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Abstract: Sandfly-borne phleboviruses are endemic in countries around the Mediterranean Basin and
pose a significant health threat for populations, with symptoms spanning from febrile diseases to
central nervous system involvement. We carried out a comprehensive cross-sectional screening via
microneutralization (MN) assays for a quantitative assessment of neutralizing antibodies (NAs) to
seven phleboviruses representing three distinct serocomplexes, using samples previously screened
via immunofluorescence assays (IFAs) in Turkey, an endemic region with various phleboviruses in
circulation. We detected NAs to three phleboviruses: Toscana virus (TOSV), sandfly fever Naples
virus (SFNV), and sandfly fever Sicilian virus (SFSV), while assays utilizing Adana virus, Punique
virus, Massilia virus, and Zerdali virus remained negative. The most frequently observed virus
exposure was due to TOSV, with a total prevalence of 22.6%, followed by SFNV (15.3%) and SFSV
(12.1%). For each virus, IFA reactivity was significantly associated with NA detection, and further
correlated with NA titers. TOSV and SFSV seroreactivities were co-detected, suggesting exposure
to multiple pathogenic viruses presumably due to shared sandfly vectors. In 9.6% of the samples,
multiple virus exposure was documented. In conclusion, our findings demonstrate widespread
exposure to distinct pathogenic phleboviruses, for which diagnostic testing and serological screening
efforts should be directed.

Keywords: phlebovirus; sandfly fever; Toscana virus; microneutralization; serology

1. Introduction

Phlebotomine sandflies (Diptera: Psychodidae, Phlebotominae) are capable of transmit-
ting several microbial pathogens including particular bacteria (e.g., Bartonella), parasites
(e.g., Leishmania), and viruses [1]. Viral pathogens vectored by sandflies mainly comprise
phleboviruses, currently classified as a separate genus within the Phenuiviridae family (or-
der Bunyavirales) [2]. As vector arthropods responsible for maintenance and transmission,
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sandflies have a global distribution spanning southern Europe, Asia, Africa, Australia, and
Central and South America, with peak activity in the warmer months of the year [3]. De-
spite having a relatively limited geographic dispersal capacity compared with mosquitoes,
sandflies exhibit an expansion of activity zones owing to changes in the climate and ecosys-
tem, as exemplified by vector abundance and leishmaniasis cases [3,4]. Therefore, increased
incidence of infections or introduction of pathogens into naïve regions, leading to disease
emergence and outbreaks, should be expected [1,3].

Phleboviruses possess a tripartite RNA genome, comprising L, M, and S segments
encoding for the virus replicase (RNA polymerase), glycoprotein precursors, and nucleo-
protein, respectively [2]. To date, over 10 phleboviruses have been documented as human
pathogens in both hemispheres, and they are likely to increase due to the increased use of
diagnostic approaches and natural reassortment events [5]. The majority of phlebovirus in-
fections in exposed individuals result in seroconversion without any clinical disease, which
is commonly observed in regions with endemic virus circulation. Symptomatic phlebovirus
infections frequently present as a self-limited febrile illness (known as sandfly or three-day
fever), typically occurring with a sudden onset of fever accompanied by malaise, anorexia,
photophobia, gastrointestinal symptoms, or skin rash [5–7]. In the Mediterranean Basin,
causative phleboviruses associated with sandfly fever are sandfly fever Sicilian virus (SFSV,
Sicilian phlebovirus species), sandfly fever Naples virus (SFNV, Naples phlebovirus species),
and their variants [1,6,7]. Another Old World phlebovirus, Toscana virus (TOSV, Toscana
phlebovirus species), is unique as an agent of central nervous system infections that manifest
as aseptic meningitis, encephalitis, and meningoencephalitis following the febrile period,
resulting in better chances for virus-specific diagnosis in a clinical setting in regions with
virus circulation [5].

