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Abstract 

Background  Sicilian virus (SFSV), a phlebovirus transmitted by sand flies, is an understudied arbovirus in the Medi-
terranean region, with limited data on its epidemiology and human health impact. This study aimed to estimate 
the seroprevalence of SFSV among blood donors in mainland Portugal and explore associations with sociodemo-
graphic factors and exposure to other sand-fly-borne pathogens.

Methods  A cross-sectional study was conducted using serum samples from 800 blood donors collected 
between February and June 2022. The study sample was selected from a previously established cohort designed 
for Leishmania seroprevalence assessment. The microneutralization technique was employed to detect anti-SFSV 
antibodies. Sociodemographic data were obtained from self-administered questionnaires. Associations between SFSV 
seropositivity and Toscana virus (TOSV)/Leishmania seropositivity or sociodemographic variables were explored using 
univariate analysis and multivariate logistic regression.

Results  Overall, the estimated national true seroprevalence of SFSV was 4.7% (95% CI 3.4–6.3%). Regional seropreva-
lence varied significantly, with the highest rates (up to 11.9%) observed in the Algarve, Alentejo, and Grande Lisboa 
regions, respectively. In univariate analysis, SFSV seropositivity was not significantly associated with sex, age, dog own-
ership, or positive serology for TOSV or Leishmania. In multivariate analysis, geographic area of residence was the only 
independent factor associated with seropositivity (adjusted odds ratio 3.05; 95% CI 1.85–5.02; p < 0.001).

Discussion  TThis study represents the first nationwide SFSV seroprevalence estimate in Portugal, revealing wider 
circulation than previously recognized. The lack of association with TOSV or Leishmania seropositivity could suggest 
the involvement of distinct vector species.

Conclusions  Given the observed geographic clustering, SFSV should be considered in the differential diagnosis 
of undifferentiated febrile syndromes, particularly in endemic regions during peak sand fly activity. Further research 
is needed to identify specific vectors, improve diagnostic capabilities, and assess the clinical impact of SFSV infections 
in Portugal.

Keywords  Blood donors, Phlebovirus, Portugal, Seroprevalence, Sicilian virus

Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Parasites & Vectors

*Correspondence:
Carla Maia
carlamaia@ihmt.unl.pt
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13071-025-06885-x&domain=pdf


Page 2 of 10Rocha et al. Parasites & Vectors          (2025) 18:261 

Background
The Phlebovirus genus, part of the Phenuiviridae family, 
comprises 68 species [1], some of which are pathogenic 
to humans. These viruses are transmitted by arthropod 
vectors, including phlebotomine sand flies [2]. Phlebovi-
rus species transmitted by sand flies may pose an emerg-
ing risk to human health, especially as climate change 
and globalization expand their geographic distribution.

In the Old World, sand-fly-borne phleboviruses with 
well-documented pathogenic potential in humans are 
currently classified into three species, all of which co-cir-
culate in the Mediterranean region: Naples virus (SFNV; 
Phlebovirus napoliense), Sicilian virus (SFSV; Phlebovirus 
siciliaense), and Toscana virus (TOSV; Phlebovirus tosca-
naense) [3].

Phlebotomus papatasi is the primary vector of SFSV 
in Mediterranean countries, and transmission occurs 
through the bite of infected female sand flies, which are 
most active during the warmer months [4]. Humans are 
incidental hosts, and the role of wild or domestic mam-
mal reservoirs remains unclear.

In humans, infections with SFSV can present a wide 
clinical spectrum, though asymptomatic infection 
appears to be the most common outcome [5]. Among 
symptomatic cases, the most frequent presentation, 
known as sandfly fever or Pappataci fever, typically mani-
fests as a nonspecific, self-limiting febrile syndrome (with 
an average duration of 3 days), often characterized by 
headaches, muscle pain, nausea, and vomiting [5].

