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Abstract: In the last decade, several phleboviruses transmitted by sand flies were detected in the
Mediterranean countries, with the health impact of some of them being unknown. From September
to October 2020, a total of 3351 sand flies were captured in Kherrata (Bejaia, northern Algeria) and
identified by sex, grouped in 62 pools, which were tested for the presence of phlebovirus RNA using
endpoint RT-PCR. Two pools (male and female, respectively) were positive. The genome sequencing
and phylogenetic analysis showed that the two phleboviruses detected were closely related to the
Punique virus (PUNV) isolated in Tunisia and detected in Algeria. Both PUNV strains were isolated
on VERO cells from positive pools. Morphological identification of 300 sand flies randomly selected,
showed a clear dominance of Phlebotomus perniciosus (98.67%). The dominance of this species in the
study area was confirmed by PCR targeting the mitochondrial DNA. Our result represents the first
isolation of PUNV and the second report in Algeria from two distinct regions which confirm its large
circulation in the country and more broadly in North Africa. Further studies are needed to measure
the impact on public health through seroprevalence studies in humans as well as animals and to
investigate its potential involvement in neurological viral diseases.

Keywords: Algeria; Kherrata; phlebovirus; Phlebotomus perniciosus; Punique virus; sand flies; molecu-
lar epidemiology

1. Introduction

To date, 24 sand flies species belonging to Phlebotomus and Sergentomyia genera were
recorded in Algeria and some species are implicated mainly in the transmission of leish-
maniasis and also arboviruses [1,2]. Sand fly-borne phleboviruses (SBPs) are wide world
distributed with varying epidemiology and public health threat. They are enveloped, spher-
ical viruses, belonging to the genus Phlebovirus, (family Phenuiviridae: order Bunyavirales).
Their genome is a single-stranded negative-sense RNA composed of three segments desig-
nated as large (L), medium (M), and small (S), they encode for the RNA-dependent RNA
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polymerase (L-segment), the envelope glycoproteins Gn and Gc, and the non-structural
protein NSm (M-segment), and the nucleocapsid protein (N) and a smaller non-structural
protein (NSs) (S-segment) [3–5]. The International Committee on Taxonomy of Viruses
(ICTV) currently recognizes 66 species within the genus Phlebovirus [6], among them, 42 are
exclusively or partially transmitted by females sand flies during the blood meal [7,8]. These
viruses are found in different geographic locations, in the new world (Bujaru virus, Candiru
virus, Chilibre virus, Frijoles virus, and Punta Toro virus) and sand fly fever Naples virus
(SFNV), sand fly fever Sicilian virus (SFSV), Salehabad virus and Punique virus (PUNV)
are reported around the Mediterranean basin, central and western Asia [9]. In the Mediter-
ranean area, SFNV and SFSV are recognized for their clinical importance. They are the
causative agents of a mild three-day fever in humans, also known as pappataci fever [10].
Nevertheless, the Toscana virus (TOSV), classified in the SFNV species, is associated with
more severe illnesses such as meningitis or meningoencephalitis during the summer sea-
son [11]. In addition, other SBPs were detected in humans; this suggests a large spectrum
of SBPs capable to produce human infections [12]. In North Africa, many SBPs have been
reported. TOSV was detected and isolated in the Maghreb region except for Mauritania and
Libya [13–17]. PUNV, a newly described SBPs species, was isolated for the first time in 2008
from Ph. Perniciosus and detected in Ph. Longicuspis in the vicinity of Utique, Tunisia [18].
However, in Algeria, few data on SBPS are available, in 2006 Sicilian-like virus was detected
for the first time in Ph. Ariasi and later in Ph. Papatasi [19,20]. Followed by Naples-like
virus RNA detected in Ph. Longicuspis [20]. In 2013, TOSV was also detected and isolated in
Draa El Mizan (Tizi-Ouzou) from one pool of sand flies [17]. Concerning the circulation of
these viruses among the populations, only three seroprevalence studies were conducted
in Larbaa Nath Iraten (Tizi-Ouzou) and Bousmail (Tipaza), northern Algeria, to detect the
circulation of SFNV and SFSV, which revealed that 21.6% and 5% of the population were
in contact with these viruses, respectively [19,20]. Recently, Alkan et al. showed that 50%
of the tested human sera were positive for TOSV [17]. Regarding animals, the serological
survey on dogs revealed that 4.5% of the tested animals were positive for TOSV [21]. Leish-
maniasis and phleboviruses are both transmitted by sand flies. Furthermore, Leishmania
infantum and TOSV share the same vector Ph. Perniciosus [22]. Moreover, a co-circulation
of phleboviruses and Leishmania parasites has been recently demonstrated in humans and
sand flies in Tunisia and Italy [23,24]. In this context, the aim of this study is to investigate
the circulation of phleboviruses among sand flies in a well-known endemic area of human
and canine leishmaniasis [25], to understand better the circulation of SBPS in Algeria.