Diagnosis of phlebovirus infections and exposure relies on viremia dynamics and
host immune response, where viral (antigens or nucleic acids) and immune response
elements (IgM and IgG antibodies) can be utilized as targets for detection [5–7]. In general,
virus nucleic acids and antigens coincide with viremia and are mostly detectable during
the first few days of symptomatic infections. Antibody detection in the blood provides
diagnostic utility for a broader timeframe, whereby IgM becomes reactive early within the
first week after disease onset and continues to be positive for weeks or months thereafter,
while IgG appears and increases within the first several weeks to remain detectable for
years following infection, providing an outstanding marker of exposure for serological
screening [5–7]. For TOSV, IgG avidity was observed to reach a plateau phase at 1–3 months
after acute infection and drop substantially within 2 years [8]. Despite high levels of total
anti-TOSV IgG, moderate levels of neutralizing antibodies (NAs) have been detected over
time, suggesting mechanisms other than direct virus neutralization such as antibody-
dependent cellular cytotoxicity and complement-dependent cytotoxicity are involved in
re-exposure protection [8].

Various methods can be used for the detection of phlebovirus antibodies, includ-
ing the hemagglutination inhibition assay, immunofluorescence assay (IFA), enzyme-
linked immunosorbent assay (ELISA), immunoblot (IB) assay, and neutralization-based
assays [7,9,10]. Some of these assays are commercially available and have been developed
utilizing partially purified antigens, infected cells, or recombinant viral proteins. Important
setbacks in antibody detection are serological cross-reactions between antigenically related
phleboviruses, which typically occur among members of the identical or related virus
species—also described as serocomplexes [10,11]. Briefly, pre-existing antibodies against a
particular phlebovirus might produce false-positive assay results due to cross-reactivity,
despite the lack of any cross-protection between viruses. This is particularly evident when
partially purified virus extracts or infected cells are employed as the antigen source for
serological testing [9,10]. Neutralization-based assays are generally regarded as the gold
standard for the confirmation of phlebovirus antibody specificity [10,11]. Based on immune
responses against several antigenic epitopes on viral glycoproteins, neutralization assays
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remain essential to resolve the complex seroreactivity profiles that are likely to occur due to
temporal exposure to several distinct phleboviruses in endemic regions.

Turkey—a Mediterranean country on the Anatolian peninsula and Eastern Thrace—is
situated between diverse biogeographical zones and serves as a natural hub for the disper-
sion of vector-borne viruses among African, Asian, and European continents [12]. Several
sandfly-borne viruses have been documented in Anatolia and Eastern Thrace, including
TOSV and SFSV clades, as well as novel viruses with unknown public health impact [12].
Initial TOSV cases were reported in 2011, and symptomatic infections were identified in
individuals with immunosuppression and in young adults co-infected with West Nile
virus [13–15]. TOSV was further suggested as a potential precipitating vector-borne virus
for Guillain–Barré syndrome in a case–control study [16]. Moreover, symptomatic in-
fections with SFSV and the local SFSV clade—sandfly fever Turkey virus (SFTV)—have
been reported, sometimes with severe presentation including gastrointestinal symptoms,
postinfectious asthenia syndrome, and even central nervous system involvement [17,18].
Despite several reports of acute infections and preliminary findings of seroreactivity in
human and nonhuman vertebrates, information on phlebovirus exposure remains limited
from Turkey [12]. In this study, we carried out an extensive microneutralization-based
quantitative investigation of exposure in IFA-reactive samples, utilizing several well-known
and novel phlebovirus isolates.

2. Materials and Methods
2.1. Samples

A total of 124 sera were overviewed, collected between January and April 2009 at four
major branches of the Turkish Red Crescent Middle Anatolia Regional Blood Center (in
Ankara, Konya, Eskisehir and Zonguldak provinces of Turkey), after informed consent was
obtained from volunteer blood donors. Sera were included in the study according to IFA
findings and availability. The participants underwent a brief medical examination and were
afebrile at the time of the sample collection. Mean participant age was 36.0 (range: 19–63;
SD: 11.02), with 3.2% being women. All participants filled out a questionnaire to reveal the
presence of risk factors for vector-borne infections. The samples were transported on dry
ice and stored in aliquots at −80 ◦C.