No studies have specifically assessed the relative con-
tribution of SFSV to undifferentiated fever cases dur-
ing the warmer months in the Mediterranean. However, 
serological cross-sectional studies of human and animal 
populations in confirmed or potentially endemic areas 
have significantly contributed to the epidemiological 
understanding of this virus. In the Mediterranean Basin, 
SFSV seroprevalence studies in humans have shown rates 
from 0% to 2.2% in Spain [6, 7], from 0% to 1% in south-
ern France and Corsica [8, 9], from 1.1% to 9.2% in Italy 
[10, 11], around 12.1% in Turkey [12], and around 1.3% 
in Tunisia [13]. In Portugal, a single seroprevalence study 
on SFSV, in healthy individuals, reported a value of 4.3% 
in the Península de Setúbal region [14]. Additionally, 
only one symptomatic case, in a child, has been reported 
in Portugal [15]. Finally, in Portugal, recent studies have 
detected seroprevalence rates ranging from 2.2% to 56.3% 
for SFSV in dogs and cats across various regions [16–18]. 
In other countries in the Mediterranean Basin, seroprev-
alence in domestic animals ranged from 4.5% to 71.9% in 
dogs (in Kosovo, Greece, and Cyprus) [19, 20] and 0% to 
53.4% in livestock (in Kosovo and Egypt) [21, 22]. In wild 
animals, an SFSV seroprevalence of 45.5% was deter-
mined in quails in Spain [23]. However, the experimental 

infection of dogs with SFSV did not result in disease in 
these animals, and the detected viremia was low [24]. 
Thus, dogs do not appear to be natural reservoirs for 
these viruses nor play a relevant role in the transmission 
cycle, although they may be exposed to SFSV and serve 
as sentinels for virus circulation.

Although P. papatasi has been identified as SFSV’s vec-
tor, SFSV is also detected in P. ariasi and the P. major 
complex vector species, which may indicate their con-
tribution to SFSV transmission [25]. While P. papatasi 
has only been sporadically recorded in Portugal, P. ariasi 
is present in several Portuguese regions, including the 
Algarve, and is detected in higher numbers in higher lati-
tudes (such as the Douro region) and altitudes (such as 
the Serra da Arrábida). In contrast, P. perniciosus appears 
to be widespread, based on national sand fly surveillance 
data collected since 2016 [26], and is recognized as the 
primary vector of Leishmania infantum and TOSV in 
the western Mediterranean [27]. Evidence suggesting co-
circulation of SFSV with these pathogens remains scarce.

In this study we aimed to estimate the national sero-
prevalence of SFSV among blood donors in mainland 
Portugal through the detection of antibodies using the 
microneutralization technique. Additionally, the study 
explored potential associations between anti-SFSV anti-
bodies and the presence of anti-Leishmania or anti-
TOSV antibodies, as well as various sociodemographic 
factors, lifestyle practices, and pet ownership statuses 
among participants.

Methods
Study population
Data and samples for this work had previously been 
collected for another cross-sectional Leishmania sero-
prevalence study [28]. A detailed description of the 
methodology of the study can be found in  Rocha et  al. 
[28], and a summary is provided in Supplementary 
Table  1. That study targeted the population of people 
who donate blood in mainland Portugal through the Por-
tuguese Institute of Blood and Transplantation (IPST) or 
the immunohemotherapy departments (IHDs) of public 
hospitals in the Alentejo and Algarve regions. Mainland 
Portugal is located in Southwest Europe, bordering Spain 
and the Atlantic Ocean, and is divided into 7 Nomencla-
ture of Territorial Units for Statistics (NUTS) 2 regions, 
24 NUTS3 regions, and 278 municipalities. According 
to the 2021 national census, the population of mainland 
Portugal aged 15–64 years old was 6,257,752 inhabitants 
[29].