2. Materiel and Methods
2.1. Ethical Considerations

Heads of households who were chosen for sampling sand flies from inside their homes
and animal shelters provided verbal informed consent.

2.2. Sand Flies Sampling

The present study was conducted in Kherrata, (36◦24′20′′ N, 5◦16′37′′ E), in northern
Algeria (Figure 1), between September and October 2020. Regarding sand flies activity,
in northern Algeria, two peaks have been reported annually, the first in July–August
and the second in late September/early October [26]. Sand flies were caught using CDC
miniature light traps (Centres for Disease Control, John W. Hock Company, Gainesville,
FL, USA, CDC), which have been modified with an ultra-fine mesh to make them ideal
for sand fly capture [27]. The traps were hung 1 to 2 m above the ground in human
habitations and animal shelters. The traps were set at sunset till sunrise the next morning.
All sand flies were sorted according to their sex, date of collection, and location, and then,
pooled to obtain 20 to 50 sand flies per 1.5 mL tube. All specimens were stored in liquid
nitrogen during transport to the laboratory, where they were kept at−80 ◦C until processed.
To reduce handling and to foster virus isolation, no morphological identification of the
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captured sand flies was carried out before virus testing. All experimentations have been
performed at Laboratoire des Arbovirus et Virus Emergents of Institut Pasteur d’Algerie.
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2.3. Phlebovirus Screening
2.3.1. Sand Flies Processing and Viral RNA Extraction

Each pool was homogenized in 1 mL of Leibovitz’s L15 medium (supplemented with
20% of FBS (fetal bovine serum), 10% of tryptose phosphate, 1% of penicillin/streptomycin,
and 0.005% of fungizone) using an MM200 mixer mill (Retsch, Haan, Germany). After
clarification, the supernatant was divided into 3 aliquots and stored at −80 ◦C. The DNA-
RNA Extraction MiniKit (Da An Gene Co., Ltd. Of sun Yat University. Guangzhou, China)
was used to extract viral nucleic acid from 200 µL sand flies homogenates. The extraction
was carried out following the manufacturer’s protocol. The nucleic acids were immediately
frozen at −80 ◦C.

2.3.2. Phlebovirus Detection

A generic Reverse Transcription (RT)-Nested-PCR developed by Sánchez-Seco et al. [28]
was used for phleboviruses screening in extracted pools, with some modifications. Reverse
transcription and subsequent amplification steps were performed with primers targeting
the polymerase gene of the segment L:

Nphlebo1+:5′-ATGGARGGITTTGTIWSICIICC-3′, Nphlebo1-:5′-AARTTRCTIGWI
GCYTTIARIGTIGC-3′, for the RT-PCR and (Nphlebo2+:5′-WTICCIAAICCI YMSAARATG-
3′), (Nphlebo2-:5′TCYTCYTTRTTYTTRARRTARCC-3′) for the Nested-PCR.

First round RT-PCR was conducted by adding 5 µL of the extracts to 45 µL of a mix
containing 2× Mix Buffer, 2.4 mM MgSO4, 0.4 mM of each dNTP, and 20 pmol of each
primer (Phlebo1+ and Phlebo1−), and 2U of the SuperScript™ III One-Step RT-PCR System
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with Platinum™ Taq DNA Polymerase (Invitrogen, Carlsbad, CA, USA). The RT-PCR
cycling program consisted of 50 ◦C for 15 min and 95 ◦C for 2 min, followed by 40 cycles
at 94 ◦C for 30 s, annealing temperature at 45 ◦C for 1 min, and 68 ◦C for 45 s, with the
final elongation step at 68 ◦C for 5 min. Second-round Nested-PCR was performed with
1 µL of the RT-PCR product added to 49 µL of a Mix containing 10×Mix Buffer- Mg Cl2,
0.2 mM Mg Cl2, 0.2 mM of each dNTP, 20 pmol of each primer (Phlebo2+ and Phlebo2-),
and 2U of Invitrogen™ Platinum™ Taq DNA Polymerase (Invitrogen, Carlsbad, CA, USA),
under the following thermal conditions: denaturation temperature at 95 ◦C for 2 min,
followed by 40 cycles of 94 ◦C for 30 s annealing temperature at 45 ◦C for 2 min, and 72 ◦C
for 30 s, finishing with an elongation step at 72 ◦C for 10 min. PCR products of first and
second-round amplification were detected by gel-electrophoresis with a 2% agarose gel in
TBE buffer.