2.2. Immunofluorescence Assay (IFA)

Sera were tested using a commercial indirect immunofluorescence assay (IFA) for
sandfly fever phleboviruses (Sandfly fever virus IgG Mosaic I; EuroImmun, Luebeck,
Germany), according to the manufacturer’s recommendations. The assay allows IgG
antibody detection for phleboviruses commonly associated with sandfly fever (SFSV, SFNV,
and sandfly fever Cyprus virus, SFCV, a variant of SFSV), as well as TOSV, and utilizes
cell-culture-grown isolates as the antigen source, located separately on the chip. The results
were interpreted via fluorescence microscopy. Antibody levels were determined at the
single serum dilution of 1:100. Positive results were interpreted as weak (+), moderate
(++), strong (+++), and very strong (++++) according to visual intensity of fluorescence
compared with the serially diluted control sera.

2.3. Microneutralization Assay (MN)

Each serum was tested for neutralizing antibodies using virus isolates representing
three distinct phlebovirus serocomplexes including: (i) TOSV, SFNV, and Zerdali virus
(ZERV) (sandfly fever Naples serocomplex); (ii) SFSV (sandfly fever Sicilian serocom-
plex); and (iii) Adana virus (ADAV) (Salehabad serocomplex). The microneutralization
assay (MN) was performed as described previously (10). Briefly, two-fold serial dilutions
from 1:20 to 1:160 were prepared for each sample and a volume of 50 µL was pipet-
ted into 96-well plates. Viruses were titrated in Vero cells (ATCC CCL81) and 50 µL of
100 TCID50 virus was added into each well except for the controls. The control wells
included 50 µL of minimum essential medium (MEM) enriched with 5% fetal bovine serum,
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1% penicilin + streptomycin, 1% L-glutamine 200 mM, 1% kanamycin, and 3% fungizone.
Following incubation at 37 ◦C for one hour, a 100 µL suspension of 2 × 105 Vero cells/ mL
was added to each well, and the plates were further incubated at 37 ◦C in the presence of
5% CO2. The microplates were visually interpreted under an inverted microscope after five
days (for TOSV, ZERV, and ADAV) and six days (for SFNV and SFSV) for the emergence of
cytopathic effects. Neutralizing antibody titers were expressed at 20, 40, 80, and 160 serum
dilutions, and titers ≥ 40 were interpreted as positive for stringency.

We performed additional MN assays for Punique (PUNV) and Massilia (MASV)
viruses (sandfly fever Naples serocomplex) in samples with detectable SFNV neutralizing
antibodies. In these samples, two-fold serial dilutions from 1:20 to 1:1280 were tested as
explained above. Samples with indeterminate MN results were omitted from the final
datasets following repeat testing. All virus isolates were obtained from the European Virus
Archive (https://www.european-virus-archive.com).

2.4. Statistical Analysis

Statistical analysis was conducted using the IBM SPSS 23.0 statistical package program.
Data were summarized as frequencies and percentages. Relationships between categorical
variables were determined via the Chi square test. The significance level was set at p < 0.05.

3. Results

We selected and tested 124 sera with 11 seroreactivity profiles for various phleboviruses
in IFA (Table 1). Phlebovirus NAs were detected in a total of 50 samples (50/124, 40.3%),
targeting TOSV, SFNV, and SFSV. Individual virus NAs were documented in 38 samples
(38/50, 76%), while dual virus exposure in various combinations was observed in 12 (24%),
with a prevalence of 9.6% (12/124). The break-up of the MN and the associated IFA profiles
are provided in Table 2. Individual IFA and MN findings are provided in Supplemental
Table S1.

