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Zusammenfassung

Leishmania-Infektionen und Leishmania -Spezies 
in Mitteleuropa

Bei den Arten der Gattung Leishmania (Trypanoso- 
matidae) handelt es sich um parasitische Protisten, 
die durch den Stich von weiblichen Sandmücken 
(Phlebotominae) auf Vertebraten übertragen werden 
und bei diesen die Viszerale Leishmaniose (VL) und 
mehrere Formen von Hautleishmaniose (CL) hervorru-
fen können. Weltweit sind etwa 12 Millionen Menschen 
mit Leishmanien infiziert, und es kommt jedes Jahr zu 
geschätzten 50.000 Todesfällen, vor allem durch VL. 
Außerdem sind zahlreiche Tiere von verschiedenen 
Ausprägungen der Leishmaniose betroffen; die Kanine 
Leishmaniose gilt als bedeutende globale Zoonose. 
Bei den in Mitteleuropa diagnostizierten Leishmanien-
Infektionen handelt es sich in der Regel um importier-
te Fälle, meist in Zusammenhang mit Reisetätigkeiten 
oder Migration. Jedoch werden auch immer wieder 
autochthone Fälle beschrieben, was die grundsätz-
liche Frage aufwirft, ob Leishmanien in Mitteleuropa 
vorkommen (können)? Dies soll in der vorliegenden 
Übersichtsarbeit erörtert werden, wobei Daten zu be-
schriebenen Leishmaniose-Fällen ebenso berücksich-
tigt werden wie der derzeitige Stand des Wissens zu in 
Mitteleuropa vorhandenen möglichen Reservoiren und 
Vektoren von Leishmanien.

Summary

Species of the genus Leishmania (Trypanosomatidae) 
are parasitic protists that are transmitted to vertebrates 
by the bites of female sandflies (Phlebotominae) and 
are the causative agents of Visceral Leishmaniosis (VL) 
and various forms of Cutaneous Leishmaniosis (CL) in 
humans and animals. Worldwide, around 12 million hu-
mans are infected and more than 50,000 deaths are re-
corded every year, mainly due to VL. Numerous animal 
species are affected with various forms of leishmanio-
sis and canine leishmaniosis is a major global zoono-
sis. Leishmania infections diagnosed in central Europe 
are generally imported cases, the main drivers being 
travelling and migration. However, occasional autoch-
thonous cases have also been recorded, suggesting 
that Leishmania may have arrived in central Europe. 
This review addresses the issue by evaluating cases of 
Leishmania infections reported from central European 
countries and by summarizing the knowledge of reser-
voirs and vectors for Leishmania spp. in central Europe.
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Introduction

Species of the genus Leishmania (Trypanosomatidae: 
Leishmaniinae) are parasitic protists that can cause 
disease in a large number of animals and humans. The 
symptoms and progression of the disease depend on 
the species, the localization of the infection and the im-
mune status of the host. Generally, the disease can be 
divided into two main entities, Visceral Leishmaniosis 
(VL) and various forms of Cutaneous Leishmaniosis 
(CL) (Fig. 1). While human VL, as canine VL, are fatal if 
untreated, many forms of CL are self-limited, although 
they nevertheless cause a permanent local destruction 
of the skin and are often associated with social stig-
matization in humans. More than one billion humans 
live in areas endemic for leishmanioses. According to 
the WHO, up to 90,000 new cases of VL and between 
600,000 to 1 million new cases of CL occur annual-
ly. HIV-infected individuals are particularly susceptible 
to VL and difficult to treat (WHO 2021, 2022). The an-
nual number of canine VL cases is estimated to be as 
high as 50–100/ 1000 dogs in several Mediterranean 
regions, with well over 50 % of dogs infected in many 
endemic areas worldwide (Moreno & Alvar 2002; Le 
Rutte et al. 2021; Vaselek 2021).

Leishmania parasites are transmitted by the 
bites of female sandflies (Diptera: Psychodidae: 
Phlebotominae). Around 100 of the 1000 described 
sandfly species are confirmed vectors of Leishmania 
species (Cecílio et al. 2022). However, when discuss-
ing possible autochthonous cases in non-endemic re-
gions it is important to note that in dogs, but potentially 
also in humans, other routes of transmission may play 
a part, such as blood contacts (in dogs: bites), or ve-
nereal and transplacental transmission (Walochnik & 
Aspöck 2005; Silva et al. 2009; Guedes et al. 2020). 
Transmission by blood transfusion has been long 

known for and also has to be excluded when confirm-
ing suspected autochthonous cases (Jimenez-Marco 
et al. 2016).

The leishmanioses, particularly the cutaneous forms, 
were already known to ancient civilizations in Egypt, 
the Middle East and central and South America. The 
first detailed description of CL is given in the Canon 
of Medicine (“al-Qanun fi'l-tibb”) written around 1030 
by Avicenna (Ibn Sina), a Persian physician born in 
what is today Uzbekistan, who stated that the disease 
often starts with an insect bite (Walochnik & Aspöck 
2010). One of the first to see Leishmania parasites 
was David Cunningham (1843–1914), who described 
parasites in a skin biopsy of an Indian patient with an 
“Oriental sore” in 1885 but mistook them for myceto-
zoans. A year later, the Viennese physician Gustav 
Riehl identified “micrococcae” as causative agents 
of the “Aleppo boil” in a patient returning from India 
and in 1898, Piotr Fokich Borovsky, a Russian mili-
tary physician serving in Tashkent (the present capi-
tal of Uzbekistan), described protistan parasites as 
the causative agents of the Oriental sore. The genus 
was named after Sir William Boog Leishman, who de-
tected the parasites in 1900 in spleen samples from 
a soldier who had died after returning from India from 
what we today know as VL. He published his finding 
in 1903, almost synchronously with Charles Donovan, 
who was Professor at the Medical College in Madras, 
India and had also detected the parasites in spleen 
samples (Donovan 1903; Leishman 1903). In the same 
year, the American pathologist James Wright published 
a description of the causative agent of a sore in an 
Armenian girl as Heleosoma tropicum (Wright 1903). 
Ronald Ross established the genus Leishmania with 
the species Leishmania donovani, H. tropicum was in-
cluded as L. tropica by Max Lühe (Ross 1903a,b; Lühe 
1906) and later divided into L. tropica and L. major. 

Fig. 1: Leishmaniosis. A Cutaneous Leishmaniosis, multiple lesions. Photograph: Dr Rosemarie Moser. B Amastigote Leishmania parasites in a 
human macrophage (bone marrow sample from a case of Visceral Leishmaniosis). Photograph: Authors / Leishmaniose. A Kutane Leishmaniose, 
mehrfache Läsionen. Foto: Dr. Rosemarie Moser. B Amastigote Leishmania-Parasiten in einem humanen Makrophagen (Knochenmarkspunktion 
eines Patienten mit viszeraler Leishmaniose). Foto von den Autor:innen
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In 1908, Charles Nicolle isolated Leishmania parasites 
from a child, differentiating the disease from the Indian 
VL caused by L. donovani and proposing the name L. in-
fantum, which in the same year he and Charles Compte 
also isolated from dogs (Nicolle 1908; Nicolle & Compte 
1908). Charles Morley Wenyon (1911) identified sand-
flies of the genus Phlebotomus as the probable vector 
of Leishmania in the Old World and in 1922, Henrique de 
Beaurepaire Rohan Aragão confirmed in South America 
that Leishmania species are transmitted by sandflies, 
which were later recognized as belonging to the genus 
Lutzomyia. It is currently assumed that neotropical sand-
flies were already vectors for Leishmania-like parasites 
in the mid Oligocene to early Miocene (Steverding 2017).

The first Leishmania genome was published in 2005. 
The haploid genome of Leishmania has 32–35 mega- 
bases (MB), organized on 34–36 chromosomes and 
with a total gene number of around 9,000. The mito- 
chondrial genome is organized in 20–50 maxicircles  
and 104 minicircles within the single mitochondrion  
(Simpson et al. 1989; Aebischer & Mrva 2016). In the past 
years, particularly diagnostics but also treatment have 
improved significantly and there is a realistic chance that 
there will be a vaccine within the next decade (Malvolti 
et al. 2021). Currently, there is one live vaccine for hu-
mans licensed in Uzbekistan and four vaccines directed 
against leishmaniosis in dogs: Leishmune® (purified frac-
tion isolated from L. donovani plus a saponin adjuvant; 
withdrawn in 2014), CaniLeish® (excretory-secretory pro-
teins (ESP) of L. infantum; withdrawn from the European 
market), Leish-Tec® (recombinant protein A2 associated 
with saponin; licensed in Brazil) and LetiFend® (recom-
binant protein Q of L. infantum MON-1). A recombinant 
vaccine for use in humans is based on the Nucleoside 
hydrolase NH36 of L. donovani, the main antigen of the 
Leishmune® vaccine, and a vaccine against the sterol 
24-c-methyltransferase from L. infantum has reached 
phase I clinical trials (Palatnik-de-Sousa & Nico 2020).

Within Europe, only the Mediterranean region has al-
ways been a region of endemicity, with L. infantum being 
the main pathogen and dogs, rodents and other small 
mammals the main reservoir hosts (Rocha et al. 2022). 
Presumably, the uncontrolled import of infected dogs 
from Mediterranean southern and eastern European 
countries has been a precondition for the occasional 
occurrence of autochthonous cases of leishmaniosis in 
central Europe (Leschnik 2020). However, in most cen-
tral European countries, including Austria, leishmaniosis 
is not a notifiable disease, so case numbers can only 
be estimated and only few countries have implement-
ed surveillance and control targeting both animal and 
human infections (Berriatua et al. 2021). With this re-
view, we give an overview of the current relevance of 
Leishmania infections in central Europe from the One 
Health perspective and of the current state of knowledge 
on the possibility that Leishmania may become ende- 
mic in central Europe by reviewing the possible reser-
voirs and vectors.

Cases of Leishmania infection in 
Europe/ central Europe

Humans

Worldwide, most leishmaniosis cases occur in the 
tropics and subtropics, with a small number of countries 
bearing the major burden of the disease. According to 
the WHO, over 90 % of VL cases in 2020 occurred in 
Brazil, China, Ethiopia, Eritrea, India, Kenya, Somalia, 
South Sudan, Sudan and Yemen, with Brazil, East 
Africa and India reporting the highest numbers of new 
cases. The countries with the highest numbers of CL 
cases were Afghanistan, Algeria, Brazil, Colombia, 
Iraq, Libya, Pakistan, Peru, the Syrian Arab Republic 
and Tunisia, while over 90 % of all mucocutaneous 
cases occurred in Bolivia, Brazil, Ethiopia and Peru 
(WHO 2021).

Leishmaniosis has been endemic in the entire 
Mediterranean region since ancient times, including 
most southern European countries, where particularly 
L. infantum but also L. tropica are endemic. In France, 
for instance, 317 autochthonous and 1,154 imported 
cases of leishmaniosis were recorded between 1999 
and 2012, with autochthonous cases mainly relating to 
VL (84.5 %) and all stemming from the south of France 
(Lachaud et al. 2013). However, L. infantum can also 
cause cutaneous and even mucocutaneous infections 
(Gaspari et al. 2020) and in several Mediterranean re-
gions, including the Balkan peninsula, infections with 
L. infantum are considered to be re-emerging (Dvořák 
et al. 2020). In 2009, an outbreak of human leishmani-
osis started in Madrid. It is currently declining and is 
considered the largest outbreak of human leishmani-
osis recorded in Europe (Arce et al. 2013). In this 
outbreak, wild hares were identified as the main res-
ervoir of the parasite. In 2021, a molecular follow-up 
study reported an average L. infantum infection rate of  
8.97 % in Ph. perniciosus in the outbreak region, indi-
cating ongoing transmission (González et al. 2021). In 
Italy, a continuous northward expansion has been re-
corded during the past 30 years (Gradoni et al. 2022). 
In Greece, 326 autochthonous cases of human leish-
maniosis were registered between 2005 and 2010, in-
cluding two cases of L. tropica from southern Greece 
(Ntais et al. 2013). Berriatua et al. (2021) surveyed 32 
European countries, of which 18 declared autochtho-
nous human cases of leishmaniosis, mainly VL, and 13 
reported autochthonous human cases of both VL and 
CL. Human leishmaniosis was notifiable in 19 coun-
tries, 19 countries confirmed surveillance and 12 said 
that they had control programmes. Only four European 
countries reported control of leishmaniosis in animals: 
Greece, Italy, Montenegro and North Macedonia.