2.4. Virus Isolation

Sand flies homogenates from phlebovirus PCR-positive pools were seeded on Vero
African green monkey kidney cells (Vero ATCC CCL81) to attempt virus isolation. To
summarize, 800 µL of Eagle’s minimal essential medium (EMEM without FBS) was used to
dilute 200 µL of each homogenate, the resulting dilution was subsequently filtered with a
0.22 µL filter. Then, 500 µL of the dilution was inoculated into Vero cells monolayer in a T-25
cell culture flask. After 1 h of incubation at 37 ◦C, 5 mL of maintenance medium (EMEM
supplemented with 2% FBS, 1% penicillin-streptomycin, 1% (200 mM) L-glutamine, 1%
Kanamycin, and 3% Amphotericin B) was added. The flasks were incubated at 37 ◦C and
examined daily for cytopathic effects. Two passages were performed successively on day 7
post-infection, and supernatants were harvested and clarified. Then, 200 µL aliquot of each
passage was tested using phlebovirus generic RT-Nested-PCR as previously described [28].

2.5. Sequencing and Phylogenetic Analysis

Positive PCR products were purified using ExoSAP-IT™ Express PCR Product Clean-
up (Applied Biosystem, California, Uinted States of America) and sequenced using the
sanger technology. The sequencing reaction was performed with the Big Dye Terminator
V3.1 Kit (Applied Biosystems, Waltham, MA, USA) with the same primers and cleaned
up with Sephadex® G-50 Superfine (SIGMA-ALDRICH, United States of America). The
purified products of the cycle sequencing were analyzed on the ABI 3130 Genetic An-
alyzer (Applied Biosystems, Waltham, MA, USA). Sequences generated were aligned
using MAFFT software [29], with homologous sequences recovered from the GenBank
database. The phylogenetic tree was built by the Maximum Likelihood method in MEGA X
software [30]. The robustness of the nodes was tested using 500 bootstrap replicates.

2.6. Sand Flies Identification
2.6.1. Morphological Identification of Sand Flies

Sand fly species fauna was determined from 10% of the caught sand flies. Sand flies
were treated in NaOH 10% and fixed in Marc-André solution according to the Abonnec
protocol [31]. Each specimen was slide mounted in Marc-André solution and examined
under a light microscope. Male genitalia and female spermathecae were used to identify
specimens at the species level using morphological identification keys [31–33].

2.6.2. Molecular Identification of Positive Pools

To confirm the sand fly species in the positive pools, the pellets of the positive pools
were collected and used for DNA extraction with the DNA-RNA Extraction Mini Kit
(Da An Gene Co., Ltd. of Sun Yat University, Guangzhou, China). PCR Reaction was
conducted with 5µL of DNA added to 45 µL of Mix containing 1.25 U of Hot StarTaq Plus
Master Mix (Qiagen, Hilden, Germany), 2× concentrated. Contains HotStarTaq Plus DNA
Polymerase, PCR Buffer (with 1.5 mM Mg Cl 2), and 0.2 mM each dNTP, and 10 pmol
of each universal barcoding primers LCO:5′-GGTCAACAAATCATAAAGATA TTGG-3,
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and HCO:5′-TAAACTTCAGGGTGA CCAAA AAATCA-3′, to amplifying 700 bp mtDNA
genome of the cytochrome oxidase I region as previously described by [34], using the
following thermal conditions: initial denaturing at 95 ◦C for 5 min, then 37 cycles of 94 ◦C
for 30 s, 55 ◦C for 30 s and 72 ◦C for 90 s, followed by a 10 min extension at 72 ◦C. The
PCR products were visualized on 2% agarose gels. The positive products were purified
and sequenced in both directions using the same primers. The sequences were edited in
BioEdit software [35], compared to those published sequences in GenBank.

3. Results
3.1. Virus Detection and Sand Flies Identification

A total of 3351 sand flies were captured in Kherrata (Bejaia) of whom 3051 were
grouped into 62 pools (19 males and 43 females) and used for virus detection and 300 for
morphological identification (Table 1). Phlebovirus was detected in two pools Ph9 and
Ph33 (female and male, respectively) using RT-Nested-PCR, hence the overall prevalence
of phlebovirus infection among the collected sand flies was 0.06% (2/3051) (Table 1). The
infection rate = number of positive pools/number of sand flies ×100 [18].

Table 1. Number of sand flies used for conventional PCR and infection rate.

Male Female Total

Number of sand flies 940 2111 3051

Number of pools 19 43 62

Number of positive pools 1(Ph33) 1(Ph9) 2

Infection rate (%) 0.1% 0.05% 0.06%

3.2. Virus Isolation

Pools Ph9 and Ph33 showed clear cytopathic effects on passage 0 on days 4 and 5,
respectively. Phlebovirus isolation was confirmed by RT-Nested-PCR as described before.
The consensus sequences from both strains obtained from the first step of the RT-PCR have
a size of 550 pb and both have been submitted to GenBank as PUNV strain Ph9 (access
number ON524174) and Ph33 (access number ON524173).

