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Abstract

Introduction: Toscana virus (TOSV) is a sandfly-borne bunyavirus with a significant public health impact.
Preliminary studies have revealed TOSV exposure in dogs and they were suggested as potential reservoirs. This
study was performed to characterize canine TOSV infections in an endemic region. Sequencing of TOSV small
(S) segment in several previously identified specimens was also undertaken to reveal viral genealogy.
Materials and Methods: Canine and feline plasma were collected in several districts of Mersin province,
Mediterranean Anatolia, Turkey, during May–September, 2015. Phlebovirus RNA was screened through two
nested polymerase chain reaction (PCR) assays, targeting S and large (L) segments of the viral genome. A
kinetoplast minicircle nested PCR was employed for Leishmania DNA detection and typing. Previously collected
TOSV-positive specimens from humans, dogs, cats, and sandflies from various regions in Turkey and Cyprus were
further evaluated through the S segment PCR. All amplicons were characterized through sequencing.
Results: A total of 210 specimens that comprise canine (76.2%) and feline (23.8%) plasma were screened. In
three (1.9%) and two (1.3%) canine specimens, TOSV and Leishmania nucleic acids were detected, respec-
tively. The TOSV strains were characterized as genotype B, and Leishmania infantum was identified in positive
specimens. Twenty-four partial S segment sequences were amplified, which demonstrated a maximum in-
tramural diversity of 3.88% in the nucleotide level. Sequence comparisons revealed significant similarities to
particular genotype B strains characterized in Spain and France, whereas a notable divergence was observed
among several TOSV strains. Single or recurrent amino acid substitutions were noted in eight residues of the
viral nucleocapsid.
Discussion: Canine infections of TOSV genotype B, with temporal and spatial association with L. infantum,
were detected. Divergent TOSV S segment sequences with amino acid substitutions, presumably associated
with host adaptation, were observed.
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Introduction

Among the five genera in the Bunyaviridae family,
members of the Phlebovirus genus are characterized

by their transmission to the susceptible vertebrate species
through bloodmeals of infected phlebotomine sandflies (Dip-
tera: Psychodidae, Phlebotominae) (Depaquit et al. 2010,
Plyusnin et al. 2012). Phleboviruses possess a single-stranded
and segmented RNA genome, where the viral polymerase is

encoded by the large (L), envelope glycoproteins by the
medium (M) and the nucleocapsid by the small (S) genomic
segments, along with the nonstructural proteins (Plyusnin
et al. 2012). Toscana virus (TOSV), classified within the
Sandfly Fever Naples Virus species of the Phlebovirus genus,
can induce central nervous system infections in the infected
individuals, presenting with meningitis, encephalitis, and
peripheral neurological symptoms, which can result in rare
but serious prolonged and persistent sequelae (Charrel et al.
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2012, 2014). TOSV infections in humans have been consis-
tently reported from Italy, France, and Spain, as well as case
reports and clusters from many countries around the Medi-
terranean Sea, including Turkey (Charrel et al. 2012, 2014,
Alkan et al. 2013).

Phleboviruses are associated with the flagellate protozoans
of the Leishmania species, the causative agents of cutaneous,
mucocutaneous, and visceral leishmaniasis, due to the shared
sandfly vectors (Maroli et al. 2013). Several studies have
revealed a probable epidemiologic interaction among these
agents, as well as coinfected sandflies (Bichaud et al. 2011,
Ergunay et al. 2014, Es-Sette et al. 2014, Faucher et al. 2014).
Crucial issues on the TOSV natural cycle and disease epi-
demiology have not yet been completely elucidated, and
virus exposure in vertebrate species other than humans has
only been superficially explored (Navarro-Mari et al. 2011).
Recently, canine and feline TOSV infections as well as
Leishmania and TOSV coinfected dogs in the Mediterranean
region of Turkey have been reported (Dincer et al. 2015).
Moreover, the findings suggested canine species to act as a
potential reservoir or amplifying host for TOSV, a concept
similar to that of leishmaniasis, where the dogs may serve
as primary domestic reservoirs. This study was planned and
executed as a follow-up and confirmatory effort for the initial
report, to identify and characterize ongoing TOSV infections
in canine and feline species in an area endemic for leish-
maniasis and phlebovirus exposure (Ok et al. 2002, Tezcan
et al. 2015). As a secondary objective, characterization of
partial S segment of TOSV, for which very limited infor-
mation is available in Turkey, was performed in several ar-
chival specimens.

