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Phlebotomine sandflies are known to transmit leish-
maniases, bacteria and viruses that affect humans
and animals in many countries worldwide. These
sandfly-borne viruses are mainly the Phlebovirus, the
Vesiculovirus and the Orbivirus. Some of these viruses
are associated with outbreaks or human cases in the
Mediterranean Europe. In this paper, the viruses trans-
mitted by Phlebotomine sandflies in Europe (Toscana
virus, Sicilian virus, sandfly fever Naples virus) are
reviewed and their medical importance, geographical
distribution, epidemiology and potential spreading
discussed. Data on vertebrate reservoirs is sparse for
sandfly fever viruses. The factor currently known to
limit the spread of diseases is mainly the distribution
areas of potential vectors. The distribution areas of
the disease may not be restricted to the areas where
they have been recorded but could be as wide as
those of their vectors, that is to say Larroussius and
P. papatasi mainly but not exclusively. Consequently,
field work in form of viral isolation from sandflies
and possible reservoirs as well as laboratory work to
establish vectorial competence of colonised sandflies
need to be encouraged in a near future, and epidemio-
logical surveillance should be undertaken throughout
the European Union.

Introduction

During the last decade, several cases of infections due
to Toscana virus have been recorded in Europe (ltaly,
France, Spain, and Portugal). A few studies focusing
on the viruses transmitted by Phlebotomine sandflies
have been carried out. This review summarises the
data related to arthropod-borne viruses transmitted by
Phlebotomine sandflies in Europe.

Phlebotomine sandflies are the vectors of the
Leishmania, pathogens that cause diseases called
leishmaniases in more than 8o countries in the Old and
New World. Sandflies are also vectors of other human
pathogens such as Bartonella and viruses belonging
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to three different genera: (i) the Phlebovirus (family
Bunyaviridae) including sandfly fever Sicilian virus,
sandfly fever Naples virus, Toscana virus and Punta
Toro virus; (ii) the Vesiculovirus (family Rhabdoviridae)
including Chandipura virus [2-3] and (iii) the Orbivirus
(family Reoviridae) including Changuinola virus [1].
The latter viruses have been associated with sev-
eral outbreaks in humans. Further less important
viruses have also been found in Europe. Chios virus
was isolated from a human case of severe encepha-
litis (Papa and Pavlidou, personal communication)
in Greece and additionally three other viruses were
isolated from Phlebotomine sandflies: Corfou virus
from Phlebotomus (Larroussius) neglectus, in Greece
[4], Massilia virus from P. (L.) perniciosus, in France
[5] and Arbia virus from P. (L.) perniciosus and from
P. (L.) perfiliewi in ltaly. However, so far there are no
reports of human disease from these viruses.

Little is known about the viruses transmitted by
Phlebotomine sandflies and they can be, to our opin-
ion, considered as neglected pathogens. However, the
Toscana virus, sandfly fever Naples and Sicilian viruses
are endemic in the Mediterranean region and could
spread to more temperate areas in Europe where vec-
tors are abundant. Moreover, other viruses transmitted
by sandflies and circulating in India may be imported
into Europe by introduction of viremic patients empha-
sising the need to consider these viruses relevant from
a European public health perspective.

Clinical picture and geographical
distribution

Sandfly fever Sicilian and Naples

virus infections

Sandfly fever Sicilian and Naples virus and other
related viruses cause the “three-day fever” or “pap-
atacci fever”. Patients present with influenza-like
symptoms including fever, retro-orbital pain, myalgia
and malaise and usually recover fully within a week.



However, infections with sandfly fever Naples and
Sicilian viruses, even when mild, have shown to be
highly incapacitating for the time patients are affected.