3.3. Phylogenetic Analysis

Two new strains of PUNV have been detected in the phylogenetic analysis carried
out in a short L-fragment (550 pb) (Figure 2). The maximum likelihood tree showed the
relationship between ON524174 PUNV strain Ph9 and the PUNV strain isolated in Tunisia,
it was supported by 76% bootstraps and with 3.3% and 0% of nucleotide and amino acid
distances, respectively, while ON524173 PUNV strain Ph33 is related to the PUNV strain
detected in Algeria and their relationship was supported by 61% bootstraps and with 3.5%
and 0% of nucleotide and amino acid distances, respectively as described in (Figure 2 and
Table 2).
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Figure 2. Phylogenetic analysis of the two strains isolated in the study area. Distances and groupings
were determined by the pairwise-distance algorithm and Maximum Likelihood method within
MEGAX, and the robustness of the groups was tested using 500 bootstrap pseudo-replicates.

Table 2. Nucleotides and amino acid pairwise distance between Punique virus sequences.

N◦ Sequences 1 2 3 4 5 6 7

Amino Acids Distances

1. ON524174 PUNV strain
Ph9 Kherrata Algeria 0.000 0.0061 0.0061 0.0381 0.0121 0.0121

2. AB905362.1 PUNV
strain 14 Tunisia 0.0327 0.0061 0.0118 0.0381 0.0121 0.0236

3. ON524173 PUNV strain
Ph33 Kherrata Algeria 0.0500 0.0412 0.000 0.0305 0.0061 0.0182

4. MT250046.1 PUNV
strain Pu0518.0.2 2018

Algeria
0.0476 0.0515 0.0348 0.0305 0.0061 0.0287

5. OM362899.1 PUNV
strain2010T114 Tunisia 0.0590 0.0561 0.0478 0.0505 0.0229 0.0229

6. OM362900.1 PUNV
strain 2010T122 0.0412 0.0369 0.0328 0.0348 0.0128 0.0121

7. NC 055302.1 PUNV
straiPI-B4-2008 Tunisia

0.0632 0.0770 0.0676 0.0763 0.0705 0.0542

Nucleotides distances
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3.4. Sand Fly Identification

The morphological identification showed the presence of three species in the study
area, belonging to the subgenus Larroussius. Ph. perniciosus (98.67%) was the most present
species as expected followed by Ph. perfiliewi (0.67%) and Ph. longicuspis (0.67%). Ph.
perniciosus was identified in both positive pools using LCO1490/HCO2950 (Tables 3 and 4).

Table 3. Species identified in the study area.

Sex

Species Male Female (%) Total

Ph. perniciosus 152 144 98.97% 296

Ph. longicuspis 0 2 0.67% 2

Ph. perfiliewi 1 1 0.67% 2

Total 153 147 100% 300

Table 4. Sand fly species in the positive pools after sequencing.

Positive Pools Phlebovirus Sand Flies Species

Ph 9 Punique virus Ph. perniciosus

Ph 33 Punique virus Ph. perniciosus

4. Discussion

To date, only a little research regarding phleboviruses were carried out in North Africa
and particularly in Algeria, even though sand flies can transmit a wide range of arthropod-
borne viruses belonging to Phenuiviridae, Reoviridae, and Rhabdoviridae families compared to
the parasitic diseases such as leishmaniasis [9]. Until now, only TOSV was isolated from
Algerian sand flies [17]. However, it has been suggested that around the Mediterranean
basin new phleboviruses are commonly found [36]. In our investigation, male and female
Algerian sand flies were found infected with Punique virus and this was previously re-
ported with other phleboviruses by several studies [18,37–40], this could be explained either
by transovarial (vertical) or venereal (horizontal) virus transmission [41–43], suggesting
that phleboviruses maintenance in nature is mainly guaranteed by sand flies. Humans and
large vertebrates could amplify the virus but they are generally considered dead-end hosts
because until now there is no evidence of their implication as reservoirs for these viruses,
subsequently, they do not have an important role in the natural life cycle of the virus [44].
Phylogenetic analysis shows that the two strains isolated in our study (Ph9 and Ph33) form
a strong cluster (100% bootstrap support) with the PUNV strains from Tunisia and Algeria,
respectively (Figure 1). The ON524174 PUNV strain Ph9 was closely related to the sequence
AB905362.1 PUNV strain from Tunisia with nucleotide and amino acid distances of 3.3 and
0%, respectively. While ON524173 PUNV strain Ph33 was closely related to the sequence
MT250046.1 PUNV strain Pu0518.0.2_2018 from Algeria, detected in Blida, the nucleotides
and amino acid distances were, respectively, 3.5% and 0%. In addition, ON524174 PUNV
strain Ph9 and ON524173 PUNV strain Ph33 strains were detected and isolated from the
same animal shelter they exhibited a genetic difference of 5% and 0.6% in amino acid
distances suggesting a different source of the virus in the study area. The global infection
rate of the sand flies by PUNV captured in our study area was 0.06% (2/3051 sand flies),
less important compared with data reported in Tunisia at 0.13% [18] and remained quite
similar to the infection rate with TOSV observed in Spain of 0.05% [45], Tunisia at 0.03% [13],
and France at 0.1% [46]. Nevertheless, higher infection rates were reported for SFS-like
virus and SFNV at 0.43%, and 0.25%, respectively [19,20], in Algeria. A lower infection
rate with TOSV was noticed at 0.005% in Algeria [17]. All sand flies captured in our study
belong to the subgenus Larroussius, Ph. perniciosus (98.67%), Ph. perfiliewi (0.67%), and Ph.
longicuspis (0.67%). The dominant species was, as expected, Ph. perniciosus because it is the
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main species identified in the humid and sub-humid bioclimate stages [2,33], this species
was confirmed in the positive pools by molecular technique. PUNV was first isolated
from Ph. perniciosus, and detected in Ph. longicuspis, from the Utique region, a well-known
focus of human visceral leishmaniasis, which is transmitted in Tunisia principally by Ph.
perniciosus [18,47]. In addition, in our study, the two strains of PUNV were isolated from
sand flies pools of Ph. perniciosus in an area where visceral leishmaniasis is endemic [25],
this raises the question of the possible co-circulation of Leishmania infantum and PUNV in
the same area. A co-circulation of Leishmania infantum and TOSV were previously observed
in a focus on visceral leishmaniasis in central Tunisia [23]. So far, the impact of the PUNV
on public health is unknown. Even though a co-circulation of PUNV and TOSV has been
proven in Tunisia, there is not enough data to prove its pathogenicity for humans [48].
However, the fact that PUNV is a member of the SFNV-group (the majority of whose
members are pathogenic to humans) and that it is detected in Ph. perniciosus, a proven
vector of Leishmania infantum in Algeria [49], implies the need to conduct studies on the
impact of this virus on public health. It is important to highlight that 12 years have passed
between the discovery of the TOSV in Ph. perniciosus in 1971 [50] and the first evidence that
it is a pathogen for humans [51].