Materials and Methods

Study area, sample collection, and processing

The study was undertaken during May–September, 2015,
in Akdeniz, Mezitli, Pozcu, Tasucu, and Yenisehir districts of
Mersin province (36�48¢N, 34�38¢E), Mediterranean Anato-
lia, Turkey. Human phlebovirus/TOSV exposure was previ-
ously identified in the region and having domestic or farm
animals has been reported to be associated with an increased
risk for virus exposure (Ergunay et al. 2012, Tezcan et al.
2015). Plasma from dogs and cats was obtained from local
veterinary clinics and animal shelters. Specimen collection
was conducted with full compliance with the national regu-
lations on the operation and procedure of animal experiments
ethics committees (Regulation No. 26220, date: July 09,
2006), and the protocols were approved by Ankara University
Local Ethics Committee (No. AULEC/201-96-346). All speci-
mens were aliquoted and stored at -80�C until processing.

Nucleic acid purification in the collected specimens was
carried out using High Pure Viral Nucleic Acid Kit (Roche
Diagnostics). Subsequent reverse transcription reactions were
undertaken through randomized hexamers, employing
RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific).

Archival specimens

Purified nucleic acids or complementary DNAs from
previously collected specimens, originating from human,
dog, cat, or sandflies, with detectable TOSV RNA (Ergunay
et al. 2011, 2014, Erdem et al. 2014, Ocal et al. 2014, Dincer

et al. 2015), were evaluated for the partial characterization
of viral nucleocapsid sequences, as described hereunder.
These specimens had been processed identically as the
screening samples.

Detection of Phlebovirus and Leishmania nucleic acids

Two previously described nested polymerase chain reac-
tions (PCRs), targeting the L and S segments of the viral
genome, were employed for phlebovirus RNA screening in
the collected specimens (Sanchez-Seco et al. 2003, Charrel
et al. 2007). The assays were optimized using Vero cell-
grown TOSV ISS.Phl.3 isolate. The conserved region of the
kinetoplast minicircle of the Leishmania species was targeted
through a previously published nested PCR method (Noyes
et al. 1998). The assay detects several clinically relevant
Leishmania species, with species characterization based on
the product size. All expected amplicons were observed under
ultraviolet light after electrophoresis in 1.5–1.7% agarose gels.

Sequencing and phylogenetic analyses

The cleanup of the amplification products was undertaken
through High Pure PCR Product Purification Kit (Roche
Diagnostics). Subsequently, the sequencing reactions were
performed using an ABI Prism 310 Genetic Analyzer (Ap-
plied Biosystems), with forward and reverse primers em-
ployed for the second step of each PCR. Obtained reads were
aligned and analyzed using Bioedit v7.0.9.0 (Hall et al.
1999), CLC Main Workbench v7.6.4 (CLCBio), and MEGA
software v6.0 (Tamura et al. 2013). Nucleotide and protein
similarity searches were performed using the megablast,
blastn, and blastp tools of the GenBank (http://blast.ncbi.nlm.
nih.gov/Blast.cgi). The appropriate models for the molecular
evolutionary analyses were determined by various tools
provided by MEGA software.

Results

Canine and feline specimens

A total of 210 specimens that comprise 160 (76.2%) canine
and 50 (23.8%) feline plasma were collected throughout the
5-month sampling period. Monthly distribution of the spec-
imens was recorded as 25 (11.9%) in May, 49 (23.3%) in
June, 71 (33.8%) in July, 53 (25.2%) in August, and 12 (5.7%)
in September (Table 1).

