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Arthropod vectors can transmit pathogenic microorganisms from one vertebrate to another during their blood meal. Although some vector-
borne diseases have been eradicated in the Mediterranean area, such as malaria and dengue, recent endemic microorganisms (Toscana virus,
Rickettsia spp.) remain neglected even though they cause many more cases. New diagnostic tools and innovative tools for the identification and
characterization of vector species and microorganisms have been developed at IHU Méditerranée Infection, either internally or through
collaborative and integrated projects. We have detected Rickettsia slovaca as a human pathogen and have described the disease; we have
shown that Rickettsia felis can be transmitted by Anopheles mosquitoes; we have emphasized the increasing importance of bedbug (Cimex
lectularius) as a potential vector of Bartonella quintana; and we have described the Toscana virus, a major agent of meningitis and
meningoencephalitis which was disseminated in North Africa and Central and Eastern Europe, where it frequently cocirculates with a
large number of newly described phleboviruses transmitted by sand flies.
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climate, even if the exact limits of the geographic distribution
of the tick vector and the disease are not precisely known [I].
Among vector-borne viral diseases, the scientific and medical
literature emphasize epidemic diseases. Despite this, these
diseases usually have a lesser long-term medical impact on
exposed populations than endemic diseases. As a conse-
quence, endemic diseases are commonly neglected compared
to the epidemic ones, which benefit from public interest and
media attention. Newspaper focus has been recently directed

Some arthropods can actively transmit pathogenic microor-
ganisms (virus, bacteria, parasites) from one vertebrate to
another during their blood meal; such arthropods are known
as vectors. Mosquitoes and ticks are the main vectors of hu-
man infectious diseases. In the Mediterranean area, major
mosquito-borne diseases such as malaria and dengue have
been considered to be eradicated for decades. However, Lyme
disease, the well-known human tick-borne diseases, has not be

described in the Mediterranean area because the major vector,

towards chikungunya virus, Zika virus and dengue virus, even
in geographic areas where these viruses have played a negli-
gible role in public health in Europe [2,3]. In contrast,
Crimean-Congo hemorrhagic fever, Rift Valley fever and
Toscana virus (TOSV) infections have not been popularized.
For instance, TOSV, which is the most prevalent arthropod-
borne virus in Europe and in the Mediterranean area, is
totally unknown—not only by the public but also by physi-
cians [4].
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West Nile virus (WNV) holds a peculiar situation. Undoubt-
edly, WNV is an emerging virus in the New World, which it
stunningly entered in the fall of 1999 before spreading over North
America [5]. In the Old World, it is endemic in Africa. The first
noticeable outbreak in Europe was described in 1996 in Romania.
Since then, WNYV circulation has clearly increased in Europe over
the last two decades with, special emphasis on Italy and Greece;
however, other western European countries, such as Portugal,
Spain and France, have not reported the same trend [6].

At the University Hospital Institute Méditerranée Infection in
Marseille, France, vector-borne diseases represent a major axis
of research and surveillance [7]. We have been involved in the
surveillance of imported cases of major tropical vector-borne
diseases (e.g. malaria) and arboviral infections (e.g. dengue,
chikungunya and Zika), and more specifically in the surveillance
of autochthonous transmission and even local outbreaks after
importation [8]. This has been illustrated by several sentinel
reports of autochthonous malaria cases and a local chikungunya
outbreak [9,10]. However, our main contribution in the field of
vector-borne diseases in the Mediterranean area concerns
neglected vector-borne bacterial diseases and phleboviruses.

As a reference centre for rickettsiology, we have been
involved in major contributions to the knowledge on rick-
ettsioses in the Mediterranean area through clinical, microbi-
ologic and entomologic studies [||]. Indeed, although tick-
borne rickettsioses, caused by obligate intracellular bacteria
belonging to the spotted fever group (SFG) of the genus Rick-
ettsia, are among the oldest known vector-borne diseases, the
scope and importance of the recognized tick-associated rick-
ettsial pathogens have dramatically increased, making this
complex of diseases a paradigm of emerging diseases in the
Mediterranean area. Until 1990, only Mediterranean spotted
fever, caused by Rickettsia conorii conorii, had been described in
this area. In the past decades, we added to the knowledge of
clinical, epidemiologic and entomologic aspects of Mediterra-
nean spotted fever in France and Algeria, including atypical and
serious life-threatening presentations or the explanation of the
peak of Mediterranean spotted fever during warmer months
related to a warming-mediated increase in the aggressiveness of
Rhipicephalus sanguineus ticks to bite humans [12—14].

