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a b s t r a c t

Phlebotomine sand flies (Diptera: Phlebotominae) are vectors of human and animal pathogens, including
Leishmania species protozoan parasites and viruses of the genus Phlebovirus. In Europe, visceral zoonotic
leishmaniasis caused by Leishmania infantum, a deadly disease when left untreated, is endemic in
southern countries, and dogs are the main reservoir hosts for human infection. Most phleboviruses cause
asymptomatic infections or flu-like syndromes in humans, but Toscana phlebovirus can cause meningitis
and encephalitis. These diseases are likely to re-emerge, posing a growing threat to public and animal
health. Potential triggers include the movement of humans and dogs, increasing numbers of immuno-
suppressive conditions, climate change and other human-mediated environmental changes. An overview
of the main epidemiological characteristics of the pathogens transmitted by sand flies in Europe and the
potential triggers involved in their emergence and re-emergence are reviewed here. There is a need to
implement mandatory notification of human and canine leishmaniases and human phleboviruses and
coordinated epidemiological surveillance programmes at a European level, and to raise awareness among
healthcare professionals and citizens about sand fly-borne diseases, following a One Health approach.
© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Phlebotomine sand flies (Diptera: Phlebotomine) are present in
tropical/subtropical areas and temperate zones of the world
including southern Europe, Asia, Africa, Australia and the Americas.
About 1,000 species have been estimated to exist and a conserva-
tive approach to group them in genera recognizes Phlebotomus,
Sergentomyia, Chinius, Idiophlebotomus and Australophlebotomus in
the Old World and Lutzomyia, Brumptomyia, Hertigia and Warileya
in the NewWorld, with Phlebotomus and Lutzomyia being the main
genera with medical importance [1e3].

Sand flies are strictly terrestrial in all stages of their develop-
ment (egg, four larva instars, pupa and adult) and only females
require a blood meal to develop their eggs. The seasonal activity of
adults is affected mainly by temperature and rainfall, which in
temperate regions, such as Europe, triggers species to overwinter as
diapausing 4th instar larvae [1].

The importance of sand flies in Public and Animal Health is that
they are the vectors of Leishmania parasites, the causative agents of
leishmaniases [4]. These insects are also involved in the trans-
mission of several viral agents (genera Phlebovirus and Vesiculovirus
in the Old World and New World, and Orbivirus in the New World)
of biomedical importance [5], and are the vectors of the bacterium
Bartonella bacilliformis, which causes Carrion's disease in a limited
Andean region [6].

Over 21 species of Leishmania are recognized as pathogenic for
humans [7e9]. Clinical manifestations of leishmaniases are diverse,
although two main clinical forms are prevalent worldwide: (1)
visceral leishmaniasis (VL), also known as kala-azar, affecting
macrophage-rich tissues such as spleen, liver and bone marrow,
and which is fatal in most cases if left untreated; and (2) cutaneous
leishmaniasis (CL), the most common form of the disease charac-
terized by skin lesions on exposed parts of the body; this form is
benign but often leaves life-long disfiguring scars [4]. More than 98
countries and territories in four continents have reported endemic
transmission of leishmaniasis. According to the World Health Or-
ganization (WHO), about one billion people are at risk of con-
tracting the infection, and 50,000e90,000 new cases of VL and up
to one million of CL occur annually [10].

Sand fly-borne viruses have a worldwide geographic distribu-
tion. Most human infections appear to be subclinical, but when
symptomatic their clinical spectrum varies from a self-limited
febrile illness (’3-day fever’, ‘Pappataci fever’ or ‘sand fly fever’) or
formation of vesicles on the oral mucosa, lips and nose (vesicular
stomatitis), to involvement of the peripheral and central nervous
systems (summer meningitis and Chandipura virus encephalitis)
[5]. The worldwide incidence of viruses transmitted by sand flies is
unknown, but it is estimated that in theMediterranean area at least
250 million people are exposed to phlebovirus infections [11].

Transmission of different pathogens by the sand fly to the
vertebrate host is biological. Transmission of Leishmania parasites
occurs when an infected female, during a new blood meal, in-
oculates the infective metacyclic promastigotes into the vertebrate
host [12].