The human cases and some virus isolation from sand-
flies were reported around the Mediterranean Sea
(Figure 1) in Algeria [6], Cyprus [7, 8], Egypt [9], Iran
[9-11], Israel [12], Italy [13], Jordan [14] and Portugal
[15]. An earlier review based on serological data,
without virus isolation and characterisation, indi-
cated that sandfly fever Sicilian or Naples viruses
have been recorded in Bangladesh, Djibouti, Ethiopia,
Irag, Morocco, Saudi Arabia, Somalia, Sudan, Tunisia,
southern and central Asian republics of the former
Soviet Union, and the former Republic of Yugoslavia
[16]. The same study showed the absence of neutralis-
ing antibodies in humans in Algeria, central Africa and
eastern Asia [16].

Sandfly fevers were first described in Italy, in 1943-
1944 during outbreaks of influenza-like illness among
United States (US) soldiers due to Sicilian and Naples
viruses [16]. Human cases are often found in people
visiting Mediterranean countries. A total of 37 cases of
sandfly fever Sicilian virus infections and one case of
sandfly fever Naples virus infection were recorded in
Swedish tourists returning from Cyprus between 1986
and 1989. In 1985, the incidence was low (0.3%) among
members of Swedish troops stationed in Cyprus [17].
More recently, a 2002 outbreak affecting 256 among
581 Greek soldiers stationed in Cyprus showed increas-
ing incidence (44%) for infections with sandfly fever
Sicilian virus [8].

Toscana virus infections

Many infections with the Toscana virus are asymp-
tomatic. Reported clinical cases mostly present with
influenza-like symptoms, but the virus displays a
strong neurotropism. Outbreaks of acute meningitis or
meningo-encephalitis due to infections with Toscana
virus have been reported in several European countries
bordering the Mediterranean Sea: (Italy, France [18-25],
Spain [26-30] and Portugal [31]).

FIGURE 1

Seroprevalence studies in Italy, show large variations
ranging from 3% in northern Italy (Torino) [32], to
16% in Umbria [33] and 22% in central Italy. The virus
is widespread in several regions including Tuscany,
Piedmont, the Marches, Umbria and Emilia-Romagna.

In Spain, the seroprevalence rate is higher and ranges
from 5% [27] to 26% [26]. However, the large differ-
ence in prevalence observed between the two sur-
veys might be related to the fact that the authors did
not use the same serological tests [21]. In France, the
seroprevalence observed recently was 12% in a survey
using blood from donors in south-eastern France [21].
In Turkey [34], a pilot study reports also positive serol-
ogies for sandfly fever Toscana, Naples and Sicilian
viruses.

In Italy, from May to October, Toscana virus is a major
cause of meningitis and meningo-encephalitis with
a peak of incidence in August. During this period it
causes 80% of cases in children and 50% of cases in
adults [32, 33]. Toscana virus is among the three most
prevalent viruses associated with meningitis during the
warm season. Therefore, Toscana virus must be con-
sidered as an emerging pathogen in the Mediterranean
basin [19] and significant public health issue in Europe.

Chandipura virus infections

Outside of Europe, epidemics of acute encephalitis
characterised by rapid onset of fever and central nerv-
ous system involvement with high case fatality rate
were reported in Asia [35, 36]. These outbreaks were
caused by the highly pathogenic Chandipura virus,
a Vesiculovirus of the Rhabdoviridae family origi-
nally isolated in India from a patient [2]. To date, no
human cases have been reported in Europe and Africa,
although Chandipura virus has been isolated in Nigeria
from hedgehogs (Atelerix spiculus) [37]. The fact that
no human cases have been reported from there so far
may reflect a lack of specific testing for Chandipura
virus.

Distribution of (a) Toscana, (b) Sicilian, and (c) Naples viruses in the European Union and neighbouring countries around

the Mediterranean Sea up to 2009

Countries with confirmed cases are depicted in mid grey, the estimated distribution limits are depicted with a dark grey line.
Source: V-borne project; reproduced with permission from the European Centre for Disease Prevention and Control.
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Among the nine species of the genus Vesiculovirus,
Chandipura virus should be considered of great public
health importance. Conducting surveys on Chandipura
virus in the south of Europe and along the south-east-
ern European borders is necessary to anticipate an
introduction of the virus into Europe from Asia and/or
Africa.