5. Conclusions

Our results allowed the isolation for the first time in Algeria, of two different strains
related to PUNV from sand flies belonging to the subgenus Larroussius. The infection
was observed in both male and female sand flies. In the study area, the dominant species
was Ph. perniciosus, a known vector of Leishmania infantum and TOSV, also, the DNA of
this species was the most dominant in the positive pools. Currently, there is no effective
vaccine or treatment against human pathogenic phleboviruses such as TOSV, the only
solution that can protect against phleboviruses would be the application of collective and
individual control measures against sand flies. Serological investigation of patients with
fever of unknown origin, meningitis, and/or encephalitis is needed to determine the impact
of this virus on public health, as well as entomological and serological investigations in
domestic animals.
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12. Ergunay, K.; Tkachev, S.; Kozlova, I.; Růžek, D. A review of methods for detecting tick-borne encephalitis virus infection in tick,
animal, and human specimens. Vector Borne Zoonotic Dis. 2016, 16, 4–12. [CrossRef]

13. Bichaud, L.; Dachraoui, K.; Piorkowski, G.; Chelbi, I.; Moureau, G.; Cherni, S.; de Lamballerie, X.; Sakhria, S.; Charrel, R.N.;
Zhioua, E. Toscana virus isolated from sand flies, Tunisia. Emerg. Infect. Dis. 2013, 19, 322. [CrossRef] [PubMed]

14. Es-Sette, N.; Nourlil, J.; Hamdi, S.; Mellouki, F.; Lemrani, M. First detection of Toscana virus RNA from sand flies in the genus
Phlebotomus (Diptera: Phlebotomidae) naturally infected in Morocco. J. Med. Entomol. 2014, 49, 1507–1509. [CrossRef] [PubMed]

15. Es-sette, N.; Ajaoud, M.; Anga, L.; Mellouki, F.; Lemrani, M. Toscana virus isolated from sand flies, Morocco. Parasit. Vectors 2015,
8, 205. [CrossRef] [PubMed]

16. Es-Sette, N.; Ajaoud, M.; Charrel, R.N.; Lemrani, M. Épidémiologie moléculaire des Phlebovirus dans quatre provinces du Maroc.
Bull. Soc. Pathol. Exot. 2016, 109, 143–150. [CrossRef]

17. Alkan, C.; Allal-Ikhlef, A.B.; Alwassouf, S.; Baklouti, A.; Piorkowski, G.; de Lamballerie, X.; Izri, A.; Charrel, R.N. Virus isolation,
genetic characterization and seroprevalence of Toscana virus in Algeria. Clin. Microbiol. Infect. 2015, 21, 1040-e1. [CrossRef]

18. Zhioua, E.; Moureau, G.; Chelbi, I.; Ninove, L.; Bichaud, L.; Derbali, M.; Champs, M.; Cherni, S.; Salez, N.; Cook, S.; et al. Punique
virus, a novel phlebovirus, related to sand fly fever Naples virus, isolated from sand flies collected in Tunisia. J. Gen. Virol. 2010,
91, 1275. [CrossRef]