Table 1. Immunofluorescence assays (IFA) profiles and microneutralization (MN) findings in the
study cohort.

Frequency Prevalence

IFA (n: 124)

TOSV 33 26.6%
SFSV 13 10.4%
SFNV 5 4.0%
SFCV 3 2.4%

SFSV+SFCV 27 21.7%
TOSV+SFNV 26 20.9%

TOSV+SFNV+SFSV 2 1.6%
TOSV+SFSV+SFCV 1 0.8%
SFNV+SFSV+SFCV 3 2.4%
TOSV+SFNV+SFCV 1 0.8%

TOSV+SFNV+SFSV+SFCV 10 8%

MN (n: 124)

TOSV 28 22.6%
SFNV 19 15.3%
SFSV 15 12.1%

ADAV 0 0.0%
ZERV 0 0.0%

PUNV (n: 11) 0 0.0%
MASV (n: 11) 0 0.0%

TOSV: Toscana virus, SFSV: sandfly fever Sicilian virus, SFNV: sandfly fever Naples virus, SFCV: sandfly fever
Cyprus virus, ADAV: Adana virus, ZERV: Zerdali virus, PUNV: Punique virus, MASV: Massilia virus.

https://www.european-virus-archive.com
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Table 2. Distribution of Immunofluorescence assays (IFA) profiles in microneutralization (MN)
reactive samples.

IFA Profile
MN Profile

TOSV (n: 19) SFNV (n: 9) SFSV (n: 10) TOSV+SFNV
(n: 7)

TOSV+SFSV
(n: 2)

SFNV+SFSV
(n: 3)

TOSV (n: 33) 6 0 0 1 0 0
SFNV (n: 5) 0 3 0 1 0 0
SFSV (n: 13) 0 0 4 0 0 2
SFCV (n: 3) 1 0 0 0 0 0

TOSV+SFNV (n: 26) 8 4 0 3 0 0
SFSV+SFCV (n: 27) 1 1 6 0 1 1

TOSV+SFNV+SFSV (n: 2) 1 0 0 0 0 0
SFNV+SFSV+SFCV (n: 3) 0 1 0 0 0 0

SFSV+ SFCV+TOSV+SFNV
(n: 10) 2 0 0 2 1 0

We compared virus-based NA prevalence and selected demographics and the predo-
nation survey responses of the subjects. No statistically significant correlation was observed
between NA detection of any virus and sex, age strata, location of residence, or history of
frequent outdoor activity (Table 3).

Table 3. Association of microneutralization (MN) detection and demographics or possible risk factors
of the study cohort.

MN

TOSV-
Positive
(n: 28)

p
Value

SFNV-
Positive
(n: 19)

p
Value

SFSV-
Positive
(n: 15)

p
Value

Sex
F (n: 4) 1

1.000
1

0.424
0

1.000
M (n: 120) 27 18 15

Region

Central
Anatolia
(n: 111)

28
0.038

19
0.121

15
0.364

Black Sea
(n: 13) 0 0 0

Age strata *

20–29
(n: 44) 6

0.204

5

0.682

7

0.699

30–39
(n: 33) 9 6 4

40–49
(n: 30) 7 4 3

50–59
(n: 17) 6 4 1

Frequent
outdoor
activity

Yes (n: 75) 20
0.267

10
0.734

8
0.747

No (n: 49) 8 9 7

* Donor ages out of range (19 or ≥60) were added to the closest group (n: 7).

3.1. TOSV NA Seroprevalence Findings

TOSV NAs were present in a total of 28 samples (28/124, 22.6%) observed as the
most frequently documented NAs in the study cohort (Table 1). TOSV-specific antibodies
were the only detectable NAs in 19 sera (17/26, 65.3%), whereas SFNV or SFSV NAs were
also present in the remaining samples (Table 2). They were further identified as the most
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prevalent single virus exposure in the study cohort (17/124, 13.7%). In sera with detectable
NAs, antibody titers of 1/40, 1/80 and 1/160 were observed in 12 (42.8%), 4 (14.3%) and 12
(42.8%) samples, respectively (Table 4).