FIGURE 2

Neighbour-joining tree based on nucleotide sequences
of the large segment encoding the viral polymerase with
bootstrap values (%) calculated with 500 replicates.
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FIGURE 3

Transmission

Genus Phlebovirus

This genus contains the majority of known sandfly-
borne viruses. Many serotypes have been character-
ised in the Americas from sandflies belonging to the
genera Lutzomyia sensu lato, and in Africa, Europe and
Central Asia mainly from Phlebotomus and also from
Sergentomyia.

According to the eighth Report of the International
Committee on Taxonomy of Viruses [37], the genus
Phlebovirus can be divided into nine antigenic com-
plexes and includes 37 classified viruses. Further 16
virus serotypes are unclassified and are considered
to be tentative members of the genus. Current knowl-
edge suggests that many of the phleboviruses are
maintained in their arthropod vectors by vertical (tran-
sovarial) transmission and that vertebrate hosts play
little or no role in the basic maintenance cycle of these
agents [1]. This maintenance mechanism has impor-
tant ecological implications for the phleboviruses, as it
allows them to persist during periods when adult vec-
tors are absent or when susceptible vertebrate hosts
are not available.

Sandfly fever Sicilian virus

This virus has been isolated in natura [39] and in
vitro [40, 41] from P. papatasi captured from the
Mediterranean basin to Central Asia. It has also
recently been isolated in natural conditions from
P.(L.)ariasiin Algeria [6]. In some parts of its distribution
area such as Cyprus where a local strain, Cyprus virus,
has been isolated from Swedish troop members [7],

Distribution of main vectors in the European Union and neighbouring countries around the Mediterranean Sea up to 2009

From left to right and from top to bottom: (@) Phlebotomus papatasi, (b) P. perniciosus, (c) P. ariasi, and (d) P. perfiliewi s. st.
Countries with confirmed presence are depicted in mid grey, estimated distribution limits are depicted in dark grey.
Source: V-borne project; reproduced with permission from the European Centre for Disease Prevention and Control.
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P. papatasi is an abundant species [42] and could be a
suspected vector. However, in Italy P. papatasi is now
scarce whereas it was abundant before DDT was used
in the 1940s and cannot be a candidate for the trans-
mission of sandfly fever Sicilian virus. Autochtonous
Phlebotomus belonging to the subgenus Larroussius
(P. perniciosus, P. perfiliewi and P. neglectus) seem to
be better candidates for its transmission. In Greece, a
closely related virus called Corfou virus has been iso-
lated from P. (Larroussius) neglectus [4].

Different vertebrate species including rodents
(Apodemus spp., Mus musculus, Rattus rattus,
Clethrionomys glareolus, Meriones libycus, Gerbillus
aureus), insectivora (Soricidae and Talpidae) and car-
nivora (Mustela nivalis) may participate to the mainte-
nance of Sandfly Sicilian virus life cycle [43-46].

The virus is endemic in Europe and currently there
are no known reasons why it would not extend over
the entire distribution range of the vectors. Its further
spread could follow a wider distribution of the vector
and/or the reservoirs taking into account the unknown
potential impact of climatic shifts on the development
of the virus in the vector. Future studies will have to
determine (i) the distribution and prevalence of the dis-
ease according to serological studies in the European
Mediterranean region, (ii) the vector competences and
capacities of local sandfly species, (iii) the tempera-
tures required for viral replication in infected sandflies
in order to evaluate the risk of development in local
vectors, and field work will have to be performed in
foci where human cases, infected animal reservoirs
and infected sandflies occur.