Phlebovirus and Leishmania PCR in animal specimens

Three specimens (3/210, 1.42%) revealed detectable
products for the phlebovirus L and S segment PCRs during
the screening. They originated from separate canine speci-
mens, collected in May, July, and September, 2015 (Table 1).
Viral nucleic acids were not detected in any other canine or
feline specimen (207/210, 98.6%). No prominent clinical
symptom was present in any of the PCR-positive dogs.

Leishmania PCR was positive in two canine samples (2/
210; 0.95%), collected during May and July, 2015 (Table 1).
These were characterized as Leishmania infantum, through
amplicon size and sequencing (data not given). The animals
with detectable parasite DNA had skin lesions on various legs
and back, suggesting cutaneous leishmaniasis. No codetec-
tion of Phlebovirus and Leishmania nucleic acids was noted.
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Phlebovirus PCR in archival specimens

Amplification of the S segment in previously collected
specimens revealed positive results in 21 out of 34 cDNAs
(61.7%). The reactive samples comprise 14 canine and 1
feline specimens collected in 2013 as well as three human
plasma or urine specimens collected in 2012 and 2015 from
central Anatolia and eastern Thrace regions (Table 2).

Analysis of Phlebovirus L segment sequences

Sequencing of the L segment PCR products (GenBank
accession numbers: KU248879, KU248880, and KU248881)
revealed all three canine specimens to group with TOSV

genotype B strains (Fig. 1), with an intramural nucleotide
divergence of 2.06–3.09%. Diversity rates of 1.04–2.07%
were also noted with previously identified genotype B strains
from the same region (strains N7 and N9, Fig. 1). Moreover,
the sequences demonstrated 94.82–97.42% similarity to
various genotype B strains from France and Spain, as well as
80.41–81.96% similarity to genotype A strains from Turkey,
France, and Italy. Maximum likelihood analysis supported
genotype distribution and phylogenetic grouping with high
bootstrap values (Fig. 1).

Analysis of Phlebovirus S segment sequences

In addition to the current sequences from dogs (n: 3), a
total of 21 partial S segment sequences were character-
ized in specimens originating from various sources and re-
gions (GenBank accession numbers: KU248882–KU248902)
(Table 2). All animal sequences were significantly conserved,
showing intramural similarity rates of 96.60–100%. No
prominent association of sequence variation rate or divergent
positions with virus genotype was observed (data not shown).
Comparison with sequences from clinical specimens also
revealed a maximum diversity of 3.88% (eight nucleotides).
However, one sequence from central Anatolia, previously
characterized in a patient in 2011 (KE4) (Ergunay et al.
2011), stood out from the group, with 86.44–92.37% iden-
tity matches.

Comparison of the sequences with several TOSV strains
from different endemic regions revealed 34.11–39.35%
similarity rates. However, certain genotype B viruses from
France and Spain (strains AR, 10310, D320390, 159586, and
148128) were observed to be closely related to the Turkish
strains, with significantly higher (96.12–99.03%) nucleotide

Table 1. Distribution of Specimens According

to the Sampling Period, Species,

and Pathogen Detection in the Study

Canine (n = 160) Feline (n = 50)

TOSV Leishmania TOSV Leishmania

+ - + - + - + -

May (n = 25) 1 17 1 17 0 7 0 7
June (n = 49) 0 38 0 38 0 11 0 11
July (n = 71) 1 55 1 55 0 15 0 15
August

(n = 53)
0 37 0 37 0 16 0 16

September
(n = 12)

1 10 0 11 0 1 0 1

Total 3 157 2 158 0 50 0 50

TOSV, Toscana virus.