19. Izri, A.; Temmam, S.; Moureau, G.; Hamrioui, B.; De Lamballerie, X.; Charrel, R.N. Sand fly fever Sicilian virus, Algeria. Emerg.
Infect. Dis. 2008, 14, 795. [CrossRef]

20. Moureau, G.; Bichaud, L.; Salez, N.; Ninove, L.; Hamrioui, B.; Belazzoug, S.; de Lamballerie, X.; Izri, A.; Charrel, R.N. Molecular
and serological evidence for the presence of novel phleboviruses in sand flies from northern Algeria. Open Virol. J. 2010, 4, 15.

21. Tahir, D.; Alwassouf, S.; Loudahi, A.; Davoust, B.; Charrel, R.N. Seroprevalence of Toscana virus in dogs from Kabylia (Algeria).
Clin. Microbiol. Infect. 2016, 22, e16–e17. [CrossRef]

22. Dujardin, J.C.; Campino, L.; Cañavate, C.; Dedet, J.P.; Gradoni, L.; Soteriadou, K.; Mazeris, A.; Ozbel, Y.; Boelaer, M. Spread of
vector-borne diseases and neglect of Leishmaniasis, Europe. Emerg. Infect. Dis. 2008, 14, 1013. [CrossRef]

23. Fares, W.; Dachraoui, K.; Barhoumi, W.; Cherni, S.; Chelbi, I.; Zhioua, E. Co-circulation of Toscana virus and Leishmania infantum
in a focus of zoonotic visceral leishmaniasis from Central Tunisia. Acta Trop. 2020, 204, 105342. [CrossRef] [PubMed]

24. Calzolari, M.; Romeo, G.; Callegari, E.; Bonilauri, P.; Chiapponi, C.; Carra, E.; Rugna, G.; Taddei, R.; Lelli, D.; Dottori, M.
Co-Circulation of Phleboviruses and Leishmania Parasites in Sand Flies from a Single Site in Italy Monitored between 2017 and
2020. Viruses 2021, 13, 1660. [CrossRef]

25. Tahir, D. Epidémiologie de la leishmaniose chez le chien et l’homme à Bejaia. Ph.D. Thesis, Institut des Sciences Vétérinaires
Université Blida I, Algérie, Africa, 2014.

26. Ramdane, E.; Berchi, S.; Louad, K. Les phlébotomes (Diptera, Pshycodidae), vecteurs d’agents pathogènes responsables de la
leishmaniose humaine dans la région de Constantine (Algérie). Entomofauna 2018, 39, 537–555.

27. Lafri, I.; Almeras, L.; Bitam, I.; Caputo, A.; Yssouf, A.; Forestier, C.L.; Izri, A.; Raoult, D.; Parola, P. Identification of Algerian
field-caught phlebotomine sand fly vectors by MALDI-TOF MS. PLoS Negl. Trop. Dis. 2016, 10, e0004351. [CrossRef] [PubMed]

http://doi.org/10.12834/VetIt.1763.9298.3
http://doi.org/10.1371/journal.pntd.0009952
http://www.ncbi.nlm.nih.gov/pubmed/34990451
http://doi.org/10.1371/journal.pntd.0005660
http://www.ncbi.nlm.nih.gov/pubmed/28796786
http://doi.org/10.1007/s00705-019-04253-6
http://www.ncbi.nlm.nih.gov/pubmed/31065850
http://doi.org/10.3201/eid1111.050869
http://doi.org/10.1099/jgv.0.001721
http://doi.org/10.3390/v13050918
http://doi.org/10.1016/j.cois.2017.05.019
http://doi.org/10.5772/intechopen.81023
http://doi.org/10.3390/v13071412
http://doi.org/10.1089/vbz.2015.1896
http://doi.org/10.3201/eid1902.121463
http://www.ncbi.nlm.nih.gov/pubmed/23460990
http://doi.org/10.1603/ME12042
http://www.ncbi.nlm.nih.gov/pubmed/23270183
http://doi.org/10.1186/s13071-015-0826-1
http://www.ncbi.nlm.nih.gov/pubmed/25886511
http://doi.org/10.1007/s13149-016-0498-x
http://doi.org/10.1016/j.cmi.2015.07.012
http://doi.org/10.1099/vir.0.019240-0
http://doi.org/10.3201/eid1405.071487
http://doi.org/10.1016/j.cmi.2015.10.029
http://doi.org/10.3201/eid1407.071589
http://doi.org/10.1016/j.actatropica.2020.105342
http://www.ncbi.nlm.nih.gov/pubmed/31954137
http://doi.org/10.3390/v13081660
http://doi.org/10.1371/journal.pntd.0004351
http://www.ncbi.nlm.nih.gov/pubmed/26771833