Data and sample collection
The individuals enrolled in the original study presented 
to one of the institutions collaborating in the study from 
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February to June 2022 and were considered fit for blood 
donation. Only individuals aged 18–65  years old were 
included, reflecting the standard age range established 
by blood donation protocols. Participant enrollment was 
performed in non-randomly selected blood collection 
sessions, but in each session, invitation to participate in 
the study was random (according to time of presenta-
tion at the blood collection center/station). For the origi-
nal study, each participant filled in a self-administered 
structured paper questionnaire about sociodemographic 
aspects; the information collected through this question-
naire was also used in the present study. Additionally, 
1.5  mL of the serum routinely collected from each par-
ticipant was sent to the Instituto de Higiene e Medicina 
Tropical (IHMT) and stored at –20  °C for the original 
study. Only participants who consented to be included in 
further studies were eligible for the SFSV seroprevalence 
study. Of these (n = 3618), a subsample of 800 donors 
was non-randomly selected, on the basis of the following 
criteria, to explore potential associations between expo-
sure to different sand-fly-borne pathogens: all the par-
ticipants who had a positive serology for TOSV (n = 142) 
were included; additionally, all those with positive serol-
ogy for Leishmania (n = 187) were included, except in the 
NUTS3 region of Área Metropolitana do Porto, where 
a random selection of 15 was made among the positive 
donors (n = 39). A total of 163 participants with positive 
Leishmania serology were included, using these criteria. 
To complete a total of 800 participants, a random selec-
tion was made among those who had a simultaneously 
negative serology for TOSV and Leishmania (numbers 
were assigned according to their position in the database 
and drawn using artificial intelligence). This selection 
considered representativity by NUTS regions—ensuring 
that at least 20 samples were selected from each NUTS3 
region, totaling at least 80 samples per NUTS2 region 
(Table  1). Inclusion of all/most participants with posi-
tive TOSV and/or Leishmania serology allowed a more 
adequate statistical power to assess potential associations 
between seropositivity for these pathogens and the pos-
sible serological cross-reaction particularly between two 
phleboviruses. Although distinct sand fly species are con-
sidered primary vectors for SFSV and TOSV/Leishmania, 
co-exposure in human populations could suggest shared 
ecological niches, overlapping vector distributions, or 
common exposure risk factors for these pathogens.

Categorical variables extracted from the question-
naire were analyzed mostly using the original categories 
provided as answer options, but regrouping was per-
formed in some cases. Classification of professions was 
performed using the European Skills, Competences, 
and Occupations (ESCO) Classification of Occupations, 
developed by the European Commission since 2010. 

Classification of parishes as rural or non-rural followed 
the Portuguese Rural Development Program 2014–2020.

Serological study
Anti-SFSV antibodies were detected by microneutrali-
zation technique. Human sera were heat-inactivated at 
56 °C for 30 min, and then diluted from 1:10 to 1:80 and 
mixed in equal volumes with 1000 50% tissue culture 
infectious dose (TCID50) of SFSV (Sabin strain) in 96-well 
plates. Following a 1-h incubation at 37  °C, 100 μL of a 
Vero E6 cell suspension (5 × 105 cells/mL) was added. 
Each plate included positive and negative controls. After 
5 days, cytopathic effect (CPE) was assessed, and neutral-
ization titers were determined. Detection of antibodies 
in any titer was considered a positive result. A sensitiv-
ity of 98.1% and a specificity of 98.8% were assumed for 
this technique; these were calculated for CPE-based virus 
neutralization test (VNT) with reference to 90% plaque 
reduction neutralization test (PRNT90) for Zika virus [30] 
since data for SFSV are not available, but the same tech-
nique was used.

Anti-TOSV and anti-Leishmania antibodies had pre-
viously been detected in these samples, as described 
in Rocha et al. [28] and [31], respectively.

Statistical analysis
Crude prevalence was calculated for each NUTS2 and 3 
region by dividing the number of positive samples by the 
total number of samples. To calculate the adjusted preva-
lence for each NUTS2 region, a correction was applied 
to the crude prevalence on the basis of the population 
weight of each NUTS3 region within the correspond-
ing NUTS2 region, considering the population aged 
18–65  years. Finally, true prevalence was estimated at 
national level on the basis of the following formula: true 
prevalence (TP) = (adjusted prevalence – 1 + specificity)/
(sensitivity—1 + specificity).

Absolute and relative frequencies and hypothesis test-
ing were performed using IBM® SPSS® Statistics Ver-
sion 29.0. Geographical representation and analysis of 
results was obtained using QGIS® Version 3.22. Descrip-
tive statistics were expressed as absolute frequencies 
and percentages for categorical variables and as medians 
with interquartile intervals (IQIs) for asymmetric con-
tinuous variables (e.g., age). Missing or unknown data 
were excluded from denominators, unless stated oth-
erwise. Comparisons between groups were performed 
using Pearson chi-square test for categorical variables 
(or Fisher’s exact in case of failure of the assumptions of 
the χ2 test). A value of p < 0.05 was considered statistically 
significant.