In central Europe, leishmanioses are typically trav-
el-related diseases. It is assumed that several thou-
sand human cases are imported into central Europe 
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every year. However, as Leishmania infections are not 
notifiable in most European countries, there are no re-
liable data. In what is the probably largest study of the 
subject, Van der Auwera (2022) retrospectively ana-
lysed records of leishmaniosis cases diagnosed be-
tween 2014 and 2019 in 15 centres from eleven coun-
tries: Belgium, France, Germany, Italy, the Netherlands, 
Norway, Portugal, Spain, Sweden, Switzerland and the 
United Kingdom. They analysed a total of 1,142 cases, 
of which 76 %, 21 % and 3 % had cutaneous, viscer-
al and mucosal disease, respectively. Sixty-eight per-
cent were men and 32 % women, with a median age 
of 37 years (range: 0–90) at diagnosis. VL was mainly 
acquired in Europe (88 %; 167/190), while CL was pri-
marily imported from outside Europe (77 %; 575/749). 
Sixty-two percent of CL cases from outside Europe 
were from the Old World and 38 % from the New World. 
A review of 223 cases of CL imported into the UK be-
tween 1998 and 2009 found 90 cases of Old World 
CL, mainly caused by representatives of the L. dono-
vani/infantum complex (n=20) and mainly in tourists re-
turning from the Mediterranean region, while 133 cas-
es were diagnosed as New World CL, with Leishmania 
subgenus Viannia the principal causative agent and 
patients mostly backpackers, but also soldiers (Wall 
et al. 2012). A study (Glans et al. 2018) of all cases 
of microbiologically confirmed cases of leishmaniosis 
in Sweden between 1996 and 2016 revealed migra-
tion as the primary cause for the observed increase 
in cases between 2013 and 2016. Fifty-two percent 
of cases were linked to migration, with the most com-
mon countries of origin being Syria, Afghanistan and 
Iran. Medical reports were available from 156 of the 
165 cases; 51 % of them were migrants, mainly young 
men, followed by tourists (25 %) and returning workers 
(8 %), volunteers and military personnel returning from 
Afghanistan. Migration and travel are the two factors 
with the highest impact on the number of leishmanio-
sis cases in central Europe and this is reflected in the 
gender distribution of the cases. More male migrants 
come to central Europe than females and male trav-
ellers have riskier travel habits, which are assumed to 
have a role (Boggild et al. 2019).

Between January 2010 and December 2020, 358 
cases of leishmaniosis were recorded at the Institute 
of Specific Prophylaxis and Tropical Medicine of the 
Medical University of Vienna, with a median age of 
41 years and 60.45 % of the patients being males 
(Fidelsberger 2021). Annual case numbers increased 
significantly from 2015, with a peak in 2018. Genotyping 
was performed in 21.5 % of cases and revealed the 
L. donovani/infantum complex in 37.7 % of the cases 
where the genotype was tested. Kniha et al. (2020a) 
evaluated the Leishmania seroprevalence in Austrian 
soldiers returning from the Kosovo. Fifty-five of them 
(21.1 %) had anti-Leishmania antibodies, with 13.8 %  
clearly positive and 7.3 % borderline. Kutyi (2020) 
evaluated the course of the disease and the personal 

perceptions of patients with leishmaniosis admitted to 
the Vienna University Hospital between 2011 and 2018 
and found a low level of knowledge on the disease in 
the travelling population and a high degree of unset-
tledness during the course of disease and its manage-
ment. Oeser (2011) performed a retrospective study of 
21 patients who had received treatment for leishmani-
osis at the Vienna University Hospital between 2004 
and 2010 and found very heterogenous treatment ap-
proaches and outcomes.

Animals

Only four European countries, Greece, Italy, 
Montenegro and North Macedonia, have control sys-
tems for leishmaniosis in animals (Berriatua et al. 
2021). Although many animals, including a large num-
ber of mammalian species (e.g. red foxes, wolves, 
golden jackals, cats and many rodent species) and e.g. 
reptiles, can be infected with Leishmania spp., exten-
sive and reliable data are available only for dogs. Dogs 
may develop canine leishmaniosis, which is lethal if left 
untreated, but most infected dogs remain asymptomat-
ic. However, asymptomatic and treated dogs can still 
function as reservoirs for transmission of the parasites 
to sandflies (and occasionally also to vertebrates). 
Many Mediterranean countries have high infection 
rates in dogs. A study of 5,772 dogs in Greece found 
22.09 % to be seropositive, with seropositivity gener-
ally higher in stray dogs and in some regions reaching 
>50 % (Ntais et al. 2013). More than 15 % of the en-
tire canine population in southwestern European coun-
tries has been estimated to be infected with L. infan-
tum (Moreno & Alvar 2002). Italy was reported to have 
the highest median seroprevalence (17.7 %) among 
these countries and has seen changing distribution 
patterns and a northward expansion of endemicity in 
the recent past (Mendoza-Roldan et al. 2020; Gradoni 
et al. 2022). Similar patterns have been reported for 
Spain and France, along with a general increase in ca-
nine leishmaniosis (Le Rutte et al. 2021).

Diagnostics

Leishmania diagnostics has changed significantly in 
recent years, particularly in Europe. While microsco-
py is still the gold standard in many endemic regions, 
most central European labs – which have less experi-
ence with Leishmania microscopy – largely rely on mo-
lecular methods for diagnosis. This has the advantage 
that less invasive sampling techniques are required 
as sensitivity is usually very high. Moreover, molec-
ular tests may allow the identification of species and 
strain, which is traditionally based on multilocus en-
zyme electrophoresis (zymodemes) that requires pri-
or parasite isolation and culture. The diagnostic meth-
ods used for humans and animals are largely identical, 
although there are specific guidelines for the diagno-
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sis and practical management of canine leishmaniosis 
(Solano-Gallego et al. 2011).

While numerous commercial (mainly serological, but  
also PCR-based) test systems are available for VL, 
laboratory diagnosis of CL can still be challenging. 
As in CL, the humoral immune response is low, ex-
cept in disseminating forms, so the main focus is on 
direct detection, with molecular methods showing the 
highest sensitivity. In VL, parasites can be detected in 
bone marrow and (exceptionally) spleen aspirations; 
for PCR, EDTA blood is sufficient. Alternatively, com-
mercial antigen tests are available or anti-Leishmania 
antibodies can be detected by serological methods. In 
humans, rapid tests, such as the K39 strip test based 
on the detection of IgG against the leishmanial antigen 
K39 or the so-called KAtex® test for Leishmania anti-
gen in urine, are available for the rapid diagnosis of 
VL. To diagnose CL, punch biopsies from the margin of 
the lesion are the preferred sample but skin scrapings, 
slit skin smears, aspirates or even skin impressions on 
DNA-stabilizing filter paper usually give reliable and 
sensitive results with PCR-based techniques. The usu-
al targets for the PCR are the kDNA (kinetoplast DNA, 
network of multiple copies of mitochondrial DNA exclu-
sively found in the Kinetoplastida) or the 18S ribosomal 
DNA (rDNA). Multiplex real-time PCRs for the simulta-
neous discrimination of the various Leishmania com-
plexes (Schulz et al. 2003) and Loop-mediated iso-
thermal amplification (LAMP)-based point-of-care tests 
have been established (Adams et al. 2018), although 
the sensitivity in CL is well below 100 %.

Treatment approaches

In Austria, treatment of Leishmania infections in hu-
mans generally follows the guidelines of the German 
Society for Tropical Medicine and International Health 
(DTG 2010, 2012). VL is treated systemically, with  li-
posomal amphotericin B (AmBisome®) being the first-
line therapy and miltefosine (Impavido®) the most im-
portant alternative. The antimony-based compounds 
sodium stibogluconate (Pentostam®) and meglumine 
antimoniate (Glucantime®) are now only rarely used 
in Europe due to their comparably severe side effects 
and possible resistances. The treatment of CL de-
pends on the species involved and on the number, lo-
cation and size of the lesion(s), as well as on the age 
and immune status of the patient and on cosmetic as-
pects. While mucosal and disseminating CL is gener-
ally treated systemically, again mainly with liposomal 
amphotericin B or miltefosine, localized CL is treated 
topically with paromomycin, fluconazole, ketoconazole 
or with thermotherapy. Small lesions on uncomplicated 
body sites may not need treatment. A new topical treat-
ment for skin lesions based on sodium chlorite was re-
cently introduced (Debus et al. 2022).

In animals, the decision for the necessity and justifia-
bility of therapeutic interventions depends on the clini-

cal condition and severity of the disease. Guidelines for 
dogs were published by the LeishVet Group (Solano-
Gallego et al. 2011). Treatment in animals is general-
ly based on Allopurinol (Lopurin®, Zyloprim®) and ex-
panded when necessary (after staging) to meglumine 
antimoniate (Glucantime®) or miltefosine (Milteforan®). 
Immunostimulants such as domperidone (Leisguard®), 
which is also used for prevention, may be used in mild 
forms of the disease. In most cases, it is very difficult to 
achieve and to prove parasitological cure. In dogs, pre-
ventive measures, particularly repellents but also vac-
cines and immunostimulants, have a significant role in 
controlling the disease in endemic regions.

Autochthonous cases in central 
Europe?

Leishmaniosis is endemic in all southern countries 
of Europe, with approximately 700 autochthonous hu-
man cases reported each year and many more asymp-
tomatic infections. The main species involved is L. in-
fantum, although L. tropica has also been documented 
in several regions and may become endemic in are-
as where Ph. sergenti, the main vector, is present or 
may become so (Barón et al. 2013; El Idrissi Saik et 
al. 2022) and L. donovani and L. major are on the rise. 
There is still no coordinated surveillance of the disease 
at the European level (Dujardin et al. 2008). The past 
years have seen several records of sandflies in cen-
tral Europe (Fig. 2). Moreover, most regions have a 
reservoir of Leishmania in imported or travelling dogs, 
with dogs being the main reservoir host for L. infantum 
(Fig. 2). Is Leishmania transmission possible in central 
Europe?

Suspected autochthonous cases have been report-
ed from several central European countries, in animals 
as well as in humans. In Germany, a case of VL in a 
15-month-old German child was identified, congeni-
tal or blood transfusion-associated leishmaniosis ruled 
out (Bogdan et al. 2001). One year later, an autochtho-
nous case of Leishmania infection in a horse was re-
ported (Koehler et al. 2002) and there were multiple CL 
equine cases from different regions in Germany in the 
following years (Litzke et al. 2006; Müller et al. 2009; 
Kuhls et al. 2013; Sinning et al. 2014) (Fig. 2). Two 
autochthonous human cases have been described in 
Austria (Beyreder 1962; Kollaritsch et al. 1989) and 
there was an unexpectedly high seroprevalence of anti- 
Leishmania antibodies in asymptomatic Austrian in-
dividuals (Poeppl et al. 2013a). A suspected human 
case and autochthonous bovine and possibly autoch-
thonous equine Leishmania infections have been re-
ported in Switzerland (Mazzi 1976; Müller et al. 2009; 
Lobsiger et al. 2010) and autochthonous canine cases 
have been recorded in Hungary (Tánczos et al. 2012). 
Even northern Europe has seen cases with no travel 
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history (Slappendel 1988; Diaz-Espineira & Slappendel 
1997). In a UK study, >95 % of dogs diagnosed with 
canine leishmaniosis had spent at least 6 months in an 
endemic country, mainly in Spain, although three af-
fected dogs from UK re-homing centres had no history 
of travel (Shaw et al. 2009).