Viruses 2022, 14, 1796 10 of 10

28. Sánchez-Seco, M.P.; Echevarría, J.M.; Hernández, L.; Estévez, D.; Navarro-Marí, J.M.; Tenorio, A. Detection and identification of
Toscana and other phleboviruses by RT-nested-PCR assays with degenerated primers. J. Med. Virol. 2003, 71, 140–149. [CrossRef]

29. Katoh, K.; Rozewicki, J.; Yamada, K.D. MAFFT online service: Multiple sequence alignment, interactive sequence choice and
visualization. Brief. Bioinform. 2019, 20, 1160–1166. [CrossRef]

30. Kumar, S.; Stecher, G.; Li, M.; Knyaz, C.; Tamura, K. MEGA X: Molecular Evolutionary Genetics Analysis across computing
platforms. Mol. Biol. Evol. 2018, 35, 1547–1549. [CrossRef]

31. Abonnenc, E. Les phlébotomes de la région éthiopienne (Diptera, Psychodidae). Cah. ORSTOM Sér. Ent. Méd. Parasitol. 1972, 55,
1–239.

32. Leger, N.; Pesson, B.; Madulo-Leblond, G.; Abonnenc, E. Differentiation of females of the subgenus Larroussius Nitzulescu 1931
(Diptera-Phlebotomidae) of the Mediterranean region. Ann. Parasitol. Hum. Comp. 1983, 58, 611–623. [CrossRef]

33. Dedet, J.P.; Adaddi, K.Y.; Bellazoug, S. Les phlébotomes (Diptera, Psychodidae) d’Algerie. Cah. ORSTOM Sér. Ent. Méd. Parasitol.
1984, 22, 99–127.

34. Folmer, O.; Hoeh, W.R.; Black, M.B.; Vrijenhoek, R.C. Conserved primers for PCR amplification of mitochondrial DNA from
different invertebrate phyla. Mol. Mar. Biol. Biotechnol. 1994, 3, 294–299. [PubMed]

35. Hall, T. BioEdit: A user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic
Acids Symp. Ser. 1999, 41, 95–98.

36. Remoli, M.E.; Bongiorno, G.; Fortuna, C.; Marchi, A.; Bianchi, R.; Khoury, C.; Ciufolini, M.G.; Gramiccia, M. Experimental
evaluation of sand fly collection and storage methods for the isolation and molecular detection of Phlebotomus-borne viruses.
Parasit. Vectors 2015, 8, 576. [CrossRef] [PubMed]

37. Peyrefitte, C.N.; Grandadam, M.; Bessaud, M.; Andry, P.E.; Fouque, F.; Caro, V.; Diancourt, L.; Schuffenecker, I.; Pagès, F.; Tolou,
H.; et al. Diversity of Phlebotomus perniciosus in Provence, southeastern France: Detection of two putative new Phlebovirus
sequences. Vector Bor. Zoonotic Dis. 2013, 13, 630–636. [CrossRef] [PubMed]

38. Remoli, M.E.; Fortuna, C.; Marchi, A.; Bucci, P.; Argentini, C.; Bongiorno, G.; Maroli, M.; Gradoni, L.; Gramiccia, M.; Ciufolini,
M.G. Viral isolates of a novel putative Phlebovirus in the Marche Region of Italy. Am. J. Trop. Med. Hyg. 2014, 90, 760. [CrossRef]

39. Alkan, C.; Alwassouf, S.; Piorkowski, G.; Laurence, B.; Seda, T.; Dincer, E.; Ergunay, K.; Ozbel, Y.; Alten, B.; de Lamballerie, X.;
et al. Isolation, genetic characterization, and seroprevalence of Adana virus, a novel Phlebovirus belonging to the Salehabad
virus complex, in Turkey. J. Virol. 2015, 89, 4080–4091. [CrossRef]

40. Fares, W.; Charrel, R.N.; Dachraoui, K.; Bichaud, L.; Barhoumi, W.; Derbali, M.; Cherni, S.; Chelbi, I.; de Lamballerie, X.; Zhioua, E.
Infection of sand flies collected from different bio-geographical areas of Tunisia with phleboviruses. Acta Trop. 2015, 141, 1–6.
[CrossRef]

41. Ciufolini, M.G.; Maroli, M.; Verani, P. Growth of two phleboviruses after experimental infection of their suspected sand fly vector,
Phlebotomus perniciosus (Diptera: Psychodidae). Am. J. Trop. Med. Hyg. 1985, 34, 174–179. [CrossRef]