Table 4. Immunofluorescence assays (IFA) reactivity and neutralizing antibody (NA) titers according
to phlebovirus strains.

TOSV SFNV SFSV

Negative Positive Negative Positive Negative Positive

0
and
1/20

1/40 1/80 1/160 p
Value

0
and
1/20

1/40 1/80 1/160 p
Value

0
and
1/20

1/40 1/80 1/160 p
Value

IFA

TOSV
Positive 49 9 3 12

0.001
57 3 3 5

0.967
71 1 0 1

0.001
Negative 45 3 1 0 38 3 2 3 38 5 3 5

SFNV
Positive 29 6 3 9

0.008
28 3 4 8

<0.001
45 1 0 1

0.113
Negative 65 6 1 3 67 3 1 0 64 5 3 5

SFSV
Positive 46 5 2 1

0.036
44 4 2 1

0.158
41 6 3 6

<0.001
Negative 48 7 2 11 51 2 3 7 68 0 0 0

SFCV
Positive 36 5 2 1

0.128
36 3 2 1

0.407
35 4 2 4

0.089
Negative 58 7 2 11 59 3 3 7 74 2 1 2

In comparisons with NA detection and IFA reactivity, TOSV NAs were significantly
associated with TOSV IFA positivity, which also correlated with NA titers (Supplemental
Tables S2 and S3 and Table 4). Similarly, reactivity in SFNV IFA showed a statistically
significant difference in samples with low- and high-titer TOSV NAs, where high titers were
correlated with reactivity, indicating probable cross-reactions. Interestingly, an association
of TOSV NAs and SFSV IFA was further noted, where low NA titers were associated
with SFSV IFA reactivity (Table 4). These findings indirectly suggest co-circulation of an
SFSV-related virus with shared vectors with TOSV.

3.2. SFNV NA Seroprevalence Findings

SFNV NAs were detected in 19 samples (15.3%) (Table 1) and in 9 (47.3%) as the
single phlebovirus exposure (Table 2). In sera with detectable NAs, antibody titers of 1/40,
1/80, and 1/160 were observed in six (31.5%), five (26.3%), and eight (42.1%) samples,
respectively (Table 4). A correlation with NA detection and SFNV IFA reactivity was ob-
served, with a statistically significant increase in IFA positivity with elevated NA titers. No
association of TOSV or other phlebovirus IFAs with SFNV NAs was noted (Supplemental
Tables S2 and S3, and Table 4). Additional MN tests using MASV and PUNV were negative.

3.3. SFSV NA Seroprevalence Findings

SFSV NAs were present in 15 samples (15/124, 12.1%) (Table 1) and in 8 (53.3%) as
the single phlebovirus exposure. Distribution of NA titers noted as 1/40, 1/80, and 1/160
were found in six (40%), three (20%), and six (40%) samples, respectively. Similar to the
observations for TOSV and SFNV, SFSV NA detection and IFA reactivity were correlated.
A similar association was noted for SFCV IFA as well. A statistically significant increase
in IFA positivity between low and high NA titers was further noted in SFSV but not in
SFCV. An association of TOSV IFA and SFSV NA detection was also observed, but NA titer
correlations could not be established due to the low number of reactive samples (Table 4).
A similar trend was not present for SFNV IFA.

4. Discussion

In this study, we carried out an MN-based evaluation of sera from blood donors with
previous evidence of phlebovirus exposure. For the screening and NA titer determination,
we used established and several recently characterized viruses, a total of seven strains
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in MN assays, making this study the most comprehensive serological evaluation in a
sandfly-borne phlebovirus endemic region.