Relevant Leishmania species 

The genus Leishmania includes over 50 species, of 
which 30 are considered as pathogens for mammals. 
The genus is divided into four subgenera: Leishmania, 
Sauroleishmania and Mundinia occur in the Old and 
the New World, the subgenus Viannia is restricted to 
the New World (Table 1, Table 2). While the repre-
sentatives of the Old World subgenera develop with-
in the mid and foregut of the host sandflies, species 
of Viannia and Endotrypanum have an additional de-
velopmental stage in the hindgut. Over 20 species of 
the subgenera Leishmania, Mundinia and Viannia can 
cause disease in humans, the most important ones be-
ing the L. donovani/infantum complex, the L. tropica 
complex, the L. major complex, the L. mexicana com-
plex, the L. braziliensis complex and the L. guyanen-
sis complex. The majority of Leishmania species are 
zoonotic. Only two species, L. donovani and L. tropi-
ca, are anthroponotic but even these have repeated-
ly been isolated from animals. The representatives of 
the subgenus Mundinia have only recently been recog-
nized as human pathogens (Sereno 2019). Some of the 
non-Leishmania Leishmaniinae have also been report-

ed to cause disease in hu-
mans, e.g. Endotrypanum 
columbiensis (Kreutzer et 
al. 1991).

The “Supercontinent hy-
pothesis” proposes that 
Leishmania parasites evol- 
ved in mammals in the 
Mesozoic on the super-
continent Gondwana, pos- 
sibly from monoxenous 
insect flagellates and, 
after the breakup of 
Gondwana, separated in- 
to the subgenera Viannia 
in South America and 
Leishmania, Mundinia and 
Sauroleishmania in Africa 
(Harkins et al. 2016). The 
Old World Leishmania 
species, L. aethiopica, L.  
donovani, L. infantum, 
L. major and L. tropica,  
are assumed to have an 
African, possibly East 
African, origin and to have 
dispersed into Asia and 

Europe. One species of the subgenus Leishmania, pos-
sibly deriving from a common ancestor with L. ma-
jor, later spread with its rodent hosts from Asia to the 
Americas, evolving to the L. mexicana complex, and 
L. infantum came to the Americas with the European 
conquerors (and their dogs). L. infantum has been in-
troduced into the Americas on multiple occasions and 
as numerous different strains independently in the past 
centuries, adapting not only to new vector species but 
also to new reservoir hosts. Likewise, the current glo-
balization is dispersing the species all over the world. 
In contrast to other Leishmania species, which have 
also been transported all around the globe, L. infantum 
seems to have an exceptional capacity for adaptation 
based on rapid karyotypic and genetic change (Boité 
et al. 2019; Patino et al. 2021; Schwabl et al. 2021). 
This is relevant to speculations that L. infantum may 
become endemic in central Europe. The association 
between sandfly and Leishmania species is also driven 
by the parasite density in the blood meal sources for 
the sandflies. In L. infantum infection it seems that the 
parasite density in the skin rather than in the blood af-
fects the transmissibility of the parasite from the verte-
brate host to the sandfly (Bourdeau et al. 2020).

Europe was probably first reached by L. infantum 
with dogs and by L. tropica with humans, most prob-
ably post-glacially. A recent study found evidence that 
the distribution of L. infantum during the last glacial period 
must have been rather small and concluded that the spe-
cies may have survived in distinct western and eastern 
Mediterranean refugia, while the climate of large areas of 

Fig. 2: Records of possible autochthonous leishmaniosis and sandflies (genera Phlebotomus and 
Sergentomyia) in central Europe / Mögliche autochthone Leishmaniose- und Sandmücken-Nachweise 
(Genera Phlebotomus und Sergentomyia) in Mitteleuropa
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Species Known distribution

Leishmania

	 Leishmania

		  L. donovani complex

			   L. donovani Central Africa, South Asia, Middle East, India, China

			   L. infantum Mediterranean countries of Europe, northern Africa, Arabian Peninsula, Central 
Asia, parts of China, South America (Brazil, Venezuela, Bolivia) and Mexico

			   L. archibaldi East Africa (Ethiopia, Kenya, Sudan), Lebanon

		  L. tropica complex

			   L. tropica Central and North Africa, Middle East, Central Asia, India

			   L. aethiopica Ethiopia, parts of Kenya

		  L. major complex

			   L. major Central and North Africa, Middle East, Central Asia

			   L. gerbilli Mongolia, China, Russia, Middle East

			   L. arabica Saudi Arabia

			   L. turanica Mongolia, China, Russia, Middle East

		  L. mexicana complex

			   L. mexicana Belize, Costa Rica, Guatemala, Mexico, USA (Texas close to Mexican border), 
Columbia, Ecuador

			   L. amazonensis North Argentina, Bolivia, Brazil, Columbia, Ecuador, French Guiana, Peru, 
Suriname, Venezuela

			   L. aristidesi Panama

			   L. venezuelensis Venezuela

			   L. forrattinii Brazil

	 Viannia

		  L. braziliensis complex

			   L. braziliensis Central America (including Mexico), South America (including northern Argentina)

			   L. peruviana Peru

		  L. guyanensis complex

			   L. guyanensis Northern Argentina, Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guiana, 
Peru, Surinam, Venezuela

			   L. panamensis Columbia, Panama

			   L. shawi Brazil

		  L. lainsoni Brazil, Peru, Bolivia, Surinam, French Guiana, Columbia, Ecuador

	 	 L. naiffi Brazil

		  L. lindenbergi Brazil

		  L. utingensis Brazil

Tab. 2: Known distribution of the Leishmaniinae (based on Alvar et al. 2012, Akhoundi et al. 2016, Espinosa et al. 2016 and Barratt et al. 2017) 
/ Bekannte Verbreitung der Leishmaniinae (basierend auf Alvar et al. 2012, Akhoundi et al. 2016, Espinosa et al. 2016 und Barratt et al. 2017)
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Species Known distribution

	 Sauroleishmania

		  L. henrici Martinique island (?)

		  L. chameleonis Egypt, Israel

		  L. tarentolae North Africa, Malta, Sudan, Algeria, Italy, France

		  L. davidi Central Africa

		  L. agamae Eastern Mediterranean, Palestine, Lebanon, Israel, Turkmenistan

		  L. helioscopi Turkmenistan

		  L. nicollei Turkmenistan

		  L. adleri Iran, Kenia

		  L. zmeevi Turkmenistan

	 	 L. sofieffi Russia

		  L. hoogstraali Sudan, Senegal

		  L. senegalensis Senegal

		  L. gulikae Turkmenistan

		  L. zuckermani Sudan, South Africa

	 Mundinia

		  L. enrietti complex

			   L. enrietti Brazil

			   L. martiniquensis Martinique, Thailand, Germany, Switzerland, USA (Florida)

			   L. orientalis Thailand

		  L. macropodum Australia

Porcisia

		  P. hertigi Panama, Costa Rica

		  P. deanei South America, in particular Brazil

Endotrypanum

		  E. schaudinni Brazil, Panama

		  E. monterogeii Costa Rica, Ecuador

		  E. colombiensis Columbia, Venezuela

		  E. equatorensis Ecuador

		  E. herreri Costa Rica

Zelonia

		  Z. costaricensis		  Costa Rica

		  Z. australiensis Australia

Novymonas

		  N. esmeraldas Ecuador

Tab. 2, continued: Known distribution of the Leishmaniinae (based on Alvar et al. 2012, Akhoundi et al. 2016, Espinosa et al. 2016 and Barratt et al. 
2017) / Bekannte Verbreitung der Leishmaniinae (basierend auf Alvar et al. 2012, Akhoundi et al. 2016, Espinosa et al. 2016 und Barratt et al. 2017)



10 / 19

Wiener Tierärztliche Monatsschrift – Veterinary Medicine Austria 110 (2023)

west and central Europe during the middle Holocene pe-
riod was suitable for the vectors of L. infantum, although 
the diversity was lower than in the Mediterranean region. 
The authors propose that archaic human populations of 
Europe were generally less impacted by sandfly-borne 
diseases than those of northern Africa or the Middle 
East, although they assume a possible sporadic occur-
rence of sandfly-borne infections in Neanderthal popu-
lations of the Apennine Peninsula in the late second part 
of the Middle Palaeolithic Period, probably not caused 
by L. infantum (Trájer & Sebestyén 2019). Interestingly, 
the genetic diversity of L. infantum is particularly high in 
Armenia (Kuhls et al. 2021). For southern France, ge-
netic differentiation within L. infantum suggests two main 
populations: population A (primarily in the Provence 
and Alpes-Maritimes endemic areas with MON-1 and 
non-MON-1 strains) and population B consisting of 
only MON-1 strains mainly from the Alpes-Maritimes 
(Pomares et al. 2016). L. tropica is currently re-emerging 
in various regions around the Mediterranean, particularly 
in Syria and neighbouring countries, due to large migra-
tion events caused by the war but also in northern Africa, 
particularly in Morocco (El Idrissi Saik et al. 2022). Within 
Europe, L. tropica occurs sporadically in Greece (Ready 
2010). To date, L. donovani has only been recorded in 
Cyprus (Antoniou et al. 2008).

In recent years, more and more endemic foci of leish-
maniosis have been detected in the vicinity of central 
Europe. In the past decades, endemic foci of canine 
leishmaniosis have been recorded in northern Italy, main-
ly attributed to the northward expansion of vector pop-
ulations and a growing reservoir in travelling/relocated 
dogs (Gradoni et al. 2022). Dogs certainly play a signifi-
cant part in altering the distribution of L. infantum (Maia 
& Cardoso 2015). In the recent past, autochthonous cas-
es of L. major and L. donovani infections have been also 
documented in the proximity of continental Europe, from 
the Manisa Province in Turkey (Özbilgin et al. 2022).

Although the genus Leishmania comprises many ge-
netically distinct populations, it is debatable to speak of 
species in the biological sense. Generally, genetic ex-
change is possible during the insect phase of the trans-
mission cycle in kinetoplastids and experimental hybridi-
zation has been shown in Leishmania (Ferreira & Sacks 
2022), although meiosis seems not to be obligatory but 
rather an alternative developmental pathway in kineto-
plastids (Gibson 2021).

Vectors

At least 26 sandfly species have been recorded 
in Europe, including representatives of the genera 
Phlebotomus and Sergentomyia (Table 3).

An expansion of sandflies into previously non-en-
demic regions can be observed or at least assumed 
in many southern and eastern European countries 
(Maroli et al. 2002, 2006; Kasbari et al. 2012; Mihalca 
et al. 2019; Michelutti et al. 2021). There were re-

cent reports of competent sandfly vectors, mainly 
Phlebotomus perniciosus, for the first time in 23 mu-
nicipalities of northern Italy (Gradoni et al. 2022) and 
14 sandfly species have been identified on the Balkan 
peninsula, including representatives of two genera 
(Phlebotomus and Sergentomyia) and six subgen-
era (Phlebotomus, Paraphlebotomus, Larroussius, 
Adlerius, Transphlebotomus and Sergentomyia) with 
Ph. neglectus being by far the most abundant and the 
most widely distributed species, followed by Ph. perfil-
iewi and Ph. tobbi (Dvořák et al. 2020).