Viruses, in addition to horizontal transmission, can be trans-
mitted venereally and transovarially by feeding on an infected
sugar source or by co-feeding [13e19].

According to their ability to support late-stage development of
different Leishmania species under experimental conditions, sand
flies have been classified into three categories: (1) specific or
restrictive vectors, when they display strict specificity for Leish-
mania species, as is the case of Phlebotomus papatasi and Para-
phlebotomus sergenti, which, respectively, support late-stage
development of Leishmania major (the aetiological agent of zoo-
notic CL in the Old World) and Leishmania tropica (the aetiological
7

agent of anthroponotic [ie, transmissible from humans to humans]
CL in the Old World); (2) permissive vectors, when they support
late-stage development of multiple Leishmania species, as is the
case of most Phlebotomus and Lutzomyia species, and can act as
potential vectors of several parasite species, thus facilitating the
establishment of new foci of leishmaniasis; and (3) refractory
species, which do not support the development of Leishmania
parasites [12]. On the other hand, sand fly species seem to be
permissive to the development of different viruses [20,21].

2. Sand fly-borne pathogens in Europe: an epidemiological
overview

Zoonotic VL and CL caused by Leishmania infantum are endemic
in southern European countries and dogs are the main and reser-
voir hosts for human infection [22]. Parasites are transmitted by
several Phlebotomus species mainly belonging to the subgenus
Larroussius (eg, Phlebotomus ariasi, Phlebotomus perniciosus, Phle-
botomus tobbi) [12]. L. infantum is considered the only autochtho-
nous (ie, locally acquired) species in Europe in the first decade of
the 21st century, except for sporadic cases of local transmission of
anthroponotic CL caused by L. tropica and of VL and CL caused by
Leishmania donovani (the aetiologic agent of anthroponotic VL and
of post-kala-azar dermal leishmaniasis, a sequela of VL, in East
Africa and the Indian subcontinent) in Greece [23] and Cyprus [24],
respectively. The estimated number of VL and CL cases in the WHO
European Region is 1,100�1,900 and 10,000�17,000 cases per
100,000 population, respectively [25].

The presence of L. infantum parasites in dogs can range from a
chronic infection without clinical signs, lasting several years, to a
very serious illness that can quickly progress to death [26]. In fact,
subclinical infections are much more frequent than clinical disease,
with canine seroprevalence of Leishmania in southern European
countries being estimated to be between 5% and 30% [27].

Humans are accidental hosts of L. infantum and the risk of
infection depends on the number of infected animal reservoir hosts
and vectors living close to humans. Until the second half of the 20th
century VL was mainly a paediatric disease (with the most affected
age group being 0e5 years); this declined in numbersmostly due to
socioeconomic changes favouring better nutrition and housing
[28]. In the early 1990s, the disease gained attention due to the
impact of co-infections with L. infantum and human immunodefi-
ciency virus (HIV), with most cases reported in adults from
southwestern countries [29]. By the end of the 1990s, the
L. infantum/HIV epidemic peak had declined due to the introduction
of highly active antiretroviral therapy, and currently most VL cases
occur in adults, with an increasing number in immunosuppressed
patients due to co-morbidities or therapies [22].

Zoonotic VL is a rural disease in areas and villages with vege-
tation, where many people have dogs and other domestic animals
close to the main habitation attracting sand flies and permitting
their breeding and resting. Transmission takes place microfocally
due to the opportunistic behaviour of Phlebotomus (Larroussius)
species [30]. However, in recent years the urbanization of leish-
maniasis associated with an increasing number of peri-urban res-
idential settlements, providing natural habitats for sand flies, and
the increased number of dogs in urban areas, including stray dogs,
representing an easy source of blood for sand flies, has facilitated
the establishment of Leishmania in peripheral areas in southern
European countries [28].

