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Abstract

Southern Europe, and Italy in particular, has historically been exposed to repeated incursions of orbiviruses, including
multiple bluetongue virus (BTV) serotypes and epizootic haemorrhagic disease virus serotype 8. Sardinia, Italy
represents a key sentinel location due to its geographic position in the Mediterranean basin. In August 2025, fatal
bluetongue cases in sheep were reported in Sardinia during a period of intense BTV circulation in Italy, characterised
by widespread outbreaks associated with BTV-3 and BTV-8. These clinical samples tested positive for BTV but could
not be serotyped using the available real-time RT-PCR assays. Whole-genome sequencing identified the causative
agent as BTV serotype 5 (BTV-5), representing the first detection of this serotype in Europe. The virus was also
successfully isolated in cell culture. Segments 2 and 6 showed the highest nucleotide identity with a BTV-5 strain
identified in Nigeria in 1982, whereas the rest of the genome seems to be composed by gene segments originating
from multiple BTV serotypes circulating in Africa and Europe. At the time of writing, no official reports of BTV-5
circulation were available from Northern Africa; however, during the editorial process, BTV-5 was reported in Tunisia,
further supporting the Mediterranean basin as a single interconnected epidemiological ecosystem for orbivirus
emergence and spread.

Keywords

Bluetongue, BTV-5, Genomic characterization, Italy

Short Communication
Bluetongue virus (BTV) is the aetiological agent of bluetongue (BT), a non-contagious, vector-borne disease primarily
affecting domestic and wild ruminants (Mellor et al., 2000; MacLachlan, 2010). BTV belongs to the genus Orbivirus
within the family Sedoreoviridae and possesses a double-stranded RNA genome composed of ten segments that
encode seven structural (VP1–VP7) and five non-structural proteins (NS1–NS5) (Schwartz-Cornil et al., 2008; Ratinier
et al., 2011; Roy, 2017). BTV strains are classified into distinct serotypes based on antigenic and genetic variation in
segment 2 (Seg-2), which encodes the outer capsid protein VP2, the major determinant of serotype specificity and the
primary target for molecular serotyping and genotyping assays (Maan et al., 2007; Roy, 2017). Beyond serotype
classification, BTV strains are also grouped into major phylogeographic lineages, commonly referred to as western
and eastern topotypes, reflecting their historical geographical origins and evolutionary trajectories (Mertens et al.,
2005; Cappai et al., 2019; White et al., 2019). These topotypes differ substantially at the nucleotide level across
multiple genome segments and can influence reassortment dynamics and emergence patterns (Carpi et al., 2010;
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Nomikou et al., 2015; White et al., 2019).

Transmission of BTV occurs through the bite of infected Culicoides spp. midges, which act as biological vectors
(Verwoerd and Erasmus, 2004; MacLachlan, 2010). Sheep, the most susceptible domestic species, often develop
overt clinical disease characterized by fever, facial oedema, oral ulcerations, lameness and, in severe cases, cyanosis
of the tongue and death. In contrast, BTV infection in cattle is generally subclinical, although notable exceptions exist;
nevertheless, cattle play a pivotal epidemiological role as reservoirs that sustain viral circulation and facilitate
geographical spread (MacLachlan, 2010; Coetzee et al., 2012).

To date, up to 36 BTV serotypes have been described, including 24 classical and 12 atypical serotypes (Ries et al.,
2020; Ries et al., 2021). Classical serotypes are those historically associated with clinical BT and official control
measures, and they largely fail to confer cross-protective immunity (Jimenez-Clavero et al., 2012; Martinelle et al.,
2018; Fay et al., 2021). The simultaneous circulation of multiple serotypes, as currently observed in Italy and other
European countries, complicates vaccination strategies and diagnostic workflows, particularly in the absence of
multivalent vaccines and comprehensive diagnostic reagents.

In Sardinia, BTV-3, BTV-8 and BTV-4 have co-circulated in recent years, with BTV-3 and BTV-8 accounting for most
reported cases (Plebani et al., 2025). Between late August and early September 2025, two sheep from two different
farms located in the Sulcis-Iglesiente province of Sardinia died after exhibiting clinical signs consistent with BT. Initial
diagnostic testing was performed at the Istituto Zooprofilattico Sperimentale della Sardegna (IZS Sardegna) using a
real-time RT-PCR targeting Seg-10 (NS3; real-time RT-PCR_NS3), which yielded positive results for BTV.