Sandfly fever Naples virus

The virus has been isolated in Italy from P. perniciosus
[47], in Serbia from P. perfiliewi [48] and in Egypt from
P. papatasi [49]. The area in which a stable focus is
recorded has been delimited to Serbia [50]. Reservoirs
for Sandfly fever Naples virus are unknown. An impor-
tant seroprevalence rate of 30% has been recorded in
Jordan [14]. Because the identity of the virus cannot
be assessed with certainty, the virus could circulate
in Turkey [51]. Future investigations similar to those
developed for Toscana virus need to be carried out to
gain better understanding of the potential spread of
the virus.

Toscana virus

The distribution of Toscana virus includes Spain,
France, Italy, Greece, Cyprus [19], Portugal [30], and
Turkey [38] and it has been isolated several times from
P. perniciosus and P. perfiliewi belonging to the sub-
genus Larroussius. Transovarial transmission has been
demonstrated in laboratory conditions and by viral iso-
lation from male Phlebotomus spp. Venereal transmis-
sion from infected males to uninfected females has also
been demonstrated [52]. It is suggested that the res-
ervoir of Toscana virus is most likely the vector itself.
However, a progressive decline of vector infected rates

from generation to generation, suggests that this virus
cannot be maintained indefinitely by vertical transmis-
sion [53-55]. Consequently, the existence of reservoirs
has to be considered. Serological data have shown no
evidence of infection among domestic or wild animals.
However, a Toscana virus strain was isolated from the
brain of the bat Pipistrellus kuhli [56]. The viral genome
detection of Toscana virus in Sergentomyia minuta [57],
a species considered as feeding exclusively on lizards
and geckos, points towards the possible existence of
unknown reservoirs. The short duration of viraemia,
and the lack of evidence for a persistent infection in
humans, compromises the participation of humans in
the maintenance of the virus.

The geographical extension potential of Toscana virus
is high in Europe. At this time numbers of endemic foci
of the virus have been identified in different neigh-
bouring countries (Spain, France, Italy) and potential
vectors are widely dispersed. However, a rapid spread-
ing of the virus is unlikely due to the lack of evidence
of animal reservoir. Humans may favour viral trans-
portation but the shortness of viraemia may limit an
efficient transmission to naive vectors. Moreover, the
potential impact of climatic shifts on the vector com-
petence is unknown. Similarly as for the two viruses
mentioned above, future studies - both field work and
experimental - will have to determine the distribu-
tion and prevalence of the disease caused by Toscana
virus based on serological investigations around the
European Mediterranean region, the vector compe-
tences and capacities of local sandfly species (in par-
ticular P. ariasi and P. perniciosus), the temperatures
required for viral replication in infected sandflies and
the possible impact of climate change on the potential
spread in Europe.

Massilia virus, phlebovirus isolate

and Punta Toro virus

The recent isolation of Massilia virus - a new
Phlebovirus - from P. (L.) perniciosus in south-east-
ern France [5], emphasised the necessity of perform-
ing field studies to anticipate the possible eruption in
humans of this new virus. Furthermore, the isolation of
a probable new Phlebovirus from a sandfly (Figure 2) in
southern France during the summer 2007 increases the
number of phleboviruses and the potential pathogens
for humans. This highlights the need to carry out new
investigations in Europe taking into account the vari-
ability of phleboviruses [58].

The distribution area of Punta Toro virus is limited to
Central America where it is transmitted by Lutzomyia
(Nyssomyia) trapidoi and L. (Ny.) ylephiletor. The taxo-
nomic status of these vectors has to be clarified in the
light of an entomological revision. Even if the subgenus
Nyssomyia has never been recorded in the West Indies,
some species belonging to it have been recorded in
French Guyana such as L. anduzei, L. flaviscutellata,
L. umbratilis, L. yuilli pajoti [59]. These sandfly spe-
cies could be considered as possible candidates for
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native transmission in the overseas territories of the
European Union (EU) which are important leisure desti-
nations during local dry seasons. Whereas importation
of Punta Toro virus in European countries is unlikely,
the possible emergence of the virus will highlight the
importance to have the capacity to diagnose etiologi-
cally any imported febrile syndromes in tourists return-
ing from these areas.