Notification of VL is mandatory in endemic countries, except for
France and Serbia, and underreporting is considered low because
due to its clinical severity, cases are treated in hospital [28,31]. CL is
not notifiable in all endemic countries (eg, France, Portugal, Serbia)
and in countries in which it is notifiable, it is highly underreported
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because due to the benignity and self-resolution of the lesions, most
patients are frequently treated at primary health centres andprivate
clinics [28,31,32]. Notification of canine leishmaniasis (CanL) is also
mandatory in most endemic countries, apart from France, Romania
and Serbia, but in some countries this obligation is only applicable to
specific regions (eg, Spain) or restricted to cases diagnosed by
municipal veterinarians (eg, Portugal) [28,31]. Furthermore,
reporting of leishmaniasis inwild animals is alsomandatory in some
countries. Nonetheless, all countries must report human leish-
maniasis cases to the WHO and animal leishmaniasis cases to the
World Organisation for Animal Health (WOAH) [28].

Between 2005 and 2020, 17 endemic European countries re-
ported a total of 8,367 human leishmaniasis cases to the WHO:
5,813 were VL cases, of which 94% were autochthonous, and 2,554
were CL cases, of which 53% were imported [22]. In this period, the
overall cumulative incidence of VL per 100,000 inhabitants ranged
from 2.15 in Albania to 0.002 in Ukraine. The highest cumulative
incidence of CL was 0.95 in Malta and it was not reported in
Montenegro, North Macedonia and Serbia. In addition to the fact
that the number of years inwhich VL and CL cases were reported to
the WHO varied substantially, there was a large discrepancy be-
tween these numbers and those obtained through hospital dis-
charges available for some of the endemic countries; according to
hospital discharges, the estimated incidence of human leishmani-
asis was 0.70 in Italy and the incidences of VL were 0.67 in Spain
and 0.41 in Portugal, compared with incidences of 0.16, 0.45 and
0.09 obtained with cases reported to the WHO [22].

Between 2005 and 2020, eight endemic countries reported
4,203 cases of animal leishmaniasis to the WOAH: 4,183 cases in
dogs and 20 in wild animals, which was substantially lower than
the number of countries that reported autochthonous L. infantum
infections in dogs and/or other animals in scientific studies pub-
lished between 2009 and 2020 [22,28].

These data emphasize that hospital discharge databases provide
the most accurate information on VL and that underreporting of CL
and CanL remains high, reinforcing the need to improve notifica-
tion systems at the European level [22,28]. Furthermore, there is no
evidence that the spatial and temporal distribution of leishmaniasis
in Europe has dramatically changed in recent years, although vet-
erinary and public health authorities in some countries consider it
an emerging disease, whether at national or regional level [22,31].

Sand fly-borne viruses present in Europe are grouped into the
Phlebovirus genus with populations living in, or travelling to,
southern Europe facing a higher lifetime risk of infection [11,33].
Most human infections with circulating phleboviruses are asymp-
tomatic or show influenza-like syndromes, but Toscana phlebovi-
rus is of public health concern, as outbreaks and sporadic cases of
acute meningitis or meningoencephalitis have been reported dur-
ing the warm season in endemic regions of the Mediterranean
Basin [5,11]. None of the phleboviruses transmitted by sand flies are
notifiable. In epidemiological surveys carried out in Europe,
neutralizing antibodies against Toscana phlebovirus were detected
in up to 52% (271/479) of human residents of Cyprus [5] and in up to
8.4% (31/369) of the Cypriot canine population [36], while the
prevalences of the Sicilian phlebovirus was up to 32% (155/479) in a
normal human population in Cyprus [5] and 71.9% (852/1185) in
Greek dogs [36], demonstrating the high level of exposure of
vertebrate hosts to these viruses [34e43].

3. Sand fly-borne pathogens in Europe: triggers to their
emergence and re-emergence

Transmission of sand fly-borne pathogens is dynamic and their
epidemiological complexity in Europe is likely to increase, posing a
growing threat to human and animal health. Potential triggers
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include an increasing number of immunosuppressive conditions,
the geographic spread of vectors, climate change, human-mediated
environmental changes, identification of potential new reservoir
hosts and vector species and the risk of introducing and spreading
infections by non-endemic Leishmania species associated with
increased movement of people and animals through tourism and
migration.