Sandflies were not considered endemic in central 
Europe, as populations were overlooked for a long 
time. During the last glacial period, which ended about 
10,000 to 12,000 years ago, large parts of central and 
eastern Europe were covered by permafrost and tun-
dra, resulting in a huge decrease of preglacial biodi-
versity. After the last glacial period, the onset of an 
interglacial period was marked by a fast rise of tem-
perature with huge fluctuations. The Holocene Optima 
(two warm periods around 6,500 and 4,500 years ago) 
had mean temperatures comparable to recent climat-
ic conditions, favouring the dispersal of sandflies from 
Mediterranean and Extramediterranean refugia to 
northern parts of Europe (Aspöck 2008, 2010; Aspöck 
et al. 2008; Aspöck & Walochnik 2009).

Within central Europe and surrounding countries, 
sandflies are known to occur in Belgium (Depaquit et 
al. 2005), Germany (Naucke & Pesson 2000; Naucke 
& Schmitt 2004; Oerther et al. 2020), Switzerland 
(Grimm et al. 1993), Austria (Poeppl et al. 2013b), 
Slovakia (Dvořák et al. 2016), Hungary (Farkas et 
al. 2011; Bede-Fazekas & Trájer 2015; Trájer 2017), 
Slovenia (Ivović et al. 2015; Praprotnik et al. 2019) and 
Serbia (Vaselek et al. 2017). By far the most widely oc-
curring sandfly species in central Europe is Ph. mascit-
tii (Figure 3), which also has the northernmost distribu-
tion (Melaun et al. 2014) (Figure 2).

Ph. mascittii is a suspected but unproven vector 
for L. infantum. The known anthropophilic behaviour 
and the detection of L. infantum DNA in a specimen 
from Montecristo, Italy, as well as in an unfed spec-
imen from Lower Austria point towards a vector ca-
pacity of this species for L. infantum (Grimm et al. 
1993; Zanet et al. 2014; Obwaller et al. 2016). While 
sandflies in Switzerland and Hungary were first found 
many decades ago, records in Austria, Germany and 
Slovenia are rather recent. Ph. mascittii was report-
ed in the Swiss canton of Vaud in 1911 and 1956 
(Langeron & Nitzulescu 1931; Gaschen 1956; Naucke 
& Pesson 2000), while S. minuta, known to mainly feed 
on reptiles, and Ph. perniciosus were found in south-
ern Switzerland in the 1980s (Knechtli & Jenni 1989; 
Grimm et al. 1993). Ph. perfiliewi was reported from 
southwestern Hungary in 1932 (Szentkirályi & Lőrincz 
1932) and Ph. perfiliewi, Ph. papatasi, Ph. neglec-
tus, and Ph. mascittii were found during a more recent 
comprehensive study. Ph. neglectus and Ph. mascit-
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Sandfly species (genus, subgenus, author, year of description) Known Leishmania spp. vector capacity

genus Phlebotomus Rondani & Berté, 1840

	 subgenus Adlerius Nitzulsecu, 1931

		  Phlebotomus balcanicus Theodor, 1958 L. infantum

		  Ph. chinensis Newstead, 1916

		  Ph. simici Nitzulescu, 1931 suspected L. infantum1

	 subgenus Anaphlebotomus Theodor, 1948

		  Ph. fortunatarum Ubeda Ontiveros et al., 1982

	 subgenus Laroussius Nitzulescu, 1931

		  Ph. ariasi Tonnoir, 1918 L. infantum

		  Ph. galilaeus 2 Theodor, 1958

		  Ph. kandelakii Shchurenkova, 1929 L. infantum

		  Ph. major s.str. Annandale, 1910

		  Ph. langeroni Nitzulescu, 1930 L. infantum

		  Ph. neglectus Tonnoir, 1921 L. infantum

		  Ph. pedifer Lewis, Mutinga & Ashford, 1972

	 	 Ph. perfiliewi Parrot, 1930 L. infantum

		  Ph. perniciosus Newstead, 1911 L. infantum

		  Ph. tobbi Adler and Theodor, 1930	

	 subgenus Paraphlebotomus Theodor, 1948

		  Ph. alexandri Sinton, 1928

		  Ph. riouxi Depaquit, Léger & Killick-Kendrick, 1998

		  Ph. jacusieli Theodor, 1947

		  Ph. sergenti Parrot, 1917 L. tropica

		  Ph. similis Perfiliev, 1963 L. tropica

	 subgenus Phlebotomus Rondani & Berté, 1840

		  Ph. papatasi Scopoli, 1786 L. infantum

	 subgenus Transphlebotomus Artemiev, 1984

		  Ph. economidesi 2 Léger, Depaquit and Ferté, 2000

		  Ph. mascittii Grassi, 1908 suspected L. infantum 2

genus Sergentomyia França & Parrot, 1920

	 subgenus Sergentomyia França & Parrot, 1920

		  Sergentomyia azizi Adler, 1946

		  S. dentata Sinton, 1931

		  S. fallax Parrot, 1921

		  S. minuta Rondani, 1843

Tab. 3: Sandfly species recorded in Europe (based on Morillas Marquez et al. 1983, Sáez et al. 2018, Dvořák et al. 2020 and Cruaud et al. 2021) /  
Nachgewiesene Sandmückenarten in Europa (basierend auf Morillas Marquez et al. 1983, Sáez et al. 2018, Dvořák et al. 2020 und Cruaud et al. 
2021)

1suspected by Chaskopoulou et al. 2016, 2Only reported from Cyprus, 3suspected by Zanet et al. 2014 and Obwaller et al. 2016
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tii were also present close to Budapest (Farkas et al. 
2011). In 1999 and 2001, Ph. mascittii and Ph. per-
niciosus were recorded for the first time in Germany 
(Naucke & Pesson 2000; Naucke & Schmitt 2004). The 
first record of a sandfly species in Austria, Ph. mascittii, 
was published in 2011, related to trappings in the year 
2009 (Naucke et al. 2011). In the following years, there 
were additional findings in four federal states of Austria 
(Poeppl et al. 2013b; Obwaller et al. 2014) and the first 
record of Ph. mascittii in Slovakia close to the Austrian 
border (Dvořák et al. 2016). A second species, Ph. sim-
ici, was found in Lower Austria in 2019 (Kniha et al. 
2021). Entomological surveys in Slovenia found Ph. 
mascittii, Ph. perniciosus, Ph. papatasi, Ph. neglectus 
and S. minuta, mostly in the Mediterranean parts of the 
country (Ivović et al. 2015; Praprotnik et al. 2019).

Interestingly, no sandflies have been detected in 
Bavaria, Germany, although the area is climatically 
suitable for several species (Haeberlein et al. 2013), 
and no sandflies have been trapped in Upper Austria on 
the border with Bavaria (Kniha et al. 2020b). However, 
temperature conditions are becoming suitable for Ph. 
perniciosus across large areas of Germany, with the 
southwest (Upper Rhine Valley) and west (Cologne 

Bight) of the country assumed to represent risk areas 
(Fischer et al. 2010, 2011).

Alternative vectors

Ticks and fleas have long been suspected to be vec-
tors for Leishmania spp., a belief supported by the de-
tection of Leishmania DNA in these arthropods. But, 
as strictly haematophagous organisms, ticks and fleas 
might take up various pathogens from their hosts with-
out further survival or transmission of the pathogen. 
There is older evidence of the experimental transmis-
sion of Leishmania spp. to dogs by ticks and more re-
cent routine PCR screenings of dog-biting ticks detect-
ed Leishmania DNA in ticks. However, the vectorial 
capacity of ticks and fleas has not been clarified and 
needs further evaluation (Dantas-Torres et al. 2010; 
Colombo et al. 2011; Dantas-Torres 2011).

Biting midges (Diptera: Ceratopogonidae) have re-
cently been confirmed as vectors for Leishmania. 
In 2004, the first autochthonous case of leishmani-
osis was reported from Australia, thereby identify-
ing Leishmania (Mundinia) macropodum, a new spe-
cies belonging to the L. enrietti complex (Rose et al. 
2004). A subsequent study found no infected sandflies 

Fig. 3: Phlebotomus mascittii. A Female adult sandfly, B Pharynx, C Male genitalia / Phlebotomus mascittii. A Adultes Weibchen. B Pharynx.  
C Genitalpräparat eines Männchens
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around the location where the host animals, red kanga-
roos (Osphranter rufus Desmarest, 1822), were locat-
ed. However, biting midges of the genus Forcipomyia 
(Lasiohelea) Kieffer, 1921, were found to be infect-
ed by detection of promastigote forms and of DNA 
(Dougall et al. 2011). Experimental proof of the sus-
ceptibility of Culicoides nubeculosus (Meigen, 1830) to 
L. infantum followed shortly after (Seblova et al. 2012). 
DNA of L. infantum has been detected in Culicoides 
imicola Kieffer, 1913, and Culicoides circumscriptus 
Kieffer, 1918, in central Tunisia under natural condi-
tions (Slama et al. 2014). In 2015, the New World spe-
cies Culicoides sonorensis Wirth & Jones, 1957, was 
shown to be capable of developing late stage infections 
of L. enrietti under laboratory conditions (Seblova et al. 
2015). Finally, three Mundinia species, L. martiniquen-
sis, L. orientalis and Leishmania sp. from Ghana, were 
experimentally transmitted by Culicoides sonorensis to 
mice, proving the vectorial capacity of C. sonorensis 
for these Leishmania species (Becvar et al. 2021). As 
there are multiple autochthonous cases of equine and 
bovine leishmaniosis involving Leishmania siamen-
sis (a synonym of L. martiniquensis) in Germany and 
Switzerland, biting midges should be taken into ac-
count as vectors, particularly in areas where no sand-
flies have been trapped (Müller et al. 2009; Lobsiger et 
al. 2010).

Reservoirs 

Dogs (Canis lupus familiaris Linnaeus, 1758) are the 
main reservoir for L. infantum. However, other canids 
such as wolves (Canis lupus Linnaeus, 1758), red fox-
es (Vulpes vulpes Linnaeus, 1758) and golden jackals 
(Canis aureus Linnaeus, 1758) meet the attributes of 
efficient reservoirs for L. infantum, although they are 
often asymptomatically infected (Dantas-Torres 2007; 
Reithinger et al. 2007; Ready 2010). In the recent past, 
there is growing evidence that a very broad spectrum 
of mammals can function as reservoir hosts (reviewed 
in Cardoso et al. 2021; Tomassone et al. 2018), par-
ticularly also rats in an urban setting (Galán-Puchades 
et al. 2022). Infected humans may likewise act as res-
ervoirs, in particular immunocompromised individu-
als. Sandflies biting such individuals get infected with 
Leishmania (WHO 2022).

Although domestic dogs can be infected without ap-
parent clinical signs for years or even their entire life, 
symptomatic infections can manifest as ulcers in the 
area of the ears and tail, or with hair loss, lymphad-
enopathy and splenomegaly (Solano-Gallego et al. 
2009). Dogs may have cutaneous lesions with very 
high numbers of parasites and they live in close con-
tact to humans, enhancing the maintenance of domes-
tic L. infantum transmission cycles (Dantas-Torres & 
Brandão-Filho 2006; Dantas-Torres 2007). The infec-
tion in dogs can be passed on without a vector, from 
bitch to offspring and venereally (Walochnik & Aspöck 

2005). Transplacental transmission in two generations 
of Boxers has been reported from the Czech Republic 
(Svobodova et al. 2017). Venereal Leishmania trans-
mission in dogs in Germany and a series of autoch-
thonous cases in Finland in the absence of a vector 
underline the relevance of transmission through bite 
wounds and semen (Naucke & Lorentz 2012; Karkamo 
et al. 2014).

A large German survey (with indirect and direct 
methods) showed a substantial risk that travelling dogs 
may import L. infantum to central Europe (Schäfer et 
al. 2019a). L. infantum-positive dogs were typically 
seen when returning from Spain, Italy and France. A 
reservoir of L. infantum in dogs has already been es-
tablished in most central European countries (Mencke 
2011). While military dogs that largely remained in 
Austria were negative for L. infantum (Sonnberger et 
al. 2021), a fairly high percentage of travelling dogs 
resident in central Europe may be Leishmania-positive 
(Leschnik et al. 2008; Schäfer et al. 2019b).