The main natural Phlebotomus vectors seem to belong
to the subgenus Larroussius. The vectors of the main
phleboviruses in the eastern part of the Mediterranean
basin are not known: in Turkey, P. perniciosus and
P. ariasi are not recorded (figure 3). However, it appears
difficult to assess a co-evolution between viruses
and sandflies within the subgenus Larroussius: the
isolation of viruses (or viral RNA) in P. papatasi or in
Sergentomyia spp. strongly suggests the capture of the
viruses by Phlebotomine sandflies.

Genus Vesiculovirus

Chandipura virus

Under laboratory conditions, P. papatasi is an effi-
cient reservoir for the virus, showing growth, and
venereal and transovarial transmission [60, 61]. The
experimental transmission of Chandipura virus by
P. (Euphlebotomus) argentipes has been recently dem-
onstrated [62]. In natural conditions, it has been iso-
lated from a pool of 253 unidentified Phlebotomine
sandflies (Phlebotomus spp.) in the Maharashtra State
of India [63] and from unidentified Sergentomyia in
the Karimnagar district in Andhra Pradesh, India [64].
Four strains have also been isolated from batches of
sandflies from Senegal, belonging probably to the
genus Sergentomyia [65, 66]. These data show a wide
distribution of the virus and the capacity of two gen-
era of sandflies namely Phlebotomus (subgenera
Phlebotomus and Euphlebotomus) and Sergentomyia
to transmit the virus.

Chandipura virus is currently endemic only in India and
its introduction to Europe by an infected Phlebotomine
sandfly is unlikely to occur, due to the fact that no set-
tlement of Phlebotomine Chandipura virus vector has
been documented yet. However, the importation of
Chandipura virus through an infected individual with
or without clinical symptoms cannot be excluded. This
could be the main risk of introduction in European
areas where P. papatasi is an abundant species. To
assess the transmission risk, it is necessary to carry
out studies on the duration of the viraemia in infected
humans and the vector competence of autochtonous
Phlebotomine species in European countries where
P. papatasi is scarce or not recorded. The recent intro-
duction in Cyprus of Leishmania donovani, an Asiatic
and African parasite transmitted by local Phlebotomine
sandflies highlights the risk of introduction diseases
potentially transmitted by European Phlebotomine
sandflies [67-69].

www.eurosurveillance.org

The virus Isfahan has been isolated only in Iran
in P. papatasi, rodents and patients [70]. The Jug
Bogdanovac virus has been isolated in P. (L.) perfiliewi
in Serbia [71].

Genus Orbivirus

Orbiviruses transmitted by sandfly bites are restricted
to the 12 species from the Americas belonging to the
Changuinola virus group. Human infection caused by
this group is not well documented and until now has
presented with mild influenza-like symptoms and does
not show major clinical importance [72].

Laboratory diagnosis

Direct viral diagnosis, such as isolation, RT-PCR, in
blood or cerebrospinal fluid is only possible in early
stages of infection i.e. the first two days after symp-
tom onset and before the IgM sero-conversion. In most
cases the diagnosis is based on serological investi-
gation of acute and early convalescent sera. In-house
enzyme-linked immunosorbent assay (ELISA) meth-
ods (MAC-ELISA and 1gG sandwich) are developed in
reference laboratories. To date, only one commercial
kit is registered in Italy for Toscana virus diagnosis.
Serological cross reactions exist within the sandfly
fever Naples virus and sandfly fever Sicilian virus anti-
genic complex. Seroneutralisation assays using early
convalescent sera remain the reference method to spe-
cifically identify the viruses or to assess the antibody
response specificity. Reference tools, reagents and
quality control are not widely available. However, the
collaborative working group of the European Network
for the diagnosis of imported viral diseases (ENIVD
www.enivd.de/index.htm) is able to provide some of
these reagents.