Table 2. List and Features of the Toscana Virus Sequences Characterized in the Study

No.
Sequence

ID
Genomic
segment Host–specimen Location Collection date

Accession
number

1 N13np L Dog–plasma Mersin May 2015 KU248879
2 N90np L Dog–plasma Mersin June 2015 KU248880
3 N206np L Dog–plasma Mersin September 2015 KU248881
4 N13nc S Dog–plasma Mersin May 2015 KU248897
5 N90nc S Dog–plasma Mersin June 2015 KU248896
6 N206nc S Dog–plasma Mersin September 2015 KU248882
7 N4Anc S Dog–plasma Adana August 2013 KU248889
8 N5Anc S Dog–plasma Adana August 2013 KU248883
9 N6Anc S Dog–plasma Adana August 2013 KU248888

10 N7nc S Dog–plasma Adana August 2013 KU248891
11 N8nc S Dog–plasma Adana August 2013 KU248887
12 N9nc S Dog–plasma Adana August 2013 KU248892
13 N12nc S Dog–plasma Mersin August 2013 KU248886
14 N20nc S Dog–plasma Mersin August 2013 KU248890
15 N27nc S Dog–plasma Mersin August 2013 KU248901
16 N28nc S Dog–plasma Mersin August 2013 KU248900
17 N30nc S Dog–plasma Adana August 2013 KU248893
18 N40nc S Dog–plasma Adana August 2013 KU248895
19 N41nc S Dog–plasma Adana August 2013 KU248884
20 N48nc S Dog–plasma Adana August 2013 KU248894
21 N119nc S Cat–plasma Mersin September 2013 KU248885
22 Ank2012nc S Human–serum Ankara August 2012 KU248899
23 Thr2012nc S Human–serum Tekirdag August 2012 KU248902
24 PU3nc S Human–urine Ankara February 2015 KU248898

L, large; S, small.
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identity matches. These observations were further reflected in
the maximum likelihood analysis, where these strains cluster
with sequences from Turkey, distinct from other TOSV se-
quences (Fig. 2). Various analysis models further supported
these findings (data not given).

Partial amino acid sequences of nucleocapsid protein,
corresponding to the amino acids 76 to 208 of the TOSV
genotype A strain TOSV/Firenze.ITA/1983/2, were further
analyzed (Table 3). A maximum of three amino acid varia-
tions were noted among strains identified in Turkey (between
N206 and N12 strains in positions 81, 100, and 101), in-
cluding the previously characterized KE4 isolate. Substitu-
tions were observed in eight positions (81, 95, 100, 101, 113,
125, 133, and 146). The substitutions S81P, Y95S, S113P,
and Y146 were noted more than one isolate and one divergent
residue (in position 100) were identified among global strains
(Table 3).

Discussion

TOSV infections in dogs and cats have recently been re-
ported, with implications for about the potential reservoir
capability of dogs, as observed in canine leishmaniasis (Bi-
chaud et al. 2011, Navarro-Mari et al. 2011, Es-Sette et al.

2014, Dincer et al. 2015). One goal of this study was to
investigate TOSV in canine and feline specimens to clarify
their role as probable reservoirs in the region where the initial
detection of canine TOSV infections was documented
(Dincer et al. 2015). Nested PCR assays targeting different
regions in the viral genomes were employed for viral RNA
detection. Serological screening was not performed, for
data on previous exposure could only be provided by this
approach.

Among the 210 specimens collected during the sandfly-
active season in 2015, phlebovirus RNA could be detected in
a total of 3 canine specimens (1.42%). The infecting strains
were characterized through sequencing as TOSV, confirming
the occurrence of ongoing infection or viremia in dogs. The
initial documentation from Mediterranean Anatolia com-
prised mainly dogs, where viral RNA could be detected in
15.5% of the specimens (Dincer et al. 2015). The current
results demonstrate new infections in dogs, although with a
lower incidence. Similar to the previous report, no clinical
symptoms ascribable to TOSV were observed in animals with
detectable viral nucleic acids. Previous investigation of the
viremic animal specimens has suggested a continuous
transmission from June to September, which also seemed to
coincide with the emergence of human cases (Dincer et al.