We detected NAs to three distinct phleboviruses, namely TOSV, SFNV, and SFSV, in
the study cohort. The most frequently observed virus exposure was TOSV, with a total
prevalence of 20.9% and a single agent prevalence of 13.7%. Previous reports have already
documented widespread TOSV exposure in Turkey, with neutralizing antibody prevalence
of 2.9–14.4% in various cohorts, and comparable epidemiological features or risk factors
reported for other endemic countries [12]. Despite the reporting of index cases in 2011 and
the subsequent documentation of additional cases [13–16], TOSV can still be considered
as a neglected agent of virally induced central nervous system infections in Turkey, as
nucleic-acid- or serology-based diagnostics are not readily available for most healthcare
establishments likely to see new cases. Furthermore, TOSV NAs and RNAs were reported
in canine and feline sera, as well as tissues of various wild bird species, suggesting roles
for nonhuman vertebrate and avian vectors in TOSV maintenance or dispersion in the
region [19–21]. Hence, evidence from various sources including this study indicate TOSV
circulation, which should be considered in infections with compatible symptoms.

We further observed SFNV and SFSV IFA reactivity to correlate with TOSV NA
detection in the study. The SFNV findings are not surprising, as TOSV and SFNV are
antigenically related, and serological cross-reactions are well documented [10,11]. How-
ever, SFSV findings require further elaboration. In the study, an association of TOSV IFA
and SFSV NA, albeit a lack of correlation in NA titers, was also documented. Taken to-
gether, these findings suggest potential co-circulation of these viruses resulting in increased
incidence of exposure, which may be due to the temporal or spatial activity of multiple
virus-vectors in a given region as well as shared sandfly vectors. In general, the sandfly
species Phlebotomus perniciosus and Phlebotomus perfiliewi sensu lato are considered efficient
TOSV vectors, whereas SFSV is typically vectored by Phlebotomus papatasi [1,22]. However,
the relationship between phleboviruses and vectors does not seem exclusive, and identical
phleboviruses can be identified within several sandfly species [3]. Interestingly, in the
only available vector screening effort with TOSV detection from Turkey, virus sequences
were identified in Phlebotomus papatasi, Phlebotomus major complex, and Sergentomyia dentata
species [23]. The sandflies belonging in the Phlebotomus major complex were also docu-
mented as the main vector for SFTV, the regional SFSV variant in Anatolia [24]. Therefore,
our MN findings support the previous data from vector screening and suggest that TOSV
and SFSV exposures coincide, possibly due to shared vectors or the presence of several
sandfly species capable of transmitting both viruses. Data from several endemic regions
further indicate that many species of sandfly could be competent for TOSV maintenance
and transmission, likely to harbor and transmit multiple phleboviruses [22]. These findings
should be corroborated in larger cohorts, where the shared vector hypothesis can be further
supported by epidemiological data or virus detection in sandflies.