Conclusion

Currently, Leishmania transmission by sandflies in 
central Europe can be assumed to be non-existent or 
very rare and limited to restricted regions. However, 
climate change and globalization will lead to growing 
populations and further dispersal of sandflies and pos-
sibly to the introduction of new species, including pos-
sible vector species. The future occurrence in or mi-
gration to central Europe of confirmed vector species, 
such as Ph. perniciosus and Ph. neglectus, up to the 
10 °C isotherm can be expected. Rising travel activ-
ities will increase the number of imported leishmani-
osis cases in humans and in animals and the contin-
uous import of Leishmania-infected dogs provides a 
solid reservoir of L. infantum. Zoonoses with numer-
ous animal reservoir hosts cannot be epidemiological-
ly controlled by treatment. While the incidence of oth-
er vector-borne diseases, such as malaria, is declining 
due to large-scale control measures, the numbers of 
leishmaniosis cases are increasing worldwide because 
of shifts in natural transmission cycles to peridomestic  
areas through urbanization and deforestation and pos-
sibly also to climate change. The installation of report-
ing and surveillance systems can contribute to the early 
detection of changes in epidemiology and to counter-
measures against the establishment of new transmis-
sion cycles.
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Fazit für die Praxis:
Derzeit ist davon auszugehen, dass es in Mitteleuropa – wenn überhaupt – nur sehr selten und auch nur sehr fo-
kal zu einer Übertragung von Leishmanien durch Sandmücken kommt, vermutlich abhängig von einer Koinzidenz 
mehrerer klimatischer und epidemiologischer Faktoren. Jedoch schaffen Klimawandel und Globalisierung 
günstige Voraussetzungen für die Ausbreitung der bereits vorhandenen Sandmücken-Populationen und die 
Einschleppung weiterer, möglicherweise besser als Vektoren für Leishmanien geeigneter Arten. Durch die zu-
nehmende Reisetätigkeit der Bevölkerung, Tiertransporte und insbesondere Import von infizierten Hunden aus 
dem Mittelmeerraum ist jedenfalls bereits heute ein relevantes Erregerreservoir in Mitteleuropa gegeben und 
eine Übertragung von Leishmanien zumindest fokal grundsätzlich möglich, bei Hunden nicht zuletzt auch durch 
Bisswunden von Hund zu Hund.

References

Adams ER, Schoone G, Versteeg I, Gomez MA, Diro E, Mori Y, 
et al. Development and Evaluation of a Novel Loop-Mediated 
Isothermal Amplification Assay for Diagnosis of Cutaneous and 
Visceral Leishmaniasis. J Clin Microbiol. 2018;56(7):e00386-18. 
DOI:10.1128/JCM.00386-18

Aebischer A, Mrva M. Leishmania. In: Walochnik J, Duchêne M, 
editors. Molecular Parasitology: Protozoan Parasites and their 
Molecules, Vienna: Springer; 2016. p. 195–216.

Akhoundi M, Kuhls K, Cannet A, Votýpka J, Marty P, Delaunay P, 
et al. A Historical Overview of the Classification, Evolution, and 
Dispersion of Leishmania Parasites and Sandflies. PLoS Negl Trop 
Dis. 2016;10(3):e0004349. DOI:10.1371/journal.pntd.0004349. 
Erratum in: PLoS Negl Trop Dis. 2016;10(6):e0004770.

Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, et al. 
Leishmaniasis worldwide and global estimates of its incidence. 
PLoS One. 2012;7(5):e35671. DOI: 10.1371/journal.pone.0035671

Antoniou M, Haralambous C, Mazeris A, Pratlong F, Dedet JP, 
Soteriadou K. Leishmania donovani leishmaniasis in Cyprus. Lancet 
Infect Dis. 2008;8(1):6–7. DOI:10.1016/S1473-3099(07)70297-9

Arce A, Estirado A, Ordobas M, Sevilla S, García N, Moratilla L, et al. 
Re-emergence of leishmaniasis in Spain: community outbreak in 
Madrid, Spain, 2009 to 2012. Euro Surveill. 2013;18:20546.

Aspöck H. Postglacial formation and fluctuations of the biodiversity 
of Central Europe in the light of climate change. Parasitol Res. 
2008;103:10–13.

Aspöck H, Gerersdorfer T, Formayer H, Walochnik J. Sandflies and 
sandfly-borne infections of humans in Central Europe in the light of 
climate change. Wien Klin Wochenschr. 2008;120(Suppl 4):24–29. 
DOI:10.1007/s00508-008-1072-8

Aspöck H, Walochnik J. When sandflies move north. Public Health 
2009;20:4–31.

Aspöck H. Fluctuations of Biodiversity in Europe in Light of Climate 
Change. Nova Acta Leopoldina. 2010;381:35–44.

Barón SD, Morillas Márquez F, Morales-Yuste M, Díaz-Sáez V, 
Gállego M, Molina R, et al. Predicting the risk of an endemic focus 
of Leishmania tropica becoming established in South-Western 
Europe through the presence of its main vector, Phlebotomus 
sergenti Parrot, 1917. Parasitology. 2013;140(11):1413–1421. 
DOI:10.1017/S0031182013000942

Barratt J, Kaufer A, Peters B, Craig D, Lawrence A, Roberts T, et 
al. Isolation of Novel Trypanosomatid, Zelonia australiensis sp. 
nov. (Kinetoplastida: Trypanosomatidae) Provides Support for a 
Gondwanan Origin of Dixenous Parasitism in the Leishmaniinae. 
PLoS Negl Trop Dis. 2017;11(1):e0005215. DOI: 10.1371/journal.
pntd.0005215

Becvar T, Vojtkova B, Siriyasatien P, Votypka J, Modry D, Jahn P, 
et al. Experimental transmission of Leishmania (Mundinia) para-
sites by biting midges (Diptera: Ceratopogonidae). PLoS Pathog. 
2021;17(6):e1009654. DOI:10.1371/journal.ppat.1009654

Bede-Fazekas Á, Trájer A. Potential urban distribution of 
Phlebotomus mascittii Grassi and Phlebotomus neglectus Tonn. 
(Diptera: Psychodidae) in 2021–50 in Budapest, Hungary. J Vector 
Borne Dis. 2015;52(3):213–218.

Berriatua E, Maia C, Conceição C, Özbel Y, Töz S, Baneth G, et 
al. Leishmaniases in the European Union and Neighboring 
Countries. Emerg Infect Dis. 2021;27(6):1723–1727. DOI:10.3201/
eid2706.210239

Beyreder J. Ein Fall von Leishmaniose in Niederösterreich. Wien 
Med Wschr. 1962;115:900–901.

Bogdan C, Schönian G, Bañuls AL, Hide M, Pratlong F, Lorenz E, 
et al. Visceral leishmaniasis in a German child who had never 
entered a known endemic area: case report and review of the lit-
erature. Clin Infect Dis. 2001;32(2):302–306. DOI:10.1086/318476

Boggild AK, Caumes E, Grobusch MP, Schwartz E, Hynes NA, 
Libman M, et al. GeoSentinel Surveillance Network. Cutaneous 
and mucocutaneous leishmaniasis in travellers and migrants: a 
20-year GeoSentinel Surveillance Network analysis. J Travel Med. 
2019;26(8):taz055. DOI:10.1093/jtm/taz055

Boité MC, Späth GF, Bussotti G, Porrozzi R, Morgado FN, Llewellyn 
M, et al. Trans-Atlantic Spill Over: Deconstructing the Ecological 
Adaptation of Leishmania infantum in the Americas. Genes 
(Basel). 2019;11(1):4. DOI:10.3390/genes11010004

Bourdeau P, Rowton E, Petersen C. Impact of different Leishmania 
reservoirs on sandfly transmission: Perspectives from xen-
odiagnosis and other one health observations. Vet Parasitol 
2020;287:109237. DOI:10.1016/j.vetpar.2020.109237

Cardoso L, Schallig H, Persichetti MF, Pennisi MG. New 
Epidemiological Aspects of Animal Leishmaniosis in Europe: 
The Role of Vertebrate Hosts Other Than Dogs. Pathogens. 
2021;10(3):307. DOI:10.3390/pathogens10030307



15 /19

Wiener Tierärztliche Monatsschrift – Veterinary Medicine Austria 110 (2023)

Cecílio P, Cordeiro-da-Silva A, Oliveira F. Sand flies: Basic infor-
mation on the vectors of leishmaniasis and their interactions with 
Leishmania parasites. Commun Biol. 2022;5(1):305. DOI:10.1038/
s42003-022-03240-z

Chaskopoulou A, Giantsis IA, Demir S, Bon MC. Species com-
position, activity patterns and blood meal analysis of sand fly 
populations (Diptera: Psychodidae) in the metropolitan region 
of Thessaloniki, an endemic focus of canine leishmaniasis. Acta 
Trop. 2016;158:170–176. DOI:10.1016/j.actatropica.2016.03.006

Colombo FA, Odorizzi RM, Laurenti MD, Galati EA, Canavez F, 
Pereira-Chioccola VL. Detection of Leishmania (Leishmania) 
infantum RNA in fleas and ticks collected from naturally infect-
ed dogs. Parasitol Res. 2011;109(2):267–274. DOI:10.1007/
s00436-010-2247-6

Cruaud A, Lehrter V, Genson G, Rasplus JY, Depaquit J. Evolution, 
systematics and historical biogeography of sandflies of the subgenus 
Paraphlebotomus (Diptera, Psychodidae, Phlebotomus) inferred 
using restriction-site associated DNA markers. PLoS Negl Trop Dis. 
2021;15(7), e0009479. DOI: 10.1371/journal.pntd.0009479

Dantas-Torres F, Brandão-Filho SP. Visceral leishmaniasis in 
Brazil: revisiting paradigms of epidemiology and control. Rev 
Inst Med Trop Sao Paulo. 2006;48(3):151–156. DOI:10.1590/
s0036-46652006000300007 

Dantas-Torres F. The role of dogs as reservoirs of Leishmania 
parasites, with emphasis on Leishmania (Leishmania) infantum 
and Leishmania (Viannia) braziliensis. Vet Parasitol. 2007;149(3-
4):139–146. DOI:10.1016/j.vetpar.2007.07.007

Dantas-Torres F, Lorusso V, Testini G, de Paiva-Cavalcanti M, 
Figueredo LA, Stanneck D, et al. Detection of Leishmania infantum 
in Rhipicephalus sanguineus ticks from Brazil and Italy. Parasitol 
Res. 2010;106(4):857–860. DOI:10.1007/s00436-010-1722-4

Dantas-Torres F. Ticks as vectors of Leishmania parasites. Trends 
Parasitol. 2011;27(4):155–159. DOI:10.1016/j.pt.2010.12.006

Debus D, Genç S, Kurz P, Holzer M, Bauer K, Heimke-Brinck R, 
et al. Case Report: Local Treatment of a Leishmania tropica 
Infection in a Syrian Child with a Novel Filmogenic Preparation 
of Pharmaceutical Sodium Chlorite (LeiProtect®). Am J Trop Med 
Hyg. 2022;106(3):857–860. DOI:10.4269/ajtmh.21-0962

Depaquit J, Naucke TJ, Schmitt C, Ferté H, Léger N. A molec-
ular analysis of the subgenus Transphlebotomus Artemiev, 
1984 (Phlebotomus, Diptera, Psychodidae) inferred from ND4 
mtDNA with new northern records of Phlebotomus mascittii 
Grassi, 1908. Parasitol Res. 2005;95(2):113–116. DOI:10.1007/
s00436-004-1254-x

Diaz-Espineira MM, Slappendel RJ. A case of autochthonous canine 
leishmaniasis in The Netherlands. Vet Q. 1997;19:69–71.