42. Tesh, R.B. The genus Phlebovirus and its vectors. Annu. Rev. Entomol. 1988, 33, 169–181. [CrossRef]
43. Maroli, M.; Ciufolini, M.G.; Verani, P. Vertical transmission of Toscana virus in the sand fly, Phlebotomus perniciosus, via the

second gonotrophic cycle. Med. Vet. Entomol. 1993, 7, 283–286. [CrossRef]
44. Alkan, C.; Bichaud, L.; de Lamballerie, X.; Alten, B.; Gould, E.A.; Charrel, R.N. Sand fly-borne phleboviruses of Eurasia and

Africa: Epidemiology, genetic diversity, geographic range, control measures. Antiviral. Res. 2013, 100, 54–74. [CrossRef] [PubMed]
45. Sanbonmatsu-Gámez, S.; Pérez-Ruiz, M.; Collao, X.; Sánchez-Seco, M.P.; Morillas-Márquez, F.; De la Rosa-Fraile, M.; Navarro-Marí,

J.M.; Tenorio, A. Toscana virus in Spain. Emerg. Infect. Dis. 2005, 11, 1701. [CrossRef] [PubMed]
46. Bichaud, L.; Izri, A.; de Lamballerie, X.; Moureau, G.; Charrel, R.N. First detection of Toscana virus in Corsica, France. Clin.

Microbiol. Infect. 2014, 20, O101–O104. [CrossRef]
47. Zhioua, E.; Kaabi, B.; Chelbi, I. Entomological investigations following the spread of visceral leishmaniasis in Tunisia. J. Vector

Ecol. 2007, 32, 371–374. [CrossRef]
48. Sakhria, S.; Bichaud, L.; Mensi, M.; Salez, N.; Dachraoui, K.; Thirion, L.; Cherni, S.; Chelbi, I.; De Lamballerie, X.; Zhioua, E.; et al.

Co-circulation of Toscana virus and Punique virus in northern Tunisia: A microneutralization-based seroprevalence study. PLoS
Negl. Trop. Dis. 2013, 7, e2429. [CrossRef]

49. Harrat, Z.; Pratlong, F.; Belazzoug, S.; Dereure, J.; Deniau, M.; Rioux, J.A.; Belkaid, M.; Dedet, J.P. Leishmania infantum and L.
major in Algeria. Trans. R Soc. Trop. Med. Hyg. 1996, 90, 625–629. [CrossRef]

50. Verani, P.; Ciufolini, M.G.; Caciolli, S.; Renzi, A.; Nicoletti, L.; Sabatinelli, G.; Bartolozzi, D.; Volpi, G.; Amaducci, L.; Coluzzi, M.;
et al. Ecological and epidemiological studies of Toscana virus, an arbovirus isolated from Phlebotomus. Ann. Ist. Super. Sanita.
1982, 18, 397–399.

51. Ehrnst, A.; Peters, C.J.; Niklasson, B.; Svedmyr, A.; Holmgren, B. Neurovirulent Toscana virus (a sand fly fever virus) in Swedish
man after visit to Portugal. Lancet 1985, 325, 1212–1213. [CrossRef]

http://doi.org/10.1002/jmv.10465
http://doi.org/10.1093/bib/bbx108
http://doi.org/10.1093/molbev/msy096
http://doi.org/10.1051/parasite/1983586611
http://www.ncbi.nlm.nih.gov/pubmed/7881515
http://doi.org/10.1186/s13071-015-1192-8
http://www.ncbi.nlm.nih.gov/pubmed/26552444
http://doi.org/10.1089/vbz.2012.1169
http://www.ncbi.nlm.nih.gov/pubmed/23705585
http://doi.org/10.4269/ajtmh.13-0457
http://doi.org/10.1128/JVI.03027-14
http://doi.org/10.1016/j.actatropica.2014.09.009
http://doi.org/10.4269/ajtmh.1985.34.174
http://doi.org/10.1146/annurev.en.33.010188.001125
http://doi.org/10.1111/j.1365-2915.1993.tb00689.x
http://doi.org/10.1016/j.antiviral.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/23872312
http://doi.org/10.3201/eid1111.050851
http://www.ncbi.nlm.nih.gov/pubmed/16318721
http://doi.org/10.1111/1469-0691.12347
http://doi.org/10.3376/1081-1710(2007)32[371:EIFTSO]2.0.CO;2
http://doi.org/10.1371/journal.pntd.0002429
http://doi.org/10.1016/S0035-9203(96)90410-1
http://doi.org/10.1016/S0140-6736(85)92886-7

	Introduction 
	Materiel and Methods 
	Ethical Considerations 
	Sand Flies Sampling 
	Phlebovirus Screening 
	Sand Flies Processing and Viral RNA Extraction 
	Phlebovirus Detection 

	Virus Isolation 
	Sequencing and Phylogenetic Analysis 
	Sand Flies Identification 
	Morphological Identification of Sand Flies 
	Molecular Identification of Positive Pools 


	Results 
	Virus Detection and Sand Flies Identification 
	Virus Isolation 
	Phylogenetic Analysis 
	Sand Fly Identification 

	Discussion 
	Conclusions 
	References