3.1. Increasing number of susceptible populations

Following the global trend, the number of populations
susceptible to infections due to immunosuppressive factors, co-
morbidities and ageing is likely to increase in Europe. Further-
more, asymptomatic L. infantum infections are common in humans,
with an infection prevalence of up to 47% in carriers in southern
Europe [44,45]. Therefore, the risk of re-emergence of leishmani-
asis associated with increased clinical susceptibility to primary
infections or reactivation of latent infections should not be
neglected [30,46]. In fact, the number of VL cases in the elderly,
probably associated with the impact of immunosenescence, is
increasing the risk for other diseases. Likewise in adults medically
immunosuppressed by chemical or biological drugs used for organ
transplantation, autoimmune diseases or cancer or presenting with
immunodeficiencies who live in or travel to endemic countries
[28,47].

3.2. Climate change

Leishmaniases are considered climate sensitive diseases, and
changes in mean annual temperature and humidity may have
direct effects on the ecology of sand flies by altering their
geographic distribution and influencing their survival, generation
time and population sizes [30].

In Europe, sand fly species are mostly confined to the Mediter-
ranean countries, but the increase in global average temperature
has resulted in the geographic expansion of competent vector
species to more northern latitudes and to higher altitudes [48e55].
The presence of vectors in new locations and at higher latitude
ranges has changed the distribution of L. infantum infection, leading
to the emergence of new disease foci in endemic countries, as
shown through investigations involving canine serosurveys and
sand fly monitoring in the north of Italy [56] and in northeast Spain
[57,58]. In addition, L. infantum local transmission appears to be no
longer limited to endemic countries, as autochthonous human and
canine cases have been reported in countries considered non-
endemic, such as Germany [51] and Romania [59].

The ability of a virus to be transmitted by different sand fly
species may facilitate its expansion to new regions where the
vectors exist [60], as recently suggested by the detection of sup-
posedly autochthonous meningoencephalitis cases caused by
Toscana phlebovirus in southwest Germany [61].

Climate change can also alter the prevalence of leishmaniasis in
endemic regions by influencing the bioecology and vectorial ca-
pacity of sand flies [30,46]. Temperature changes may have a direct
effect on the developmental cycle of the parasite (ie, extrinsic in-
cubation period) in sand flies; experimental evidence suggests that
exposure of vectors to a broad range of temperatures compatible
with sand fly survival does not inhibit the development of meta-
cyclic promastigotes (ie, the infective parasite stage to the verte-
brate host) [62]. Environmental variations may also have indirect
impacts on the distribution and seasonal dynamics of vector spe-
cies; in Mediterranean areas where the mean annual temperature
remains higher for longer, the period of activity of proven vectors of
L. infantumwas longer and their density and number of generations
were found to be higher [63].
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3.3. Human-made environmental changes

Environmental changes induced by humans can also influence
the epidemiology of leishmaniasis, as observed in Fuenlabrada, a
city near Madrid, in Spain, where 446 cases of human leishmaniasis
(160 VL and 286 CL) were diagnosed between 2009 and 2012,
mainly in immunocompetent adults lacking acquired immunity to
the parasite [64]. The area had long been known to be endemic for
L. infantum, with sporadic human cases and a low prevalence in
dogs. This outbreak, the largest to have occurred in Europe, was
related to the construction of a peri-urban green park enclosed by
roads, houses and other infrastructure. The construction of the park
allowed hares, and to a lesser extent rabbits, to multiply in the
absence of predators and to become a major blood source for the
local competent vector P. perniciosus, leading to the establishment
of a new sylvatic/peri-domestic transmission cycle, with lago-
morphs as themain reservoir hosts for L. infantum parasites [65,66].
3.4. Identification of potential new reservoir hosts

A Leishmania reservoir host must be susceptible to the parasite
and infection should be long-lasting to increase the chance of
parasites being transmitted to the vector; it should live in close
contact with humans and vectors and should be a good source of
parasites to the vectors [4]. As previously mentioned, domestic
dogs are the main reservoir hosts of L. infantum; however, a role for
wild and other domestic animals in the epidemiology of this
Leishmania species has been suggested [67]. Among these, special
attention should be given to synanthropic species present in high
numbers and for which measures to control or avoid contact with
sand fly vectors are limited or absent, namely domestic cats and
urban rats.