FIG. 1. Maximum likeli-
hood analysis of the phlebo-
virus partial L segment
nucleotide sequences. The
evolutionary distances were
computed using the Kimura
2-parameter model. Boot-
strap values lower than 60 are
not shown. Viruses in the
analysis are indicated with
name, isolate identifier, Gen-
Bank accession number, and
country of detection. Black
circles indicate the sequences
characterized in this study.
Uukuniemi virus isolate Pote-
pli63 is included as an outlier.
L, large; MASV, Massilia
virus; PUNV, Punique virus;
SFNV, Sandfly Fever Naples
virus; TOSV, Toscana virus;
UUKV, Uukuniemi virus.
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FIG. 2. Maximum likelihood
analysis of the phlebovirus partial S
segment nucleotide sequences. The
evolutionary distances were com-
puted using the Kimura 2-parameter
model. Bootstrap values lower than
60 are not shown. Viruses in the
analysis are indicated with name,
isolate identifier, GenBank acces-
sion number, and country of de-
tection. Black circles indicate the
sequences characterized in this
study. Uukuniemi virus isolate Po-
tepli63 is included as an outlier.
GRV, Granada virus; S, small.

TOSCANA VIRUS IN DOGS AND S SEQUENCES 615



2015). The findings in this study also confirm this observation
and demonstrate an even earlier virus activity, becoming
detectable in May (Table 1). Since TOSV has not yet been
detected in sandflies from Turkey, a temporal and spatial
analyses of the infected vectors with vertebrate infections
remain to be performed. Previous reports on animal infec-
tions are scarce, with low-level viremia identified in a goat
from Spain, and virus isolation from neuronal tissues of a
Pipistrellus kuhli bat from Italy (Verani et al. 1988, Navarro-
Mari et al. 2011). Nevertheless, TOSV as well as other
phlebovirus exposure could be revealed through serology in
several endemic countries, lately in Algeria (Tahir et al.
2015). Investigation for viremia through viral nucleic acid
detection and isolation studies must be performed in other
regions with TOSV circulation to elucidate the occurrence
and dynamics of the infections in dogs.

Canine leishmaniasis was detected in two dogs with cu-
taneous lesions in this study. The infecting strains were
characterized as L. infantum, which is known to be endemic
in the region and was previously detected in coinfections
(Dincer et al. 2015). Although no TOSV–Leishmania coin-
fections were detected, the epidemiological connection is
evident, with the seasonal co-occurrence of the infections
(Table 1).

Sequence divergence in L and M genomic segments of
various TOSV strains has been revealed, and the circulation
of two distinct virus lineages or genotypes has been charac-
terized. The strains detected in Italy and Iberian Peninsula are
denoted as genotypes A and B, respectively, whereas the
occurrence of another lineage, tentatively called as genotype
C, is identified in Croatia (Collao et al. 2009, Charrel et al.
2012, Punda-Polic et al. 2012). In some regions such as
southeastern France, genotypes A and B are shown to co-
circulate (Charrel et al. 2007). In this study, all TOSV strains
identified in dogs are characterized as genotype B, according
to the partial L segment sequences, with significant similar-
ities to the sequences of the same genotype reported previ-
ously (Fig. 1). So far, TOSV genotype A has been identified
in all human infections from Turkey (Ergunay et al. 2011,
2015, Erdem et al. 2014, Ocal et al. 2014). However, circu-
lation of TOSV genotype B was reported for the first time in
dogs in 2013 from the Mediterranean Anatolia, as well as
presence of genotypes A and B within the same region
(Dincer et al. 2015). The findings confirm the activity of
genotype B strains, detected 2 years after the initial report
in the region. It appears that the distribution of virus geno-
type within a particular area is dynamic, and introduc-
tion and elimination of virus genotypes are possible, which

Table 3. Amino Acid Substitutions Observed in the Partial TOSV Nucleocapsid Protein