With the use of arthropods as specimen to study the
repertoire of tick-associated rickettsia and the development
and expansion of molecular tools such as PCR and sequencing
on arthropods, we identified several new pathogens in ticks
collected from North Africa, and we therefore complemented
the knowledge already collected on arthropod-borne patho-
gens circulating in the Mediterranean area, particularly in
France, Italy and North Africa. We detected Rickettsia slovaca,
the causative agent of tick-borne lymphadenopathy, also known

as SENLAT syndrome (scalp eschar and neck lymphadenopathy
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after a tick bite), and contributed to the description of the
clinical presentation of the disease. We also detected in ticks
and/or patients several other emerging agents of SFG rick-
ettsioses, including R. aeschlimanni, R. massiliae, R. monacensis, R.
helvetica, R. sibirica mongolotimonae, R. conorii israelensis, R. conorii
caspia, R. conorii indica and many other SFG rickettsia of un-
known pathogenicity [I5]. New approaches in the diagnosis
have also been reported, such as swabbing of eschars to obtain
material to be tested by PCR [I1,16] or the use of molecular
tools and matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry as a new tool to identify the tick
that had bitten the patient as well as potential pathogens in ticks
[17,18]. In addition to tick-borne rickettsia and rickettsioses
studies, we detected one of the causative agents of Lyme dis-
ease, Borrelia garinii, in Ixodes ricinus ticks collected in Algeria,
where the epidemiology of the disease is not known [19].
When studying fleas, we expanded the knowledge of R. felis, an
emerging agent of rickettsioses, and also detected Rickettsia typhi,
the agent of murine typhus in several areas. Several cases of these
infections were diagnosed [16,20]. Experimental models high-
lighted the role of fleas in the transmission of Bartonella spp., and
interestingly we have also shown that R. felis might also be
transmitted by mosquitoes [21]. Finally, we have long been
involved in surveying and managing infections in the homeless
population, particularly louse-borne diseases such as trench fe-
ver. We have continued to study other louse-associated bacteria
[22]. We have investigated strategies to eradicate lice in the
homeless through study of the resistance of lice to pyrethrinoids
and clinical trials on infested clothes [23]. More recently, and in
the context of increasingly recognized infestations of human
houses by bedbugs (Cimex lectularius), we have begun to study the
potential vectorial capacity of these arthropods. We have shown
their potential to transmit Bartonella quintana, the agent of trench
fever, which is known to be transmitted by body lice [24]. A
relationship has been established between three research
structures of southeastern France: IRD-Montpellier, IHU-Mar-
seille and CHU-Nice. It allowed us to evaluate the presence of
this insect at the national level [25], to evaluate its genetics [26]
and to look for the presence of Wolbachia bacteria in its gut [27].

Discovered in 1971 in sand flies (Phlebotomus perniciosus, Phle-
botomus perfiliewi) collected in the Tuscany region of Central
Italy, TOSV was an orphan virus for 14 years before it was first
recognized as the causative agent of neuroinvasive infections in
southwestern Europe [28,29]. Soon after the first case
report—based evidence that TOSV was causing meningitis and
encephalitis, several large studies were conducted in central
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FIG. |. Countries where Toscana virus is present.

Italy on adults and children with central nervous system infec-
tion [30-35].

Researchers and physicians in Marseille became interested in
this virus in 2003, when two patients without a relevant travel
history were diagnosed with TOSV infection. One patient
presented with aseptic meningitis, the other with febrile illness
only [36]. Investigations conducted in the Marseille region and
in coastal southeastern France indicated that (1) TOSV strains
could be detected and isolated in sand flies present in the region
[37], (b) autochthonous human TOSV cases may be caused by
strains belonging to two different lineages (A and B), demon-
strating that both types of strains cocirculate in southeastern
France [37] (Fig. |) and (c) other sand fly—borne phleboviruses
genetically and antigenically related to but clearly distinct from
TOSV are transmitted by sand flies belonging to the same
species, such as Massilia virus [38].