Subsequent serotype identification was attempted using a panel of real-time RT-PCR assays targeting Seg-2 of BTV
serotypes known to circulate in the Mediterranean basin (real-time RT-PCR_BTV-EUR, Lorusso et al., 2018; Portanti
et al., 2023). All samples tested negative by these assays, suggesting infection by a BTV strain not covered by the
available serotyping/genotyping panel.

To further characterize the virus, samples were shipped to the National Reference Laboratory for Bluetongue (NRL-
BT) at the Istituto Zooprofilattico Sperimentale dell’Abruzzo e del Molise (IZSAM). BTV positivity was confirmed by
real-time RT-PCR targeting Seg-10 (NS3), with Ct values of 21.2 and 30.4 for the two samples, respectively.
Consistent with IZS Sardegna’s results, all samples tested negative in the BTV-EUR real-time RT-PCR assays and
were therefore classified as BTV-positive but non-typable using the currently available molecular typing tools.

The sample with the lowest Ct value (internal ID: 2025.TE.22547.1.1) was selected for whole-genome sequencing
(WGS). Following DNase treatment, RNA was purified using the RNA Clean & Concentrator kit (Zymo Research,
Irvine, CA, USA) and processed using a SISPA-orbivirus protocol based on random-tagged primers (FR26RV-N:
GCCGGAGCTCTGCAGATATCNNNNNNN) and orbivirus-specific tagged primers targeting conserved segment
termini (FR-BT_F: GCCGGAGCTCTGCAGATATCGTTAAAN; FR-BT_R:
GCCGGAGCTCTGCAGATATCGTAAGTN) (Marcacci et al., 2016; Sghaier et al., 2022). Reverse transcription was
performed using the SuperScript™ IV kit (Life Technologies, Carlsbad, CA, USA) with primers FR26RV-N and FR-
BT_R, followed by second-strand cDNA synthesis using FR-BT_F and Klenow Fragment (3′→5′ exo-) (New England
Biolabs, Ipswich, MA, USA). PCR amplification was carried out using primer FR20_Rv
(GCCGGAGCTCTGCAGATATC) and Q5® Hot Start High-Fidelity DNA Polymerase (New England Biolabs, Ipswich,
MA, USA). Amplified products were purified using Expin™ PCR SV (GeneAll Biotechnology, Seoul, Korea), quantified
with the Qubit® DNA HS Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA), and 100 ng of DNA was used for
library preparation with the Illumina DNA Prep kit. Sequencing was performed on a NextSeq 1000 platform (Illumina,
San Diego, CA, USA) using the NextSeq™ 1000/2000 P2 XLEAP-SBS™ Reagent Kit (300 cycles), generating paired-
end reads of 150 bp.

Sequencing yielded 6,537,922 raw reads with an average Phred quality score of 37.73. Bioinformatic analysis was
performed using the GENPAT platform (https://genpat.izs.it/). Host reads (Ovis aries, NCBI GCF_002742125) were
removed using the “Host depletion and de novo” pipeline, followed by de novo assembly with SPAdes (Bankevich et
al., 2012). Contigs were screened using the “3TX_Species” tool against BTV reference sequences (taxid: 40051) in
the NCBI database. The best-matching reference for each segment was imported into GENPAT, and consensus
sequences were generated using the “Mapping segmented virus” tool (iVar v1.4.4).

Complete consensus sequences (horizontal coverage, Hcov, 100%) were obtained for Seg-1, -3, -4, -5, and -6, near-
complete sequences for Seg-2 (Hcov 90%) and Seg-8 (Hcov 96.6%), and partial sequences for Seg-7 (Hcov 45%),
Seg-9 (Hcov 67.9%) and Seg-10 (Hcov 59.2%). BLAST analysis of Seg-2 and Seg-6 revealed the highest nucleotide
identity with BTV-5 Nigeria 1982, showing 96.56% identity for VP2 and 98.09% for VP5, enabling serotype
identification as BTV-5. The remaining genome segments displayed a likely reassortant constellation involving
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segments related to BTV-2, -3, -4, and -8 strains reported in Africa and Europe over recent decades, consistent with
the pervasive reassortment potential of segmented orbiviruses (Carpi et al., 2010; Nomikou et al., 2015; Plebani et al.,
2025).