In the study, the prevalence of SFNV NAs was observed as 15.3%, with single exposure
prevalence of 18%. Similar to the TOSV findings, SFNV NA detection and IFA reactivity
were correlated but not to TOSV or other phlebovirus IFAs. Moreover, we could not
demonstrate NAs of antigenically related ZERV, MASV, and PUNV in the study group
or SFNV-NA-positive samples. Along with SFSV, SFNV is one of the historical agents of
sandfly fever and has been endemic in the Mediterranean Basin, the Middle East, Central
Asia, and Europe [25]. However, the last documented cases date back over three decades,
and the virus has not been detected in any of the relatively recent field surveys around
the Mediterranean Basin [3,25,26]. Similarly, SFNV exposure was reported from residents
or blood donors from central, Mediterranean, and Aegean parts of Turkey, in specimens
spanning from 1955 to 2009, via various methods, without acute or recent cases of SFNV
infections or detection in sandflies [10,12]. Therefore, it is safe to assume that our detection
of NAs represents previous exposure and SFNV may not be actively circulating in Turkey.
The human exposure and potential public health impact of these newly described viruses
still remain to be explored.
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Finally, we detected exposure to the other well-established agent of sandfly fever—
SFSV— in 12.1% of the samples, representing 8% as the single phlebovirus prevalence
in the cohort. Here, SFSV and SFCV IFA reactivity were associated with SFSV NAs de-
tection, and SFSV IFA reactivity significantly increased with NA titers, as observed for
SFNV and TOSV. Similarly, an association of NA detection with TOSV IFA reactivity was
observed; probable explanations with regards to sandfly vectors are provided above. In
parallel with SFNV, historical and recent records of SFSV exposure are available from
Turkey [10,12]. However, it was also identified as the causative agent in symptomatic
cases via nucleic acid detection from various regions in Anatolia [27,28], indicating on-
going virus activity. SFSV and SFCV are closely-related to SFTV, the novel SFSV clade
initially described in samples collected from individuals with febrile disease associated
with sandfly exposure during 2007–2008 [17]. Subsequent reports have described potential
vector sandflies and clinical symptoms, representing a considerably severe form of sandfly
fever [18,24]. We could not perform parallel MN testing utilizing SFTV or SFCV due to
the lack of available virus isolates, one of the main shortcomings of this study. Given the
genome sequence similarities among isolates, some degree of cross-reactions should be
expected to occur in serological assays targeting these viruses. However, it needs to be
investigated whether cross-neutralizing antibodies detectable via MN are produced or
persist in exposed individuals. In addition to sandfly fever, both SFSV and SFTV have been
reported as causative agents in cases with symptoms involving the central nervous system,
comparable to TOSV [29,30]. Hence, diagnostic and screening assays capable of detecting,
and preferably discriminating, SFSV and related phleboviruses are needed.

We could not identify exposure to ADAV, ZERV, PUNV, or MASV in the study. ADAV
was isolated from sandflies collected in Mediterranean Anatolia, with documented human
exposure and a high prevalence of neutralizing antibodies in domestic animals in the
region [31]. It has also been reported in dogs from Greece and Cyprus, indicating activity
around the eastern Mediterranean [11]. Toros virus (TORV) and ZERV are additional
viruses described in sandflies collected from locations in the vicinity of ADAV isolation
and have not yet been tested for human exposure [32]. TORV is included in the SFSV
serocomplex but remains distinct from the SFSV–SFTV–SFCV clade, being closely related
to Corfou virus [32]. We could not test for TORV in this study due to limited sample
availability for further testing. Our PUNV or MASV MN findings suggest the absence of
these phleboviruses, which are in circulation in western parts of the Mediterranean [33,34].
Nevertheless, we identified NAs in various titers for multiple pathogenic phleboviruses of
distinct serocomplexes in 9.6% of the samples, indicating individual exposure to several
pathogenic phleboviruses, which was not reported from particular endemic regions with
sufficient information [35]. Although timing and frequency of virus exposure are hard
to assess using MN in a cross-sectional setting, the exposure patterns and antibody titers
possibly suggest repeated TOSV and SFSV exposure in the study cohort [3,8]. Therefore,
these viruses should be considered as potential etiological agents in individuals with
compatible clinical presentations and in susceptible individuals as well as travel-related
cases.

In conclusion, in an attempt to broadly characterize human exposure to several
pathogenic phleboviruses from distinct serocomplexes, we identified TOSV, SFSV, and
SFNV NAs as individual or combined markers of previous infections in a selected cohort
of blood donors. No evidence of exposure to two local and two global viruses could be
demonstrated. Diagnostic testing and serological screening efforts should be focused on
these pathogens.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/v15091902/s1, Table S1: Background information and IFA-MN
data in individuals enrolled in the study; Table S2: Distribution of IFA and MN findings according to
virus strains; Table S3: IFA intensities and NA titers according to virus strains.
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