Multivariate analysis was conducted to identify soci-
odemographic factors associated with SFSV infection. 
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This analysis was performed through a multiple binary 
logistic regression model, analyzing variables with sta-
tistical meaning in the univariate analysis (p < 0.20) and 
some biologically relevant or potentially confounding 
variables. For those variables that remained significant, 
crude odds ratios (ORs) were updated to adjusted odds 
ratios (aORs) with 95% CI. The Hosmer–Lemeshow test 
was used for assessing goodness of fit in each multiple 
logistic regression model [32].

Results
Data and sample collection
In total, 800 participants entered this study, including 142 
with positive TOSV serology and 163 with positive Leish-
mania serology. Globally, 206 of the 278 municipalities of 
mainland Portugal were represented. The median age was 
42 years old, and 52.8% of participants were male. Higher 
education was reported by 35.3% of participants; 72.0% 

had regular contact with domestic animals, 50.4% owned 
dogs, and 27.4% mentioned practicing outdoor activities 
at night. A total of 26.4% reported having nets/screens in 
some or all the windows or doors at home. Additionally, 
50.5% resided in a rural parish, and 23.1% had traveled 
abroad in the previous 2 years.

Serological results
In total, 46 (5.8%) samples had neutralizing antibod-
ies against SFSV. The distribution of positive results by 
NUTS2 and 3 regions is represented in Table 1. Figure 1 
presents the distribution of crude seroprevalence by 
NUTS3 region. National estimated true seroprevalence 
was 4.7% (95% CI 3.4–6.3%). At NUTS3 level, crude sero-
prevalence values ranged from 0.0% to 11.9%, with the 
highest seroprevalences in the Área Metropolitana do 
Porto, Beiras e Serra da Estrela, Alentejo Central, and 
Baixo Alentejo regions.

Table 1  Distribution of positive results by NUTS 2 and 3 region and estimated adjusted prevalence

Region Total samples (n) Positive samples (n) Crude prevalence (%) Adjusted 
prevalence 
(%)

Norte 200 11 5.5 8.0

 Alto Minho 20 1 5.0

 Cávado 24 0 0.0

 Ave 24 2 8.3

 Área Metropolitana do Porto 42 5 11.9

 Alto Tâmega e Barroso 20 0 0.0

 Tâmega e Sousa 24 1 4.2

 Douro 26 2 7.7

 Terras de Trás-os-Montes 20 0 0.0

Centro 151 5 3.3 2.9

 Região de Aveiro 26 1 3.8

 Região de Coimbra 26 0 0.0

 Região de Leiria 25 0 0.0

 Viseu Dão-Lafões 25 1 4.0

 Beira Baixa 23 0 0.0

 Beiras e Serra da Estrela 26 3 11.5

Oeste e Vale do Tejo 80 2 2.5 2.7

 Oeste 28 1 3.6

 Médio Tejo 26 0 0.0

 Lezíria do Tejo 26 1 3.8

Grande Lisboa 105 9 8.6 8.6

Península de Setúbal 80 3 3.8 3.8

Alentejo 99 8 8.1 8.3

 Alentejo Litoral 21 0 0.0

 Baixo Alentejo 26 3 11.5

 Alto Alentejo 26 2 7.7

 Alentejo Central 26 3 11.5

Algarve 85 8 9.4 9.4

Total 800 46 5.8 5.7
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Positive blood donors were found in 35 of the 206 
municipalities sampled (Fig.  2). Of 16 municipalities 
with over ten donors tested, the following presented 
the highest positivity rates, in descending order: Silves 
(15.8%), Lagoa (15.4%), Vila Nova de Gaia (14.3%), Viana 
do Castelo (10.0%), Sintra (9.5%), Lisboa (9.4%), and Por-
timão (9.4%).

Associations between sociodemographic variables 
and asymptomatic infection
In univariate analysis, residing in the Algarve, Alentejo, 
or Grande Lisboa regions and residing in a non-rural 
parish were significantly associated with a positive sero-
logic result (Table 2). Seropositivity was higher in males 
and in people older than 49  years old, although these 

associations did not reach statistical significance. Regu-
lar contact with domestic animals, ownership of dogs, 
positive Leishmania serology, or positive TOSV serology 
were not significantly associated with a positive SFSV 
serology. In multivariate analysis, the only factor asso-
ciated with a positive SFSV serologic result was resid-
ing in the Algarve, Alentejo, or Grande Lisboa regions 
(aOR 3.05; 95% CI 1.85–5.02; p < 0.001) (Supplementary 
Table 2).