Following confirmation, the outbreak was officially reported to the Italian Ministry of Health, which subsequently
informed the World Organisation for Animal Health (WOAH) and the European Commission. As a precautionary
measure, from 30 September 2025 onward, movements of susceptible animals out of Sardinia and from southern to
northern areas of the island were prohibited. Due to the absence of specific diagnostic assays, a real-time RT-PCR
targeting Seg-2 of the Italian BTV-5 strain (real-time RT-PCR_BTV-5) was developed. Primer and probe sequences
were: BTV-5_ITA2025_Fw (GCCATTTCATACAGATATATATCGATAG); BTV-5_ITA2025_Rv
(GCTCCACGTTATACATTCCACA); BTV-5_ITA2025_Probe
([HEX]TGAATCCAAAGGATGTGACCATACACAG[BHQ2]).

The assay was optimized using the TaqMan™ Fast Virus 1-Step Master Mix (Thermo Fisher Scientific, Waltham, MA,
USA), with final concentrations of 400 nM for primers and 200 nM for the probe. Cycling conditions included RNA
denaturation at 95°C for 3 min, followed by reverse transcription at 45°C for 10 min, polymerase activation at 95°C
for 10 min, and 40 amplification cycles of 95°C for 15 s and 60°C for 1 min. Testing of 84 previously non-typable
Sardinian samples collected between August and September 2025, primarily sheep blood samples, confirmed that all
were positive for BTV-5 (data not shown).

Virus isolation was successfully achieved by propagation of blood samples on KC cells (1 passage) followed by two
passages on Vero cells. RNA extracted from culture supernatants was sequenced using the same SISPA-orbivirus
and Illumina workflow (Marcacci et al., 2016; Sghaier et al., 2022). The resulting isolate, designated BTV-5 ITA2025,
generated 8,871,708 raw reads with an average quality score of 37.81. Complete consensus sequences (Hcov 100%)
were obtained for all ten segments, with vertical coverage ranging from 70.97× to 2712.63×. Sequences were shared
with the GenBank database under the following accession numbers (PX460302-PX460311) (Table I). For Seg-2, the
closest match was BTV-5 Nigeria 1982 (96.61% nt identity), followed by two BTV-5 strains from the USA - identified in
2003 and 2022- with lower nucleotide identities (85.68% and 84.69%). Seg-6 showed a similar pattern, with the
highest identity to the Nigerian strain and lower identities to South African BTV-5 strains isolated in 1953 and 2004.
Overall, the genome constellation of BTV-5 ITA2025 reflects a likely reassortant virus composed of segments related
to BTV serotype 2, -3, -4, -8, and -18 circulating in Africa, consistent with documented reassortment processes in BTV
evolution (Nomikou et al., 2015; White et al., 2019). Phylogenetic analysis of Seg-2 was performed using the Auspice
toolkit (v2.53.0) integrated into GENPAT. Maximum-likelihood trees generated with IQ-TREE and based on 38 BTV-5
Seg-2 sequences available in NCBI revealed a close genetic relationship between BTV-5 ITA2025 and BTV-5 Nigeria
1982 (AJ585182.1), while BTV-5 strains reported in India, Israel, China, Australia, and the USA clustered into distinct
clades (Figure 1).

Figure  1. Maximum Likelihood tree obtained by IQ-TREE of 38 Seg-2 sequences of BTV-5 strains available in NCBI database. Confidence values
higher than 70% are displayed.
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Table  I. Results of BLAST analysis of the ten genomic segments of BTV-5 ITA2025. The first three sequences with the highest % of nt identity
were reported.