81 89 93 95 100 101 103 113 121 125 129 133 136 141 146 162

N206.Turkey P A S Y G T G S V R E V T I Y D
N41.Turkey P A S S G N G S V R E V T I Y D
N5A.Turkey S A S S G N G S V R E V T I Y D
N12.Turkey S A S Y E N G S V R E V T I Y D
N40.Turkey — — — — G N G S V R E V T I Y D
PU3.Turkey — — — — — — G S V R E V T I Y D
N9.Turkey — — — — — — — S V R E V T I F D
N8.Turkey — — — — — — — S V R E V T I Y D
N30.Turkey — — — — — — — S V R E V T I Y D
N6A.Turkey — — — — — — — S V R E V T I Y D
N7.Turkey — — — — — — — S V C E V T I F D
N119.Turkey — — — — — — — S V R E V T I Y D
N28.Turkey — — — — — — — S V R E V T I Y D
N20.Turkey — — — — — — — P V R E V T I Y D
N48.Turkey — — — — — — — S V R E I T I Y D
N4A.Turkey — — — — — — — P V R E V T I Y D
N13.Turkey — — — — — — — — V R E V T I Y D
N27.Turkey — — — — — — — — V R E V T I Y D
N90.Turkey — — — — — — — — V R E V T I Y D
Ank2012.Turkey — — — — — — — — V R E V T I Y D
Thr2012.Turkey — — — — — — — — V R E V T I Y D
KE.4.Turkey — — — — — — C S V R E V T I Y —
TOSV/Firenze.ITA/

1983/2
S A S Y G N G S V R E V T I Y D

1500590.France S A S Y E N G S V R E V T I Y D
MRS2010-

4319501.France
S A S Y G N G S V R E V T I Y H

EsPhGR40.Spain S A S Y G N G S V R E V T I Y D
T8-09.Croatia S S A Y G N G S I R G V S V Y D

Viral sequences are designated by strain name and country of origin. Positions are given according to the alignment of the complete
nucleocapsid protein of TOSV genotype A strain, TOSV/Firenze.ITA/1983/2 (GenBank accession AIQ84538). All other virus genotypes,
strains with higher similarity on the nucleotide level, and the previously characterized sequence from Turkey (KE.4) were also included.
Substitutions detected in the study are in italics and bold. Positions with identical residues in all strains are excluded. Amino acids not
covered by the available sequences are shown as blank (dashes).

A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; N,
asparagine; P, proline; S, serine; T, threonine; V, valine; Y, tyrosine.
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is presumably affected with the sandfly species active in
the region.

To provide information on the nucleocapsid gene and the
genetic variability of the circulating TOSV isolates in Ana-
tolia, stored archival RNA/cDNAs were evaluated through
the nested S segment PCR, coemployed for screening. Partial
sequences were characterized in 21 specimens originating
from serum, plasma, and urine of canine, feline, and human
subjects, collected in various regions of Anatolia during
2012–2015 (Table 3). Regardless of the virus genotype, these
sequences were observed to be significantly conserved. To
date, only a partial stretch of 153 nucleotides of the TOSV S
genomic segment, originating from serum of a patient pre-
senting with meningoencephalitic symptoms in 2011, has
previously been available from Turkey (Ergunay et al. 2011).
The alignment of this sequence with the current sequences
demonstrated a more emphasized divergence. Comparison of
the partial S segment sequences from Anatolia with those
from various regions with endemic TOSV activity revealed
similarities comparable with the intramural diversity of cur-
rently explored Turkish sequences and with particular ge-
notype B strains characterized in Spain and France (Fig. 2).
Conversely, other genotype B strains originating mostly from
the Iberian Peninsula as well as genotype A strains revealed
notable divergence, with a maximum similarity of 82.04%.
Phylogenetic analyses further supported these observations,
where genotype B isolates closely related to the Anatolian
sequences are clustered as separate clades, distinct from other
TOSV strains and genotypes (Fig. 2).