Studies conducted by our research group outside of France
in collaboration with local researchers have demonstrated that
TOSV is present in North Africa with undisputable evidence in

Algeria [39], Tunisia [40] and Morocco [41]; and that TOSV can
be transmitted by sand flies belonging to species distinct from
P. perniciosus and P. perfiliewi, such as P. neglectus in the Balkans
[42], P. sergenti in Morocco [41] and Sergentomyia minuta in
France [43] (Fig. 2).

We demonstrated that seroprevalence studies must be
based on techniques with high specificity to provide undispu-
table rates of TOSV antibodies and to avoid overestimation due
to techniques prone to cross-reactions, such as ELISA or
immunofluorescence. From these studies, it is clear that
exposure of human populations to TOSV is much higher in
northern Africa (Algeria 30%, northern Tunisia 42%) than in
Southern Europe, where rates are consistently lower, at 10% to
15% in high exposure areas, and commonly <5%. [39,40].

We also discovered several new viruses belonging to the
Phlebovirus genus and transmitted by phlebotomines, such as
Punique virus and Medjerda Valley virus in Tunisia [44,45],
Massilia virus in France [38], Adana, Toros and Zerdali viruses
in Turkey [46,47] and Dashli virus in Iran [48].

© 2018 The Author(s). Published by Elsevier Ltd, NMNI, 26, S31-S36
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FIG. 2. Current known distribution of sand fly species transmitting Toscana virus.

Together with veterinarians, we have demonstrated that the
sand fly fever Sicilian virus circulates at a high rate in various
regions of the Mediterranean Basin, such as Greece and Cyprus
[49] and Portugal [50].

Molecular diagnostic tools for TOSV

Because one of the major options to improve the awareness
about TOSV is to disseminate molecular diagnosis to clinical
microbiology laboratories, we developed a real-time reverse
transcriptase PCR assay [51]. At the beginning of the 2Ist
century, TOSV was the most prominent cause of aseptic
meningitis during summertime in central Italy—far ahead of
enteroviruses and other causes such as WNV, herpes simplex
viruses /2, varicella zoster virus and lymphocytic choriome-
ningitis virus. At this time there were no data to assess the

© 2018 The Author(s). Published by Elsevier Ltd, NMNI, 26, S31-S36

medical impact of TOSV in other areas such as central south
Europe (Croatia, Greece), Eastern Europe (Turkey) or North
Africa (Morocco, Algeria, Tunisia). Evidence that TOSV is also
circulating in those countries at rates that are at least equivalent
(although frequently much higher) were provided after 2006
[39,41,42,52—-57] (Fig. 1). Clinical data indicate that TOSV can
cause meningitis, meningoencephalitis or encephalitis. Clinically,
there is no marker to distinguish TOSV from other causes.
Laboratory-based diagnosis using direct or indirect methods are
therefore the only possibility to identify TOSV. Interestingly,
encephalitis is frequently seen in central nervous system in-
fections caused by TOSV, although the outcome is favourable
[58—61]. Detection of TOSV RNA using real-time molecular
techniques is now the reference standard.

In the Mediterranean area, an estimated 250 million people
are exposed to TOSV, with seroprevalence rates higher than
40% in certain regions (Fig. I). In France, >8 million people are at
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risk of TOSV infection. TOSV is the most prevalent arthropod-

borne virus in Europe. However, there are only 295 refer-

ences using the keyword ‘Toscana virus’ in the National Center

for Biotechnology Information PubMed database for a virus that

was discovered almost 50 years ago. In comparison, for the same
period of time (1971-2018), West Nile, Zika and chikungunya
viruses have about 6500, 3360 and 3000 references, respectively.

This is undisputable evidence that TOSV remains a neglected

pathogen. Researchers in Marseille, working in research groups

that have joined the IHU Méditerranée Infection, have produced

66 articles in the field; they now hold the leading position ac-

cording to the Web of Science for studies related to viruses

transmitted by sand flies in the Mediterranean Basin.
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