Since 1998, Southern Europe has been repeatedly affected by incursions of multiple BTV strains belonging to different
serotypes and topotypes, facilitated by vector habitat suitability and climatic connectivity across the Mediterranean
basin (Calistri et al., 2004; Hammami, 2004; MacLachlan, 2010). Within this epidemiological framework, the
emergence of BTV-5 in Sardinia appears compatible with previously documented introduction pathways, including
wind-borne dispersal of infected Culicoides from North Africa. A comparable hypothesis was proposed for the
incursion of epizootic haemorrhagic disease virus serotype 8 (EHDV-8) into Italy, which affected areas overlapping
those later involved in the BTV-5 outbreak and was also plausibly introduced via infected vectors originating from
North Africa (Martinez et al., 2025; Portanti et al., 2025). Therefore, a Northern African origin for the Sardinian BTV-5
strain is probable. However, unlike the situations documented for BTV-3 and EHDV-8 — for which sustained
circulation had been demonstrated in Tunisia through long-term collaboration and genomic surveillance (Sghaier et al.,
2017; Lorusso et al., 2018; Sghaier et al., 2022; Lorusso et al., 2023) — at the time of initial investigation no official
reports of BTV-5 circulation were available from Northern African countries. During the editorial process of the present
report, BTV-5 was subsequently officially notified in Tunisia and reported through the WOAH WAHIS platform
(https://wahis.woah.org/#/in-review/7169), further supporting the hypothesis that the Mediterranean basin represents a
single, highly connected epidemiological ecosystem for orbivirus emergence and spread. Notably, the Tunisian
detection was supported by laboratory confirmation performed in Teramo, reinforcing the value of cross-
Mediterranean diagnostic and genomic capacity-building initiatives. Sequencing analysis on the Tunisian samples is
currently ongoing. 

The present report is intended as a preliminary description of the emergence of this novel serotype in Italy. Its
immediate value lies in supporting rapid development, validation, and sharing of diagnostic assays, thereby
strengthening preparedness and response capacity. A comprehensive epidemiological characterization of BTV-5 in
Sardinia will follow and will address spread, host range, clinical impact, and the potential role of domestic and wild
ruminants in maintaining transmission cycles. Furthermore, the involvement of reassortant strains with BTV strains
already circulating in Sardinia cannot be excluded and warrants careful investigation, particularly in a setting where
multiple serotypes co-circulate and reassortment can occur (Carpi et al., 2010; Nomikou et al., 2015; Plebani et al.,
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2025). Importantly, even if the number of BTV-5 outbreaks remains limited in the short term, the development of
vaccines targeting this serotype should be considered. Historical evidence from BTV-3 supports this precautionary
approach: after its initial detection in Italy, BTV-3 circulated at low levels and later re-emerged with increased outbreak
numbers, in parallel with reassortant forms involving endemic serotypes (Nomikou et al., 2015; Sghaier et al., 2017;
Lorusso et al., 2018). While reassortment does not inherently imply increased virulence, these observations reinforce
that VP2-defined serotypes may persist and re-emerge under favorable ecological and epidemiological conditions
(MacLachlan, 2010; Nomikou et al., 2015).

To date, active outbreaks caused by BTV serotypes 3, 4, 5, and 8 have been reported in Sardinia. The co-circulation
of multiple serotypes in a restricted geographical area underscores the importance of integrated genomic surveillance
within BT control programmes, including whole-genome sequencing to rapidly identify novel serotypes and monitor
reassortment (Nomikou et al., 2015; White et al., 2019). Vaccination campaigns, movement restrictions and vector
surveillance remain essential pillars of disease control (MacLachlan, 2010). The recent emergence of BTV-3 and other
serotypes in Northern Europe and BTV-5 in Sardinia illustrates an increasingly complex and dynamic BT
epidemiological landscape in Europe, reinforcing the need for sustained genomic surveillance and cross-
Mediterranean capacity-building.

Conclusion
At present, the geographical distribution of BTV-5 in Sardinia remains only partially defined. A total of 104 outbreaks
have been reported, including 50 outbreaks attributed solely to BTV-5 and 54 outbreaks involving co-infections with
BTV-3 and/or BTV-8, which have been mainly detected in the southern part of the island. However, the true extent of
virus circulation may be underestimated, as asymptomatic infections — particularly in cattle and goats — can remain
undetected. A dedicated study combining serological and molecular surveys to better define the spread of BTV-5
across Sardinia is currently underway and will provide essential data to refine risk assessment and control strategies.
These investigations will also be crucial to better characterise BTV-5-associated morbidity and mortality, including
potential species-specific clinical outcomes and the impact of co-infections on disease severity.
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