Donovan C. On the possibility of the occurrence of trypanosomiasis 
in India. Br Med J. 1903;2:79. 

Dougall AM, Alexander B, Holt DC, Harris T, Sultan AH, Bates PA, 
et al. Evidence incriminating midges (Diptera: Ceratopogonidae) 
as potential vectors of Leishmania in Australia. Int J Parasitol. 
2011;41(5):571–579. DOI:10.1016/j.ijpara.2010.12.008

DTG - Deutsche Gesellschaft für Tropenmedizin und Internationale 
Gesundheit. Diagnostik und Therapie der kutanen und muko-
kutanen Leishmaniasis. Leitlinie der Deutschen Gesellschaft 
für Tropenmedizin und Internationale Gesundheit (DTG) 
in Zusammenarbeit mit der Paul-Ehrlich-Gesellschaft für 
Chemotherapie (PEG) und der Deutschen Dermatologischen 

Gesellschaft. AWMF-Register Nr. 042/007, 2010. [last update 
2010 Nov]. Available from: https://www.dtg.org/index.php/empfe-
hlungen-und-leitlinien/leitlinien.html

DTG - Deutsche Gesellschaft für Tropenmedizin und Internationale 
Gesundheit. Diagnostik und Therapie der viszeralen 
Leishmaniasis (Kala-Azar). Leitlinie der Deutschen Gesellschaft 
für Tropenmedizin und Internationale Gesundheit (DTG). AWMF-
Register Nr. 042/004, 2012. [last update 2012 Mar]. Available 
from: https://www.dtg.org/index.php/empfehlungen-und-leitlinien/
leitlinien.html

Dujardin JC, Campino L, Cañavate C, Dedet JP, Gradoni L, 
Soteriadou K, et al. Spread of vector-borne diseases and neglect 
of Leishmaniasis, Europe. Emerg Infect Dis. 2008;14(7):1013–
1018. DOI:10.3201/eid1407.071589

Dvořák V, Hlavackova K, Kocisova A, Volf P. First record of 
Phlebotomus (Transphlebotomus) mascittii in Slovakia. Parasite. 
2016;23:48. DOI:10.1051/parasite/2016061

Dvořák V, Kasap OE, Ivović V, Mikov O, Stefanovska J, Martinkovic 
F, et al. Sandflies (Diptera: Psychodidae) in eight Balkan countries: 
historical review and region-wide entomological survey. Parasit 
Vectors. 2020;13(1):573. DOI:10.1186/s13071-020-04448-w

El Idrissi Saik I, Benlabsir C, Fellah H, Lemrani M, Riyad M. 
Transmission patterns of Leishmania tropica around the 
Mediterranean basin: Could Morocco be impacted by a zo-
onotic spillover? PLoS Negl Trop Dis. 2022;16(1):e0010009. 
DOI:10.1371/journal.pntd.0010009

Espinosa OA, Serrano MG, Camargo EP, Teixeira MMG, 
Shaw JJ. An appraisal of the taxonomy and nomenclature 
of trypanosomatids presently classified as Leishmania and 
Endotrypanum. Parasitology. 2016;145(4):430–442. DOI:10.1017/
S0031182016002092

Farkas R, Tánczos B, Bongiorno G, Maroli M, Dereure J, Ready PD. 
First surveys to investigate the presence of canine leishmaniasis 
and its phlebotomine vectors in Hungary. Vector Borne Zoonotic 
Dis. 2011;11(7):823–834. DOI:10.1089/vbz.2010.0186

Ferreira TR, Sacks DL. Experimental Hybridization in Leishmania: 
Tools for the Study of Genetic Exchange. Pathogens. 
2022;11(5):580. DOI:10.3390/pathogens11050580

Fidelsberger L. Leishmaniasis: A retrospective explorative data 
analysis of the documented cases in Austria from January 2010 
to December 2020 [diploma thesis]. Vienna: Medical University of 
Vienna; 2021.

Fischer D, Thomas SM, Beierkuhnlein C. Temperature-derived po-
tential for the establishment of phlebotomine sandflies and viscer-
al leishmaniasis in Germany. Geospat Health. 2010;5(1):59–69. 
DOI:10.4081/gh.2010.187

Fischer D, Moeller P, Thomas SM, Naucke TJ, Beierkuhnlein C. 
Combining climatic projections and dispersal ability: a method 
for estimating the responses of sandfly vector species to climate 
change. PLoS Negl Trop Dis. 2011;5(11):e1407. DOI:10.1371/
journal.pntd.0001407

Galán-Puchades MT, Solano J, González G, Osuna A, Pascual J, 
Bueno-Marí R, et al. Molecular detection of Leishmania infantum in 
rats and sandflies in the urban sewers of Barcelona, Spain. Parasit 
Vectors. 2022;15(1):211. DOI:10.1186/s13071-022-05309-4

Gaschen H. Présence de Phlebotomus mascittii Grassi 1908 
dans le canton de Vaud. Mitteilungen der Schweizerischen 
Entomologischen Gesellschaft. 1956;29(2):223–225.



16 / 19

Wiener Tierärztliche Monatsschrift – Veterinary Medicine Austria 110 (2023)

Gaspari V, Zaghi I, Macrì G, Patrizi A, Salfi N, Locatelli F, 
et al. Autochthonous Cases of Mucosal Leishmaniasis in 
Northeastern Italy: Clinical Management and Novel Treatment 
Approaches. Microorganisms. 2020;8(4):588. DOI:10.3390/
microorganisms8040588

Gibson W. The sexual side of parasitic protists. Mol Biochem Parasitol. 
2021;243:111371. DOI:10.1016/j.molbiopara.2021.111371

Glans H, Dotevall L, Söbirk SK, Färnert 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(1):632. DOI:10.1186/
s12879-018-3539-1

González E, Molina R, Iriso A, Ruiz S, Aldea I, Tello A, et al. 
Opportunistic feeding behaviour and Leishmania infantum detec-
tion in Phlebotomus perniciosus females collected in the human 
leishmaniasis focus of Madrid, Spain (2012–2018). PLoS Negl Trop 
Dis. 2021;15(3):e0009240. DOI: 10.1371/journal.pntd.0009240

Gradoni L, Ferroglio E, Zanet S, Mignone W, Venco L, Bongiorno G, 
et al. Monitoring and detection of new endemic foci of canine leish-
maniosis in northern continental Italy: An update from a study in-
volving five regions (2018–2019). Vet Parasitol Reg Stud Reports. 
2022;27:100676. DOI:10.1016/j.vprsr.2021.100676

Grimm F, Gessler M, Jenni L. Aspects of sandfly biology in 
southern Switzerland. Med Vet Entomol. 1993;7(2):170–176. 
DOI:10.1111/j.1365-2915.1993.tb00671.x

Guedes DL, van Henten S, Cnops L, Adriaensen W, van Griensven 
J. Sexual Transmission of Visceral Leishmaniasis: A Neglected 
Story. Trends Parasitol. 2020;36(12):950–952. DOI:10.1016/j.
pt.2020.08.002

Haeberlein S, Fischer D, Thomas SM, Schleicher U, Beierkuhnlein 
C, Bogdan C. First assessment for the presence of phlebotomine 
vectors in Bavaria, Southern Germany, by combined distribution 
modeling and field surveys. PLoS One. 2013;8(11):e81088. DOI: 
10.1371/journal.pone.008108

Harkins KM, Schwartz RS, Cartwright RA, Stone AC. Phylogenomic 
reconstruction supports supercontinent origins for Leishmania. 
Infect Genet Evol. 2016 Mar;38:101-109. DOI:10.1016/j.
meegid.2015.11.030

Ivović V, Kalan K, Zupan S, Bužan E. Illegal waste sites as a potential 
micro foci of Mediterranean Leishmaniasis: First records of phle-
botomine sandflies (Diptera: Psychodidae) from Slovenia. Acta Vet 
Brno. 2015;65:348–357. DOI:10.1515/acve-2015-0029

Jimenez-Marco T, Fisa R, Girona-Llobera E, Cancino-Faure B, 
Tomás-Pérez M, Berenguer D, et al. Transfusion-transmitted 
leishmaniasis: a practical review. Transfusion. 2016;56(1):45–51. 
DOI:10.1111/trf.13344

Karkamo V, Kaistinen A, Näreaho A, Dillard K, Vainio-Siukola K, 
Vidgrén G, et al. The first report of autochthonous non-vector-
borne transmission of canine leishmaniosis in the Nordic countries. 
Acta Vet Scand. 2014;56(1):84. DOI:10.1186/s13028-014-0084-9

Kasbari M, Ravel C, Harold N, Pesson B, Schaffner F, Depaquit J. 
Possibility of leishmaniasis transmission in Jura, France. Emerg 
Infect Dis. 2012;18(6):1030. DOI:10.3201/eid1806.120158

Knechtli R, Jenni L. Distribution and relative density of three sandfly 
(Diptera: Phlebotominae) species in southern Switzerland. Ann 
Parasitol Hum Comp. 1989;64(1):53–63.

Kniha E, Walochnik J, Poeppl W, Mooseder G, Obwaller AG. 
Leishmania spp. seropositivity in Austrian soldiers returning 

from the Kosovo. Wien Klin Wochenschr. 2020a;132(12):47–49. 
DOI:10.1007/s00508-019-01598-5

Kniha E, Dvořák V, Halada P, Milchram M, Obwaller AG, Kuhls K, et al. 
Integrative Approach to Phlebotomus mascittii Grassi, 1908: First 
Record in Vienna with New Morphological and Molecular Insights. 
Pathogens. 2020b;9(12):1032. DOI:10.3390/pathogens9121032

Kniha E, Dvořák V, Milchram M, Obwaller AG, Köhsler M, Poeppl 
W, et al. Phlebotomus (Adlerius) simici NITZULESCU, 1931: 
first record in Austria and phylogenetic relationship with other 
Adlerius species. Parasit Vectors. 2021;14(1):20. DOI:10.1186/
s13071-020-04482-8

Koehler K, Stechele M, Hetzel U, Domingo M, Schönian G, Zahner 
H, et al. Cutaneous leishmaniosis in a horse in southern Germany 
caused by Leishmania infantum. Vet Parasitol. 2002;109(1–2):9–
17. DOI:10.1016/s0304-4017(02)00246-7

Kollaritsch H, Emminger W, Zaunschirm A, Aspock H. Suspected au-
tochthonous kala-azar in Austria. The Lancet 1989;333(8643):901–
902. DOI: 10.1016/s0140-6736(89)92895-x

Kreutzer RD, Corredor A, Grimaldi G Jr, Grogl M, Rowton ED, Young 
DG, et al. Characterization of Leishmania colombiensis sp. n. 
(Kinetoplastida: Trypanosomatidae), a new parasite infecting 
humans, animals, and phlebotomine sandflies in Colombia and 
Panama. Am J Trop Med Hyg. 1991;44(6):662–675. DOI:10.4269/
ajtmh.1991.44.662

Kuhls K, Sinning D, Rauhut F, Köhler K, Litzke LF, Schönian G. 
Leishmania siamensis as the cause of autochthonous cutaneous 
leishmaniasis of horses in Germany – a new emerging zoonotic dis-
ease? 5th World Leishmaniasis Congress; 13. –17.05.2013; Porto 
de Galinhas, Pernambuco, Brazil; 2013. Abstract.

Kuhls K, Moskalenko O, Sukiasyan A, Manukyan D, Melik-Andreasyan 
G, Atshemyan L, et al. Microsatellite based molecular epidemiology 
of Leishmania infantum from re-emerging foci of visceral leishmani-
asis in Armenia and pilot risk assessment by ecological niche mod-
eling. PLoS Negl Trop Dis. 2021;15(4):e0009288. DOI:10.1371/
journal.pntd.0009288

Kutyi J. Leishmaniose am AKH Wien von 2011–2018: eine retro-
spektive Datenanalyse über den klinischen Verlauf, Therapie 
und Outcome der Patienten, sowie eine qualitative Analyse der 
Lebensqualität von Patienten mit Leishmaniose [diploma thesis]. 
Vienna: Medical University of Vienna; 2020.