Treatment and prevention

The treatment of phlebovirus infections is sympto-
matic. Treatment with hepatotoxic medication as well
as aspirin and other NSAIDs such as ibuprofen and
ketoprofen are not recommended.

No human vaccine against Phlebotomus-borne virus
is available. The prevention of phlebovirus infection
relies on the control of vector proliferation in limited
areas where people are highly exposed. Individual pro-
tective measures such as insect repellents and insecti-
cide impregnated mosquito bednets are recommended
in these areas.

In most cases, phlebovirus infections are self-resolving
pathologies. Only two complicated forms of Toscana
virus infections have been reported in the literature. If
a vaccine were available, the implementation of mass
vaccination programmes would not seem to be relevant
for the prevention for sandfly fever Naples and sandfly
fever Sicilian viruses.

Risk for the future
Data on vertebrate reservoirs is sparse for sandfly
fever viruses. The factor currently known to limit the



spread of diseases is the distribution areas of poten-
tial vectors. The distribution areas of the disease may
not be restricted to the areas where they have been
recorded but could be as wide as those of their vec-
tors, that is to say Larroussius and P. papatasi mainly
but not exclusively (figure 3). Consequently, field work
in form of viral isolation from sandflies and possible
reservoirs as well as laboratory work to establish vec-
torial competence of colonised sandflies need to be
encouraged in a near future for three main reasons:(i)
phleboviruses already endemic in the southern part of
Europe have a potential to spread to other areas where
their vectors are circulating, (ii) new phleboviruses of
unknown pathogenicity such as the Massilia virus, that
circulate among Phlebotomine sandflies may emerge in
humans, (iii) the highly pathogenic Chandipura virus is
paradigmatic of arthropod-borne viruses transmitted
by Phlebotomine sandflies that may be introduced to
Europe. At the present time, Rift Valley Fever virus has
not been isolated from Phlebotomine sandflies under
natural conditions. However, sandfly infections have
been demonstrated under laboratory conditions for
P. (P.) papatasi, P. (P.) duboscgqi, P. (Paraphlebotomus)
sergenti, Sergentomyia schwetzi and Lutzomyia lon-
gipalpis [73-75]. A vector competence has been dem-
onstrated after oral infection for P. papatasi and
P. duboscqi whereas P. sergenti, S. schwetzi and
L. longipalpis do not seem to be able to transmit Rift
Valley Fever virus after oral infection [73-75]. The lack
of isolates of Rift Valley Fever virus from field-collected
Phlebotomine sandflies may could be a consequence of
the low rates of capture of sandflies in arthropod field
collections for virus isolation assays. Their geographi-
cal range coinciding with that of Rift Valley Fever virus
in sub-Saharan Africa, and nearly all known phlebovi-
ruses seem primarily associated with sandflies. Thus,
additional studies are needed to evaluate the role of
sandflies as maintenance and epizootic vectors for Rift
Valley Fever virus [75]. An epidemiological surveillance
is also required in the EU.

Phleboviruses as a potential

means of biological warfare

Efficient arboviruses transmission mainly depends on
vectors. Except for RVFV, no other way of Phlebovirus
transmission has been reported. Breeding of
Phlebotomine species and artificial infection difficul-
ties are limiting factors for the use of phleboviruses
as efficient biological weapons. Moreover, most phle-
boviruses are associated with asymptomatic or mild
self-resolving infections in humans. Direct inter-human
transmission has never been demonstrated. These cri-
teria make phleboviruses bad candidates for the devel-
opment of biological weapons.

Phleboviruses are characterised by their tripartite RNA
genome. Genetic exchanges between phleboviruses
are possible with unpredictable effects. Compared to
RVFV, only less pathogenic phleboviruses have been
identified so far. The possible genesis of a new, highly
virulent Phlebovirus by this genetic-exchange mecha-
nism seems unlikely.
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