Previous analyses of complete/partial S segment se-
quences from Italy and Spain, with the predominance of one
particular virus genotype, revealed limited variability in nu-
cleotide and amino acid sequences (Collao et al. 2009,
Baggieri et al. 2015). The findings in this study reveal that the
genetic variation is more pronounced in TOSV strains iden-
tified in Anatolia. This is further supported by the circulation
of the two major virus genotypes, also confirmed for geno-
type B in this study, even within the same surveillance zone.
Furthermore, nucleotide variations leading to substitutions
were observed in 8 residues of the available 132 amino acid
regions (Table 3). Certain substitutions were identified in
more than one local strain and in other strains characterized in
endemic regions. Interestingly, the Y146F substitution is
present in new world phlebovirus isolates such as Buena-
ventura virus, CoAr 171616, CoAr 170255, and VP-334K,
vectored by the Lutzomyia species of sandflies (data not
shown). Thus, some of these substitutions can be hypothe-
sized to reflect adaptive processes to host variation, probably
to various sandfly species. It must be indicated that only
partial sequences, provided through the amplicons of the
screening assays, could be analyzed in this study, which
constitutes the main limitation of the current effort. Virus
isolation and complete genomic characterization are required
to reveal the precise genealogy of the TOSV strains circu-
lating in Anatolia.

Conclusions

Canine infections of TOSV as well as L. infantum have
been identified, 2 years after the initial detection, in Medi-
terranean Anatolia, Turkey. Circulation of TOSV genotype B
strains was demonstrated, confirming the presence of this

lineage. Partial sequences of the S genomic segment revealed
a relatively higher genetic diversity than other endemic re-
gions, with several amino acid substitutions, presumably
associated with host adaptation. Coinfections of TOSV and
L. infantum in the same organism were not characterized,
despite an observed temporal and spatial association of the
two pathogens.

Acknowledgment

Preliminary findings of this study have been presented
orally at the 1st National Virology Days, held during Feb-
ruary 25th–28th, 2016, in Ankara, Turkey. The correspond-
ing author is a recipient of the Georg Forster Research
Fellowship (HERMES) for Experienced Researchers of the
Alexander von Humboldt Foundation, 2015.

Author Disclosure Statement

No competing financial interests exist.

References

Alkan C, Bichaud L, de Lamballerie X, Alten B, et al. Sandfly-
borne phleboviruses of Eurasia and Africa: Epidemiology,
genetic diversity, geographic range, control measures. Anti-
viral Res 2013; 100:54–74.

Baggieri M, Marchi A, Bucci P, Nicoletti L, et al. Genetic
variability of the S segment of Toscana virus. Virus Res
2015; 200:35–44.

Bichaud L, Souris M, Mary C, Ninove L, et al. Epidemiologic
relationship between Toscana virus infection and Leishmania
infantum due to common exposure to Phlebotomus perni-
ciosus sandfly vector. PLoS Negl Trop Dis 2011; 5:e1328.

Charrel RN. Toscana virus infection. In: Ergönül, O, Can, F,
Madoff, L, Akova, M, eds. Emerging Infectious Diseases:
Clinical Case Studies. London: Academic Press, 2014:111–
119.

Charrel RN, Bichaud L, de Lamballerie X. Emergence of
Toscana virus in the Mediterranean area. World J Virol 2012;
1:135–141.

Charrel RN, Izri A, Temmam S, Delaunay P, et al. Cocircula-
tion of 2 genotypes of Toscana virus, southeastern France.
Emerg Infect Dis 2007; 13:465–468.

Collao X, Palacios G, Sanbonmatsu-Gamez S, Perez-Ruiz M,
et al. Genetic diversity of Toscana virus. Emerg Infect Dis
2009; 15:574–577.

Depaquit J, Grandadam M, Fouque F, Andry PE, et al.
Arthropod-borne viruses transmitted by Phlebotomine sand-
flies in Europe: A review. Euro Surveill 2010; 15:19507.

Dincer E, Gargari S, Ozkul A, Ergunay K. Potential animal
reservoirs of Toscana virus and coinfections with Leishmania
infantum in Turkey. Am J Trop Med Hyg 2015; 92:690–697.

Erdem H, Ergunay K, Yilmaz A, Naz H, et al. Emergence and
co-infections of West Nile virus and Toscana virus in Eastern
Thrace, Turkey. Clin Microbiol Infect 2014; 20:319–325.