Lachaud L, Dedet JP, Marty P, Faraut F, Buffet P, Gangneux JP, et 
al. Working Group for the Notification of Human Leishmanioses in 
France. Surveillance of leishmaniases in France, 1999 to 2012. 
Euro Surveill. 2013;18(29):20534.

Langeron M, Nitzulescu V. Phlebotomus larroussei n. sp. nouvelle 
espèce européenne de phlébotome. Ann Parasitol Hum Comp. 
1931;10:72–76. DOI: 10.1051/parasite/1931091072

Leishman WB. On the possibility of the occurrence of trypano-
somiasis in India. Br Med J. 1903;1:1252–1254. DOI:10.1136/
bmj.1.2213.1252

Le Rutte EA, van der Wilt LS, Bulstra CA, Nieboer D, Kontoroupis P, 
de Vlas SJ, et al. Incidence and geographical distribution of canine 
leishmaniosis in 2016–2017 in Spain and France. Vet Parasitol Reg 
Stud Reports. 2021;25:100613. DOI:10.1016/j.vprsr.2021.100613

Leschnik M, Löwenstein M, Edelhofer R, Kirtz G. Imported non-en-
demic, arthropod-borne and parasitic infectious diseases in 
Austrian dogs. Wien Klin Wochenschr. 2008;120(Suppl 4):59–62. 
DOI:10.1007/s00508-008-1077-3



17 /19

Wiener Tierärztliche Monatsschrift – Veterinary Medicine Austria 110 (2023)

Leschnik M. Focus on common small animal vector-borne dis-
eases in central and southeastern Europe. Acta veterinaria. 
2020;70(2):147–169. DOI: 10.2478/acve-2020-0011

Litzke LF, Köhler K, Schoenian G, Zahner H. Autochthone 
Hautleishmaniose beim Pferd. In: Zahner H, Bauer CH, edi-
tors. Tagung „Diagnostik, Epidemiologie und Bekämpfung von 
Parasitosen“ der Fachgruppe Parasitologie und parasitäre 
Krankheiten der Deutschen Veterinärmedizinischen Gesellschaft, 
07.–09.06.2006; Wetzlar, Germany. 2006. p. 116.

Lobsiger L, Müller N, Schweizer T, Frey CF, Wiederkehr D, Zumkehr 
B, et al. An autochthonous case of cutaneous bovine leishma-
niasis in Switzerland. Vet Parasitol. 2010;169(3–4):408–414. 
DOI:10.1016/j.vetpar.2010.01.022

Lühe M. Die im Blute schmarotzenden Protozoen und ihre nächsten 
Verwandten. In: Mense C, editor. Handbuch der Tropenkrankheiten, 
vol. 3, Leipzig, Germany: J.A. Barth; 1906. p. 69–268.

Maia C, Cardoso L. Spread of Leishmania infantum in Europe with 
dog travelling. Vet Parasitol. 2015;213(1–2):2–11. DOI:10.1016/j.
vetpar.2015.05.003

Malvolti S, Malhame M, Mantel CF, Le Rutte EA, Kaye PM. Human 
leishmaniasis vaccines: Use cases, target population and poten-
tial global demand. PLoS Negl Trop Dis. 2021;15(9):e0009742. 
DOI:10.1371/journal.pntd.0009742

Maroli M, Khoury C, Bianchi R, Ferroglio E, Natale A. Recent findings 
of Phlebotomus neglectus Tonnoir, 1921 in Italy and its western 
limit of distribution. Parassitologia. 2002;44(1–2):103–109.

Maroli M, Gradoni L, Khoury C, Bianchi R, Nicoli Aldini R, Gramiccia 
M. Entomological survey on plebotomine sandflies (Diptera: 
Psychodidae) in three sub-Alpine valleys of Lombardy region, 
northern Italy. Parassitologia 2006;48(1–2):159.

Mazzi R. Kutane Leishmaniose: autochthoner Fall in der Schweiz 
[Cutaneous leishmaniasis: an autochtonous case in Switzerland?]. 
Dermatologica. 1976;153(2):104–105.

Melaun C, Krüger A, Werblow A, Klimpel S. New record of the sus-
pected leishmaniasis vector Phlebotomus (Transphlebotomus) 
mascittii Grassi, 1908 (Diptera: Psychodidae: Phlebotominae) – the 
northernmost phlebotomine sandfly occurrence in the Palearctic 
region. Parasitol Res. 2014;113(6):2295–2301. DOI:10.1007/
s00436-014-3884-y

Mencke N. The importance of canine leishmaniosis in non-endemic 
areas, with special emphasis on the situation in Germany. Berl 
Munch Tierarztl Wochenschr. 2011;124(11–12):434–442.

Mendoza-Roldan J, Benelli G, Panarese R, Iatta R, Furlanello T, 
Beugnet F, et al. Leishmania infantum and Dirofilaria immitis infec-
tions in Italy, 2009–2019: changing distribution patterns. Parasit 
Vectors. 2020;13(1):193. DOI:10.1186/s13071-020-04063-9

Michelutti A, Toniolo F, Bertola M, Grillini M, Simonato G, Ravagnan 
S, et al. Occurrence of Phlebotomine sandflies (Diptera: 
Psychodidae) in the northeastern plain of Italy. Parasit Vectors. 
2021;14(1):164. DOI:10.1186/s13071-021-04652-2

Mihalca AD, Cazan CD, Sulesco T, Dumitrache MO. A historical re-
view on vector distribution and epidemiology of human and animal 
leishmanioses in Eastern Europe. Res Vet Sci. 2019;123:185–191. 
DOI:10.1016/j.rvsc.2019.01.018

Moreno J, Alvar J. Canine leishmaniasis: epidemiological risk and 
the experimental model. Trends Parasitol. 2002;18(9):399–405. 
DOI:10.1016/s1471-4922(02)02347-4

Morillas Marquez F, Guevara Benitez DC, Ubeda Ontiveros J, 
Gonzalez Castro J. Fluctuations annuelles des populations 
de phlébotomes (Diptera, Phlebotomidae) dans la prov-
ince de Grenade (Espagne). Ann Parasitol Hum Comparée. 
1983;58(6):625–632.

Müller N, Welle M, Lobsiger L, Stoffel MH, Boghenbor KK, Hilbe 
M, et al. Occurrence of Leishmania sp. in cutaneous lesions of 
horses in Central Europe. Vet Parasitol. 2009;166(3–4):346–351. 
DOI:10.1016/j.vetpar.2009.09.001

Naucke TJ, Pesson B. Presence of Phlebotomus (Transphlebotomus) 
mascittii Grassi, 1908 (Diptera: Psychodidae) in Germany. 
Parasitol Res. 2000;86(4):335-336. DOI:10.1007/s004360050053

Naucke TJ, Schmitt C. Is leishmaniasis becoming endemic 
in Germany? Int J Med Microbiol. 2004;293(37):179–181. 
DOI:10.1016/s1433-1128(04)80036-6

Naucke TJ, Lorentz S, Rauchenwald F, Aspöck H. Phlebotomus 
(Transphlebotomus) mascittii Grassi, 1908, in Carinthia: first 
record of the occurrence of sandflies in Austria (Diptera: 
Psychodidae: Phlebotominae). Parasitol Res. 2011;109(4):1161–
1164. DOI:10.1007/s00436-011-2361-0

Naucke TJ, Lorentz S. First report of venereal and vertical transmission 
of canine leishmaniosis from naturally infected dogs in Germany. 
Parasit Vectors. 2012;5:67. DOI:10.1186/1756-3305-5-67

Nicolle C. Sur trois cas d’infection splénique infantile à corps 
de Leishman observés en Tunisie. Arch Inst Pasteur Tunis. 
1908:3–26.

Nicolle C, Comte C. Origine canine du kala-azar. Bull Soc Pathol 
Exot. 1908;1:299–301.

Ntais P, Sifaki-Pistola D, Christodoulou V, Messaritakis I, Pratlong F, 
Poupalos G, et al. Leishmaniases in Greece. Am J Trop Med Hyg. 
2013;89(5):906–915. DOI:10.4269/ajtmh.13-0070

Obwaller AG, Poeppl W, Naucke TJ, Luksch U, Mooseder G, Aspöck 
H, et al. Stable populations of sandflies (Phlebotominae) in 
Eastern Austria: a comparison of the trapping seasons 2012 and 
2013. Trends Entomol. 2014;2:49–53.

Obwaller AG, Karakus M, Poeppl W, Töz S, Özbel Y, Aspöck H, et 
al. Could Phlebotomus mascittii play a role as a natural vector for 
Leishmania infantum? New data. Parasit Vectors. 2016;9:458. 
DOI:10.1186/s13071-016-1750-8

Oerther S, Jöst H, Heitmann A, Lühken R, Krüger A, Steinhausen I, 
et al. Phlebotomine sandflies in Southwest Germany: an update 
with records in new locations. Parasit Vectors. 2020;13(1):173. 
DOI:10.1186/s13071-020-04058-6

Oeser C. Pilotstudie über das Auftreten und den klinischen Verlauf 
der Leishmaniose am AKH Wien [diploma thesis]. Vienna: Medical 
University of Vienna; 2011.

Özbilgin A, Tunalı V, Akar ŞŞ, Yıldırım A, Şen S, Çavuş I, et al. 
Autochthonous transmission of Leishmania donovani and 
Leishmania major with all the components of infection cycle at 
Europe's doorstep. Acta Trop. 2022;230:106385. DOI:10.1016/j.
actatropica.2022.106385

Palatnik-de-Sousa CB, Nico D. The Delay in the Licensing of 
Protozoal Vaccines: A Comparative History. Front Immunol. 
2020;11:204. DOI:10.3389/fimmu.2020.00204

Patino LH, Castillo-Castañeda A, Muñoz M, Muskus C, Rivero-
Rodríguez M, Pérez-Doria A, et al. Revisiting the heterogeneous 
global genomic population structure of Leishmania infantum. 
Microb Genom. 2021;7(9):000640. DOI:10.1099/mgen.0.000640



18 / 19

Wiener Tierärztliche Monatsschrift – Veterinary Medicine Austria 110 (2023)

Poeppl W, Herkner H, Tobudic S, Faas A, Auer H, Mooseder G, et 
al. Seroprevalence and asymptomatic carriage of Leishmania spp. 
in Austria, a non-endemic European country. Clin Microbiol Infect. 
2013a;19(6):572–577. DOI:10.1111/j.1469-0691.2012.03960.x

Poeppl W, Obwaller AG, Weiler M, Burgmann H, Mooseder G, Lorentz 
S, et al. Emergence of sandflies (Phlebotominae) in Austria, a 
Central European country. Parasitol Res. 2013b;112(12):4231–
4237. DOI:10.1007/s00436-013-3615-9

Pomares C, Marty P, Bañuls AL, Lemichez E, Pratlong F, Faucher 
B, et al. Genetic Diversity and Population Structure of Leishmania 
infantum from Southeastern France: Evaluation Using Multi-Locus 
Microsatellite Typing. PLoS Negl Trop Dis. 2016;10(1):e0004303. 
DOI:10.1371/journal.pntd.0004303

Praprotnik E, Zupan S, Ivović V. Morphological and Molecular 
Identification of Phlebotomus mascittii Grassi, 1908 Populations 
From Slovenia. J Med Entomol. 2019;56(2):565–568. DOI:10.1093/
jme/tjy176

Ready PD. Leishmaniasis emergence in Europe. Euro Surveill. 
2010;15(10):19505.