The increasing tendency of domestic cats to be considered po-
tential reservoir hosts of the parasite is based on: (1) their sus-
ceptibility to infection and, in some cases, to the development of
clinical disease, which was demonstrated by the high prevalence of
exposed cats infected with the parasite; (2) because they are a
frequent source of blood for vectors, as revealed by the analysis of
the blood sources of sand flies, and by demonstration, through
detection of antibodies against the saliva of P. perniciosus, that in
endemic areas cats are bitten frequently by sand flies; (3) their
ability to present parasites in an available form (ie, in blood and
skin) to be transmitted to vectors (ie, infected cats are infectious for
sand fly vectors as proven by xenodiagnoses) [68].

The involvement of rodents in the zoonotic transmission of
L. infantum in urban environments is suggested by the high prev-
alence of infection found in populations of Norway rats (Rattus
norvegicus) and P. perniciosus present in the underground sewers of
Barcelona (Spain) [69]. Thus, sewage systems in cities appear to
offer ideal breeding and resting places for rats and sand flies,
allowing intense contact between them, which facilitates the cir-
culation of L. infantum parasites and increases the risk of their
transmission to other vertebrate hosts that are close to sewers.
3.5. Identification of potential new sand fly vectors

The rigorous incrimination of a sand fly species as a vector is
based on five criteria [4,70], but due to the difficulty of complying
with some of them, as they depend on the establishment of labo-
ratory sand fly colonies, the inclusion of a species as a proven or
suspected vector has three minimum requirements [2]: (1) it must
feed on humans; (2) it must support natural infections with para-
sites of the same Leishmania species that infect humans; and (3) it
must have a strong ecological association, including seasonality,
9

with humans, indicated by the overlap of their geographic distri-
bution and human disease.

As previously mentioned, in Europe L. infantum parasites are
transmitted by Phlebotomus species belonging mainly to the sub-
genus Larroussius; however, there is evidence that other sand fly
species belonging to other genera [71] and subgenera, namely
Sergentomyia minuta and Phlebotomus (Transphlebotomus)mascittii,
may be involved in its circulation.

Sand flies of the genus Sergentomyia are widely distributed in
the Old World, being present at high densities in many of the
endemic foci of leishmaniasis [3]. Originally, they were assumed to
feed only on reptiles and therefore considered to transmit only
Leishmania parasites of the subgenus Sauroleishmania. However, it
has been shown that S. minuta (a species present in the Mediter-
ranean basin) feeds on mammals, and Leishmania species patho-
genic to humans and animals (namely L. infantum and L. major)
have been detected by molecular testing in specimens captured in
southern Europe [72e75].

P. mascittii is the northernmost and most widely distributed
sand fly species in Europe [12,76]. Although this species is generally
regarded as cavernicolous, it was recently recorded in microhabi-
tats near domestic animals and human dwellings. Its involvement
in the transmission of L. infantum is suggested because the para-
site's DNA has been detected in specimens collected in Austria and
Italy and some supposedly autochthonous cases of leishmaniasis in
humans and animals have been described in regions where it was
the only species of sand fly present.

Therefore, there is increasing evidence of the involvement of
these two sand fly species (S. minuta and P. mascittii) in the circu-
lation of mammalian parasites. This, combined with the growth in
the number of Leishmania reservoir hosts due to travel and
importation of dogs in areas considered non-endemic [77] but
where these two species of sand flies are present, reinforces the
importance of investigating their vectorial competence with regard
to: (1) their capacity to support the development of metacyclic
promastigotes after the digestion of an infectious blood meal; and
(2) their ability to transmit the parasite through biting to a sus-
ceptible host [71].

3.6. Identification of novel phleboviruses

The genetic diversity within the Phlebovirus genus is greater
than initially anticipated [5], as demonstrated by the increasing
number of novel viruses detected in the last decade in Europe. This
is exemplified by the detection in sand flies of Fermo phlebovirus in
Italy [78] and of Alcube virus and Arrabida virus in Portugal [79,80],
and reports of fever syndromes caused by Cyprus virus [81] and
Adria virus [82]. The emergence of new species and variants,
associated with the propensity of segmented RNA viruses for ge-
netic reassortment or recombination, may pose a risk to public and
animal health [83].

3.7. Risk of introduction of exotic Leishmania species

In addition to the current distribution of leishmaniases in
Europe, consideration should be given to the risk of introduction of
non-endemic Leishmania species. The risk depends on contact be-
tween infected hosts and sand flies, the potential role as reservoir
hosts played by infected humans or animals and the vector
competence of European sand flies for the dispersal of introduced
Leishmania strains/species [2,46,84,85].