Discussion
This study represents the first nationwide SFSV human 
seroprevalence study in Portugal. National true seroprev-
alence was estimated at 4.7%, with regional values rang-
ing from 0.0% to 11.9%. A comparison with a previous 

Fig. 1  Distribution of estimated SFSV seroprevalence values (%) by NUTS3 region
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regional study in which the same serological technique 
was used shows overlapping positivity rates in the Penín-
sula de Setúbal (4.3% versus 3.8%; samples collected in 
2019) [14] NUTS3 region. Furthermore, the regional 
seroprevalence estimates from the present study are sig-
nificantly higher than those reported in other Mediter-
ranean countries, including neighboring Spain, where 
rates ranged from 0.0% to 5.1% across nine provinces 
(confirmed by neutralization assays) in a study conducted 
over two decades ago [6]. However, it should be noted 
that the present study used a subsample of blood donors, 

specifically including those who presented positive serol-
ogy for other sand-fly-borne pathogens, which may have 
influenced the results. Interestingly, in this sample, the 
adjusted prevalence was higher for SFSV than for TOSV 
(5.7% versus 3.7%), which is contrary to findings in 
humans in other endemic areas where both viruses were 
simultaneously tested [7], but is concordant with a previ-
ous study in dogs in Portugal [18].

Factors explaining SFSV seroprevalence in Portugal 
could be related to aspects of the presence, abundance, 
and infection rate of the vectors of SFSV in the country. P. 

Fig. 2  Geographic distribution of blood donors with positive SFSV serology by municipality (the approximate location of district capital cities 
is highlighted)
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Table 2  Distribution of participants by serological result and by category, for sociodemographic variables

a Categories refer to the number of years of formal school education completed
b Category numbers refer to the category numbers of the European Skills, Competences, and Occupations classifications
* Statistically significant

FET Fisher’s exact test, MSc Master of Science, NUTS Nomenclature of Territorial Units for Statistics, Ph.D. Doctor of Philosophy, TOSV Toscana virus

Variables Categories Samples, % (n) Seropositive donors, 
% (n/total N)

p-Value

Sex Male 52.8 (422/799) 6.9 (29/422) 0.152 (χ2 = 2.05; df  = 1)

Female 47.2 (377/799) 4.5 (17/377)

Age (years) 18–24 11.9 (95/798) 4.2 (4/95) 0.845 (χ2 = 1.39; df = 4)

25–34 19.9 (159/798) 6.9 (11/159)

35–44 27.8 (222/798) 5.0 (11/222)

45–54 28.6 (228/798) 6.6 (15/228)

55–65 11.8 (94/798) 5.3 (5/94)

Level of educationa 1–4 2.5 (20/785) 0.0 (0/20) 0.448 (FET = 3.52)

5–9 18.2 (143/785) 4.9 (7/143)

10–12 43.9 (345/785) 5.2 (18/345)

Bachelor’s 26.4 (207/785) 6.8 (14/207)

MSc/Ph.D. 8.9 (70/785) 10.0 (7/70)

Occupationb Student 9.2 (59/640) 5.1 (3/59)

Retired 2.0 (13/640) 0.0 (0/13)

Unemployed 3.6 (23/640) 4.3 (1/23)

0 2.2 (14/640) 7.1 (1/14) 0.895 (FET = 0.62)

1–3 35.5 (227/640) 6.6 (15/227)

4–5 29.1 (186/640) 5.9 (11/186)

6–9 18.4 (118/640) 5.1 (6/118)

Travel abroad (< 2 years previously) Yes 23.1 (182/787) 5.5 (10/182) 0.882 (χ2 = 0.02; df = 1)

No 76.9 (605/787) 5.8 (35/605)

Type of parish of residence Non-rural 49.5 (396/800) 7.8 (31/396) 0.012* (χ2 = 6.25; df = 1)

Rural 50.5 (404/800) 3.7 (15/404)

Regular contact with domestic animals Yes 72.0 (546/758) 5.7 (31/546) 0.810 (χ2 = 0.06; df = 1)