Ergunay K, Aydogan S, Ilhami Ozcebe O, Cilek EE, et al.
Toscana virus (TOSV) exposure is confirmed in blood donors
from Central, North and South/Southeast Anatolia, Turkey.
Zoonoses Public Health 2012; 59:148–154.

Ergunay K, Kaplan B, Okar S, Akkutay-Yoldar Z, et al. Urinary
detection of toscana virus nucleic acids in neuroinvasive in-
fections. J Clin Virol 2015; 70:89–92.

TOSCANA VIRUS IN DOGS AND S SEQUENCES 617



Ergunay K, Kasap OE, Orsten S, Oter K, et al. Phlebovirus and
Leishmania detection in sandflies from eastern Thrace and
northern Cyprus. Parasit Vectors 2014; 7:575.

Ergunay K, Saygan MB, Aydogan S, Lo MM, et al. Sandfly
fever virus activity in Central/Northern Anatolia, Turkey:
First report of Toscana virus infections. Clin Microbiol Infect
2011; 17:575–581.

Es-Sette N, Ajaoud M, Bichaud L, Hamdi S, et al. Phlebotomus
sergenti a common vector of Leishmania tropica and Toscana
virus in Morocco. J Vector Borne Dis 2014; 51:86–90.

Faucher B, Bichaud L, Charrel R, Mary C, et al. Presence of
sandflies infected with Leishmania infantum and Massilia
virus in Marseille urban area. Clin Microbiol Infect 2014; 20:
340–343.

Hall TA. BioEdit: A user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT.
Nucl Acids Symp Ser 1999; 41:95–98.

Maroli M, Feliciangeli MD, Bichaud L, Charrel RN, et al.
Phlebotomine sandflies and the spreading of leishmaniases
and other diseases of public health concern. Med Vet En-
tomol 2013; 27:123–147.

Navarro-Mari JM, Palop-Borras B, Perez-Ruiz M, Sanbonmatsu-
Gamez S. Serosurvey study of Toscana virus in domestic
animals, Granada, Spain. Vector Borne Zoonotic Dis 2011;
11:583–587.

Noyes HA, Reyburn H, Bailey JW, Smith D. A nested-PCR-
based schizodeme method for identifying Leishmania kinet-
oplast minicircle classes directly from clinical samples and its
application to the study of the epidemiology of Leishmania
tropica in Pakistan. J Clin Microbiol 1998; 36:2877–2881.

Ocal M, Orsten S, Inkaya AC, Yetim E, et al. Ongoing activity
of Toscana virus genotype A and West Nile virus lineage
1 strains in Turkey: A clinical and field survey. Zoonoses
Public Health 2014; 61:480–491.

Ok UZ, Balcioglu IC, Taylan Ozkan A, Ozensoy S, et al.
Leishmaniasis in Turkey. Acta Trop 2002; 84:43–48.

Plyusnin A, Beaty BJ, Elliott RM, Goldbach R, et al. Bunya-
viridae. In: King, AMQ, Adams, MJ, Carstens, EB, Lefko-

witz, EJ, eds. Ninth Report of the International Committee on
Taxonomy of Viruses. San Diego: Elsevier Academic Press,
2012:725–741.

Punda-Polic V, Mohar B, Duh D, Bradaric N, et al. Evidence of
an autochthonous Toscana virus strain in Croatia. J Clin Virol
2012; 55:4–7.

Sanchez-Seco MP, Echevarria JM, Hernandez L, Estevez D,
et al. Detection and identification of Toscana and other
phleboviruses by RT-nested-PCR assays with degenerated
primers. J Med Virol 2003; 71:140–149.

Tahir D, Alwassouf S, Loudahi A, Davoust B, et al. Sero-
prevalence of Toscana virus in dogs from Kabylia (Algeria).
Clin Microbiol Infect 2016; 22:e16–e17.

Tamura K, Stecher G, Peterson D, Filipski A, et al. MEGA6:
Molecular evolutionary genetics analysis version 6.0. Mol
Biol Evol 2013; 30:2725–2729.
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