This scenario is very likely due to the combined effects of
globalization associated with tourism and the movement of mi-
grants, as exemplified by the diagnosis of imported VL and CL
caused by various Leishmania species of the Old World and New



C. Maia Journal of Comparative Pathology 209 (2024) 6e12
World in 15 European laboratory centres [86] and by the compre-
hensive review of imported human leishmaniasis cases diagnosed
globally between 2000 and 2021 [47]. The risk of introduction
seems to be higher for Leishmania species of anthroponotic trans-
mission, such as L. tropica and L. donovani.

In the case of L. tropica, the wide geographic distribution of its
proven vector, P. sergenti, in southern Europe may give rise to new
endemic foci through the introduction of infected humans to areas
where this sand fly species is present. It should be noted that the
development of L. tropica, under experimental conditions, in other
sand fly species present in Europe, namely in P. perniciosus and in
P. tobbi, and the ability of the former to transmit viable parasites to a
vertebrate host, has recently been demonstrated by xenodiagnosis
assays, supporting the hypothesis that in certain epidemiological
situations, Larroussius species may play the role of occasional
L. tropica vectors [87,88].

Establishment of the L. donovani cycle in Europe through the
introduction of infected humans is also a possibility, due to the
wide geographic distribution of Phlebotomus (Larroussius) species
permissive to the parasite [12,89]. Available information shows an
increase in the number of imported VL cases caused by L. donovani
in endemic and non-endemic European countries associated with
increased human travelling and migration [47]. However, differ-
entiating species from the L. donovani complex (composed of
L. infantum and L. donovani sensu stricto [s.s.]) based on genetic
analysis is a challenge and may lead to unnoticed spread of
L. donovani s.s. Into new areas, as recently suggested to have
occurred in Turkey [90].

Although the risk of establishment of L. major in Europe is
considered low, as its gerbillid reservoir hosts are not present on
the continent, this assumption has recently been challenged, as
voles of the genus Microtus have been implicated as L. major
reservoir hosts in a CL focus in northern Israel [91]. As such, there is
the possibility that L. major, having adapted to voles, could spread
north into Turkey and southern Europe, where these putative
reservoir hosts and their proven vector, P. papatasi exist in sym-
patry. In fact, L. major DNA was recently identified in the spleen of
an Apodemus species in a Turkish province [92], reinforcing the
view that the geographic spread of this Leishmania species is a
probability, given that species of murid rodents of the genus Apo-
demus, which are widespread throughout southern European
countries (eg, the European wood mouse [Apodemus sylvaticus]),
could facilitate its dissemination. Interestingly, the presence of
L. major has already been reported in Portugal through detection of
its DNA in a sand fly female of the species S. minuta [73] and in a
young stray cat [93], suggesting that this species is already in cir-
culation in Europe.

The introduction of exotic Leishmania species or strains in areas
of Europewhere the vectors arewell established and circulating the
local parasites, may increase the chance of genetic exchange be-
tween them [12]. As a result, new hybrids could be generated
characterized by different infectivity for sand fly species or different
pathogenicity for the vertebrate hosts, a situation already evi-
denced with L. infantum/L. major hybrids [94].
4. Conclusion

The epidemiological complexity of sand fly-borne infections in
Europe is changing and likely to increase, as suggested by the dis-
covery of new pathogens, new potential reservoir hosts and vec-
tors, new cycles of transmission, the geographical spread of
endemicity and the increase of susceptible populations. Global
phenomena influencing these changes include anthropogenic fac-
tors associated with climate and human-made changes and
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increased movements of animals and people through tourism and
migration.

The challenges and threats identified reinforce the need to
implement mandatory notification of human and canine leish-
maniases and phleboviruses in endemic and non-endemic coun-
tries, and coordinated epidemiological surveillance at European
level, including monitoring the distribution of sand flies and
detection of the agents transmitted by them, both in vectors and in
vertebrate hosts. Finally, it is important to increase awareness
among healthcare professionals and the public about diseases
transmitted by sand flies, following a One Health approach.
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