No 28.0 (212/758) 6.1 (13/212)

Regular contact with wild animals Yes 4.8 (35/724) 2.9 (1/35) 0.714 (FET = 0.58)

No 95.2 (689/724) 6.0 (41/689)

Practice of outdoor activities during nighttime Yes 27.4 (200/729) 6.0 (12/200) 0.980 (χ2 = 0.00; df = 1)

No 72.6 (529/729) 6.0 (32/529)

Use of nets/screens in windows/doors Yes (all/some) 26.4 (200/759) 4.5 (9/200) 0.319 (χ2 = 0.99; df = 1)

None 73.6 (559/759) 6.4 (36/559)

Ownership of dog(s) Yes 50.4 (397/787) 5.8 (23/397) 0.950 (χ2 = 0.00; df = 1)

No 49.6 (390/787) 5.9 (23/390)

Positive Leishmania serology Yes 20.4 (163/800) 5.5 (9/163) 0.888 (χ2 = 0.02; df = 1)

No 79.6 (637/800) 5.8 (37/637)

Positive TOSV serology Yes 17.8 (142/800) 7.0 (10/142) 0.466 (χ2 = 0.53; df = 1)

No 82.2 (658/800) 5.5 (36/658)

NUTS2 region of residence Norte 25.0 (200/800) 5.5 (11/200) 0.198 (FET = 8.22)

Centro 18.9 (151/800) 3.3 (5/151)

Oeste e Vale do Tejo 10.0 (80/800) 2.5 (2/80)

Grande Lisboa 13.1 (105/800) 8.6 (9/105)

Península de Setúbal 10.0 (80/800) 3.8 (3/80)

Alentejo 12.4 (99/800) 8.1 (8/99)

Algarve 10.6 (85/800) 9.4 (8/85)
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papatasi has only been detected in the Algarve region in 
recent years. P. ariasi has been identified in several of the 
prospected municipalities in northern and central Portu-
gal, including in Porto, and this could explain the higher 
SFSV prevalence found in Área Metropolitana do Porto 
and Ave regions, where higher humidity and lower sum-
mer temperatures could be more favorable for P. ariasi. 
Phlebotomus perniciosus seems to be widespread in Por-
tugal [26], according to data from national surveillance 
(2016–2023), and this species could also play a role in 
SFSV transmission. However, SFSV has, to date, not been 
detected in sand flies collected in Portugal.

In this study, a likely intense exposure to SFSV is shown 
in areas where it had not previously been documented, 
namely in the Alentejo, Algarve, and Grande Lisboa 
NUTS2 regions. Although some of these areas overlap 
with regions with higher Leishmania and/or TOSV sero-
prevalence, no statistically significant association was 
found between a positive individual serology for these 
pathogens and SFSV. This could indicate that the vectors 
of SFSV in Portugal could effectively differ from Leishma-
nia and TOSV vectors, although the ecological niches for 
all of them could be similar. One study showed, however, 
a serological association between L. infantum and SFSV 
in sheltered dogs from southern Portugal [17]. Different 
studies showed conflicting results regarding the asso-
ciation between SFSV and TOSV seropositivity [10, 12]. 
Additional studies could provide further insights into the 
vector species and the environmental and sociodemo-
graphic factors associated with the differential exposure 
to these sand-fly-borne pathogens in Portugal. Recent 
studies have increasingly recognized the presence of 
other phleboviruses, such as Massilia and Alcube viruses, 
in certain regions of Portugal, particularly in the Penín-
sula de Setúbal and Algarve areas, highlighting the com-
plex phleboviral landscape in these endemic regions [33].

In this study, no factors were found to be significantly 
associated with a seropositive SFSV result besides 
geographic location of residence. In previous stud-
ies, increasing age [34] and female sex [14] have been 
associated, although inconsistently, with a positive 
serology for SFSV. Additionally, travel history may play 
a role in seropositivity, as exposure can occur outside 
the place of residence [35]. In the present study, no 
significant association was found between a positive 
result and travel abroad in the previous 2 years; how-
ever, travel to different regions within the country was 
not assessed. Residing in a non-rural area was associ-
ated with positive serology in univariate analysis, which 
could be partially explained by the endophilic behav-
ior of P. papatasi [36], the vector of SFSV. This species 
can thrive in human-inhabited environments in Europe 
[37], potentially increasing exposure risk in non-rural 

areas. However, this association did not remain signifi-
cant in multivariate analysis, likely due to confounding 
with regional factors such as the high seroprevalence 
observed in the Grande Lisboa region, where most par-
ishes are classified as non-rural.