Reithinger R, Dujardin JC, Louzir H, Pirmez C, Alexander B, Brooker 
S. Cutaneous leishmaniasis. Lancet Infect Dis. 2007;7(9):581–
596. DOI:10.1016/S1473-3099(07)70209-8

Rocha R, Pereira A, Maia C. Non-Endemic Leishmaniases 
Reported Globally in Humans between 2000 and 2021—A 
Comprehensive Review. Pathogens 2022;11(8):921. DOI:10.3390/
pathogens11080921

Rose K, Curtis J, Baldwin T, Mathis A, Kumar B, Sakthianandeswaren 
A, et al. Cutaneous leishmaniasis in red kangaroos: isolation 
and characterisation of the causative organisms. Int J Parasitol. 
2004;34(6):655–664. DOI:10.1016/j.ijpara.2004.03.001

Ross R. Further notes of Leishman’s bodies. Br Med J. 1903a;2:1401. 
DOI:10.1136/bmj.2.2239.1401

Ross R. Note on the bodies recently described by Leishman 
and Donovan. Br Med J. 1903b;2:1261–1262. DOI:10.1136/
bmj.2.2237.1261

Sáez VD, Morillas Márquez F, Merino-Espinosa G, Corpas-López 
V, Morales-Yuste M, Pesson B, et al. Phlebotomus langeroni 
Nitzulescu (Diptera, Psychodidae) a new vector for Leishmania 
infantum in Europe. Parasitol Res. 2018;117(4):1105–1113. 
DOI:10.1007/s00436-018-5788-8

Schäfer I, Volkmann M, Beelitz P, Merle R, Müller E, Kohn B. 
Retrospective evaluation of vector-borne infections in dogs im-
ported from the Mediterranean region and southeastern Europe 
(2007–2015). Parasit Vectors. 2019a;12(1):30. DOI:10.1186/
s13071-018-3284-8

Schäfer I, Volkmann M, Beelitz P, Merle R, Müller E, Kohn B. 
Retrospective analysis of vector-borne infections in dogs af-
ter travelling to endemic areas (2007–2018). Vet Parasitol. 
2019b;2:100015. DOI:10.1016/j.vpoa.2019.100015

Schulz A, Mellenthin K, Schönian G, Fleischer B, Drosten C. Detection, 
differentiation, and quantitation of pathogenic Leishmania organ-
isms by a fluorescence resonance energy transfer-based real-time 
PCR assay. J Clin Microbiol. 2003;41(4):1529-1535. DOI:10.1128/
JCM.41.4.1529-1535.2003

Schwabl P, Boité MC, Bussotti G, Jacobs A, Andersson B, Moreira 
O, et al. Colonization and genetic diversification process-
es of Leishmania infantum in the Americas. Commun Biol. 
2021;4(1):139. DOI:10.1038/s42003-021-01658-5

Seblova V, Sadlova J, Carpenter S, Volf P. Development of Leishmania 
parasites in Culicoides nubeculosus (Diptera: Ceratopogonidae) 
and implications for screening vector competence. J Med Entomol. 
2012;49(5):967–970. DOI:10.1603/me12053

Seblova V, Sadlova J, Vojtkova B, Votypka J, Carpenter S, Bates 
PA, et al. The Biting Midge Culicoides sonorensis (Diptera: 
Ceratopogonidae) Is Capable of Developing Late Stage Infections 
of Leishmania enriettii. PLoS Negl Trop Dis. 2015;9(9):e0004060. 
DOI:10.1371/journal.pntd.0004060

Sereno D. Leishmania (Mundinia) spp.: from description to emergence 
as new human and animal Leishmania pathogens. New Microbes 
New Infect. 2019;30:100540. DOI:10.1016/j.nmni.2019.100540

Shaw SE, Langton DA, Hillman TJ. Canine leishmaniosis in the United 
Kingdom: a zoonotic disease waiting for a vector? Vet Parasitol. 
2009;163(4):281–285. DOI:10.1016/j.vetpar.2009.03.025

Silva FL, Oliveira RG, Silva TM, Xavier MN, Nascimento EF, 
Santos RL. Venereal transmission of canine visceral leishma-
niasis. Vet Parasitol. 2009;160(1–2):55–59. DOI:10.1016/j.
vetpar.2008.10.079

Simpson AM, Suyama Y, Dewes H, Campbell DA, Simpson L. 
Kinetoplastid mitochondria contain functional tRNAs which are 
encoded in nuclear DNA and also contain small minicircle and 
maxicircle transcripts of unknown function. Nucleic Acids Res. 
1989;17(14):5427–5445. DOI:10.1093/nar/17.14.5427. Erratum 
in: Nucleic Acids Res 1989 Sep 25;17(18):7580.

Sinning D, Köhler K, Litzke LF, Schönian G, Frohme M, Kuhls 
K. Leishmania siamensis als Erreger von autochthoner ku-
taner Leishmaniose bei Pferden in Deutschland – eine neue 
Infektionskrankheit in Mitteleuropa? Wissenschaftliche Beiträge 
2014;18:17–25.

Slama D, Haouas N, Remadi L, Mezhoud H, Babba H, Chaker 
E. First detection of Leishmania infantum (Kinetoplastida: 
Trypanosomatidae) in Culicoides spp. (Diptera: Ceratopogonidae). 
Parasit Vectors. 2014;7:51. DOI:10.1186/1756-3305-7-51

Slappendel RJ. Canine leishmaniasis. A review based on 
95 cases in The Netherlands. Vet Q. 1988;10:1–16. DOI: 
10.1080/01652176.1988.9694140

Solano-Gallego L, Koutinas A, Miró G, Cardoso L, Pennisi MG, 
Ferrer L, et al. Directions for the diagnosis, clinical staging, 
treatment and prevention of canine leishmaniosis. Vet Parasitol. 
2009;165(1–2):1–18. DOI:10.1016/j.vetpar.2009.05.022

Solano-Gallego L, Miró G, Koutinas A, Cardoso L, Pennisi MG, 
Ferrer L, et al. LeishVet guidelines for the practical manage-
ment of canine leishmaniosis. Parasit Vectors. 2011;4:86. 
DOI:10.1186/1756-3305-4-86

Sonnberger BW, Graf B, Straubinger RK, Rackl D, Obwaller AG, 
Peschke R, et al. Vector-borne pathogens in clinically healthy mili-
tary working dogs in eastern Austria. Parasitol Int. 2021;84:102410. 
DOI:10.1016/j.parint.2021.102410

Steverding D. The history of leishmaniasis. Parasit Vectors. 
2017;10(1):82. DOI:10.1186/s13071-017-2028-5

Svobodova V, Svoboda M, Friedlaenderova L, Drahotsky P, Bohacova 
E, Baneth G. Canine leishmaniosis in three consecutive genera-
tions of dogs in Czech Republic. Vet Parasitol. 2017;237:122–124. 
DOI:10.1016/j.vetpar.2017.02.025

Szentkirályi S, Lőrincz F. Phlebotomus csípése által okozott különös 
dermatosisró. Orv Hetil. 1932;76:665–668.



19 /19

Wiener Tierärztliche Monatsschrift – Veterinary Medicine Austria 110 (2023)

Tánczos B, Balogh N, Király L, Biksi I, Szeredi L, Gyurkovsky M, et 
al. First record of autochthonous canine leishmaniasis in Hungary. 
Vector Borne Zoonotic Dis. 2012;12(7):588–594. DOI:10.1089/
vbz.2011.0906

Tomassone L, Berriatua E, De Sousa R, Duscher GG, Mihalca AD, 
Silaghi C, et al. Neglected vector-borne zoonoses in Europe: 
Into the wild. Vet Parasitol. 2018;251:17–26. DOI:10.1016/j.
vetpar.2017.12.018

Trájer AJ. Checklist, distribution maps, bibliography of the Hungarian 
Phlebotomus (Diptera: Psychodidae) fauna complementing 
with the climate profile of the recent sandfly distribution areas in 
Hungary. Folia Faun Slovac. 2017;22:7–12.

Trájer AJ, Sebestyén V. The changing distribution of Leishmania 
infantum Nicolle, 1908 and its Mediterranean sandfly vectors 
in the last 140 kys. Sci Rep. 2019;9(1):11820. DOI:10.1038/
s41598-019-48350-7 

Van der Auwera G, Davidsson L, Buffet P, Ruf MT, Gramiccia M, 
Varani S, et al. LeishMan Surveillance Network. Surveillance of 
leishmaniasis cases from 15 European centres, 2014 to 2019: 
a retrospective analysis. Euro Surveill. 2022;27(4):2002028. 
DOI:10.2807/1560-7917.ES.2022.27.4.2002028

Vaselek S, Ayhan N, Oguz G, Erisoz Kasap O, Savić S, Di Muccio T, 
et al. Sandfly and Leishmania spp. survey in Vojvodina (Serbia): 
first detection of Leishmania infantum DNA in sandflies and the first 
record of Phlebotomus (Transphlebotomus) mascittii Grassi, 1908. 
Parasit Vectors. 2017;10(1):444. DOI:10.1186/s13071-017-2386-z

Vaselek S. Canine leishmaniasis in Balkan – A review of occurrence 
and epidemiology. Acta Trop. 2021;224:106110. DOI:10.1016/j.
actatropica.2021.106110

Wall EC, Watson J, Armstrong M, Chiodini PL, Lockwood DN. 
Epidemiology of imported cutaneous leishmaniasis at the Hospital 

for Tropical Diseases, London, United Kingdom: use of polymer-
ase chain reaction to identify the species. Am J Trop Med Hyg. 
2012;86(1):115–118. DOI:10.4269/ajtmh.2012.10-0558

Walochnik J, Aspöck H. Pränatale, perinatale und neonatale 
Protozoen-Infektionen des Menschen: Überblick und aktuelle 
Probleme. In: Aspöck H, Hiepe TH, Köhler W, unter Mitarbeit 
von Walochnik J, editors. Pränatale, perinatale und neonatale 
Infektionen. Nova Acta Leopoldina. 2005;89(334):187–207.

Walochnik J, Aspöck H. Sandmücken, Leishmanien und 
Leishmaniosen – neue Dimensionen alter Krankheiten. In: 
Aspöck H, editor. Krank durch Arthropoden. Denisia 30, Linz: 
Biologiezentrum/Oberösterreichische Landesmuseen; 2010. p. 
673–694.

Wenyon CM. Oriental sore in Bagdad, together with observations on 
a gregarine in Stegomyia fasciata, the haemogregarine of dogs 
and the flagellates of house flies. Parasitology. 1911;4(3):273–344.

WHO - World Health Organization. Fact Sheet Leishmaniasis. 
2021 [cited 2022 Aug 25]. Available from: https://www.who.int/
news-room/fact-sheets/detail/leishmaniasis

WHO – World Health Organization. WHO guideline for the treatment 
of visceral leishmaniasis in HIV co-infected patients in East Africa 
and South-East Asia. 2022 [cited 2022 Dec 22]. Available from: 
https://www.who.int/publications/i/item/9789240048294

Wright JH. Protozoa in a case of tropical ulcer (“Delhi Sore”) J Med 
Res. 1903;10:472–482.

Zanet S, Sposimo P, Trisciuoglio A, Giannini F, Strumia F, Ferroglio 
E. Epidemiology of Leishmania infantum, Toxoplasma gondii, and 
Neospora caninum in Rattus rattus in absence of domestic reser-
voir and definitive hosts. Vet Parasitol. 2014;199(3–4):247–249. 
DOI:10.1016/j.vetpar.2013.10.023

Please cite as:
Kniha E, Aspöck H, Auer H, Walochnik J. Leishmania infections and 

Leishmania species in central Europe. Wien Tierarztl Monat – Vet 
Med Austria. 2023;110:Doc1. DOI: 10.5680/wtm000015

Copyright ©2023 Kniha et al. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution 4.0 
License. See license information at https://creativecommons.org/
licenses/by/4.0/