In summary, these findings and the previous stud-
ies, suggest that, in Portugal, raised clinical awareness 
for SFSV should be promoted, especially in the Algarve, 
Alentejo, and Grande Lisboa regions. SFSV should be 
considered in the differential diagnosis of undifferenti-
ated febrile syndrome, especially in the months of May–
October, considering knowledge on the seasonal activity 
of phlebotomine sand flies in Portugal [38]. This clini-
cal approach will also rely on the availability of molecu-
lar biology and serology techniques to detect SFSV in 
endemic areas. Neutralization-based assays are gener-
ally regarded as the gold standard for the confirmation 
of Phlebovirus antibody specificity [39], but these tech-
niques are labor-intensive and require live viruses, lim-
iting their wide-scale implementation. Alongside raising 
clinical awareness in these regions, it is equally impor-
tant to enhance public education on personal protective 
measures, such as the use of repellents, as well as envi-
ronmental management strategies of living spaces to 
reduce suitable vector breeding sites.

In spite of the many caveats for the use of serology 
for individual determination of previous SFSV infection 
status, the detection of antibodies can be relevant from 
a public health perspective, especially when comparing 
the findings between different regions and by crossing 
the results with distribution of human cases and evi-
dence from SFSV in mammals and vectors, following a 
One Health approach. This knowledge could be helpful in 
controlling human SFSV infections, highlighting regions 
where environmental interventions to reduce phleboto-
mine breeding sites and increased adherence to the use 
of arthropod repellent by humans (from dusk to dawn) 
could be recommended. Future research should focus 
on understanding the specific ecologic niches of SFSV in 
Portugal.

Assessment of sand-fly-borne phleboviruses in blood 
donors could be relevant beyond epidemiological surveil-
lance. The detection of antibodies in blood donors raises 
concerns about the potential transmission of sand-fly-
borne phleboviruses to virus-naive individuals through 
blood transfusions or organ transplantation. Although, 
to the authors’ knowledge, there are no confirmed cases 
of transfusion- or transplant-associated transmission of 
SFSV or other phleboviruses such as TOSV, the possibil-
ity remains a theoretical risk. This highlights the impor-
tance of continued surveillance and further research to 
assess potential implications for blood and organ safety, 
particularly in endemic areas.
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These findings cannot be transposed to the general 
Portuguese mainland population, since only healthy peo-
ple aged 18–65 years were included, and the profile of 
people who donate blood could be different from the age-
matched general population in each region and between 
regions. In addition, the representativeness even of the 
blood donor population itself could have been affected 
by the difficulty in obtaining a truly probabilistic sample, 
due to logistic constraints in some regions. The timing of 
sample collection should also be considered when inter-
preting these results. As most samples were collected 
before the typical sand fly activity season in Portugal 
(May–October), the detected antibodies likely reflect 
exposure from previous seasons. However, 13.8% of the 
samples were collected during May or June, which could 
coincide with the early phase of sand fly activity. While 
this may allow for the possibility of recent infections in a 
small number of cases, overall seropositivity in this study 
is presumed to represent past exposures.

Conclusions
In conclusion, this study provides the first national 
estimate of SFSV seroprevalence in mainland Portu-
gal, revealing a true prevalence of 4.7%, with significant 
regional variation. These findings suggest a wider circula-
tion of SFSV in the country than previously recognized, 
particularly in the Algarve, Alentejo, and Grande Lisboa 
regions. Despite no clear associations with sociodemo-
graphic factors beyond geographic area of residence, the 
study underscores the need for increased clinical aware-
ness of SFSV, especially in cases of febrile illness during 
peak months for sand fly activity. The absence of a signifi-
cant association with TOSV or Leishmania seropositivity 
reinforces that distinct vector species may contribute to 
SFSV transmission in Portugal, warranting further ento-
mological studies. Future research should focus on clari-
fying the specific vectors involved, improving diagnostic 
capabilities, and assessing the clinical impact of SFSV 
infections in Portugal.
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