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Abstract: Between 2006 and 2010, northwestern Europe experienced its first significant
bluetongue virus (BTV) outbreak, driven by the spread of BTV-8, which had major reper-
cussions on the European livestock sector. While BTV-3 was first identified in Europe in
Italy in 2017, a new introduction of the virus was reported in 2023, in the Netherlands, and
subsequently spread rapidly across the continent. A limited number of BTV-3 outbreaks
were notified in Belgium in 2023, leading to the loss of its BT V-free status. In the following
year, 2024, the virus spread throughout the country in a short time period. This study
describes the impact of BTV-3 circulation in Belgium in 2024, detailing both its geographic
spread and the associated increase in mortality, reduced births recorded, and decline in
milk production among ruminants. Furthermore, preliminary results on the effectiveness of
field vaccination and maternal immunity transfer are presented, as well as critical gaps that
hinder the development of a robust, evidence-based management strategy. As the epidemio-
logical situation is expected to become more complex in the future, due to the co-circulation
of multiple BTV serotypes and other Culicoides-borne diseases, such as EHDV, effective
collaboration and communication among stakeholders and international authorities will be
crucial for implementing measures to mitigate the spread of these diseases.

Keywords: bluetongue; virology; epidemiology; vector-borne disease; animal health;
vaccination
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1. Introduction

Bluetongue (BT) is a vector-borne viral disease transmitted by Culicoides midges. It
is caused by bluetongue virus (BTV), a non-enveloped virus belonging to the Orbivirus
genus within the family Sedoreoviridae, with a segmented genome consisting of 10 dsRNA
segments encoding for seven structural proteins and at least four non-structural proteins [1].
As a result of the high variability of VP2, the structural protein encoded by segment 2, many
BTV serotypes have been described [2]. Of these, 24 are classified as “typical serotypes’
and are notifiable under the Animal Health Law. Serotypes 1 to 24 are transmitted by
midges. This does not seem to be the case for the ‘atypical serotypes’ 25 to 36, which have
been shown to spread via direct contact between animals [3-5]. Moreover, the segmented
genome organization of this virus leads to genomic segment reassortment possibilities
which can play a role in virus evolution [6].

After a few sporadic incursions, BTV started to circulate in Europe between 1998
and 2005 with the detection of at least 5 serotypes (BTV 1, 2, 4, 9 and 16). Initially, the
virus spread remained limited to the Mediterranean Basin. A first BTV-8 epidemic swept
across northwestern Europe between 2006 and 2010, first reported in the Netherlands
before spreading to Belgium, Germany, France and Luxembourg [7]. Between 2010 and
2023, different BTV outbreaks were notified in northern Europe associated with BTV-8
re-emergence as well as incursions of other BTV serotypes (e.g., BTV-4). Currently, a new
BTV epidemic is spreading across Europe, this time linked to BTV-3. Although BTV-3
was first identified in Europe in Italy in 2017 [8], a new incursion was detected in the
Netherlands in 2023 [9,10].

The disease has a seasonal distribution depending on the abundance of active vector
populations, which is mediated through meteorologic conditions. In northwestern Europe,
virus circulation and associated disease mainly occur from late spring to mid-autumn,
corresponding to the period with an estimated optimum temperature of 20-21 °C for the
activity of Culicoides from the Obsoletus group [11,12].

Many ruminant species are susceptible to BTV infection, but clinical presentation
is species and strain/serotype-specific. Sheep are usually more severely affected than
other domestic ruminants such as cattle or goats [13]. Clinical manifestations in sheep
during the recent BTV-3 outbreak included hyperemia, apathy, hypersalivation and nasal
discharge, erosions and ulcerations of the oral and nasal mucous membranes, facial edema,
lesions of the coronary bands, lameness, and death [10,14]. This BTV-3 strain was also
reported to induce BT-like clinical signs in cattle, and to a lesser extent in goats, ranging
from subclinical and mild disease to severe manifestations, including death [14].

In addition to clinical disease, BTV circulation can also have a major economic impact
on herds: first, through reduced animal production (e.g., milk yield and weight gain)
and effects on reproduction (e.g., reduced fertility, abortion, congenital malformations);
second, through international trade restrictions [9,15-17]. Although limited specific data
are currently available on BTV-3, some impacts on production performances have already
been reported based on increased mortality rates and drops in milk production, as well as
suspected reduced reproductive performance [14,18,19].

BTV-3 control in Europe is further complicated due to the concomitant circulation
of other BTV serotypes and Epizootic Hemorrhagic Disease virus serotype 8 (EHDV-8),
another Culicoides-borne virus belonging to the same genus. All of these are notifiable
diseases, yet it is impossible to distinguish them only based on clinical manifestation.
In France, the concomitant presence of EHDV and BTV-3, 4 (Corsica) and 8 is currently
complicating their control, while the detection of a BTV-12 introduction in the Netherlands
was delayed due to the concomitant circulation of BTV-3 [20,21].



Viruses 2025, 17,521

30f19

After its emergence in the Netherlands, a limited number of BTV-3 cases were also
reported in Belgium in autumn of 2023, leading to the loss of its BT V-free status, although
the extent of spread remained very limited. This was different in 2024, when a BTV-3
epidemic spread throughout the country from July onwards. The aim of this study is to
describe the spread of the disease in Belgium over time in 2024, to evaluate its impact
on production performances and to identify the current knowledge gaps hindering a
scientifically underscored control program.

2. Materials and Methods
2.1. Confirmatory BTV-3 Diagnostics in 2024

Since BTV is a notifiable disease in Belgium, any clinical suspicion must be reported to
the competent authority, and it is mandatory for veterinarians to collect and send blood
samples from suspected animals (maximum three per farm) with clinical signs of BTV to
the Belgian National Reference Laboratory (NRL, Sciensano). Upon receipt of the samples,
real-time RT-PCRs are carried out to test for the presence of BTV [22] and confirm the
serotype [23]. Negative samples for bluetongue were further tested for the presence of
EHDV [24]. Based on the epidemiological situation with confirmed cases all over the
country, the competent authority decided to suspend the mandatory RT-PCR testing of
suspected cases from mid-September till the end of 2024.

2.2. Additional Samples for Virological and Serological BTV Testing

Besides the confirmatory testing, the NRL collaborated with a private veterinarian
to collect samples from sheep belonging to five flocks from the province of East Flanders
to preliminarily assess the immune response induced by vaccination and the transfer of
maternal immunity. Information on the vaccination history, clinical signs, and lambing
were provided by the veterinarian. If positive results for suspected samples were obtained,
these were reported to the competent authority (see Section 2.1).

2.3. RNA Extraction and RT-gPCRs

RNA was extracted from EDTA blood samples using the Indimag 48 extraction robot
with the Indimag Pathogen Kit (INDICAL BIOSCIENCE GmbH, Leipzig, Germany), fol-
lowing the manufacturer’s protocols.

A duplex RT-qPCR assay was used, combining a pan-BTV reaction targeting segment
10 encoding for NS3 [22] with an endogenous control reaction targeting GADPH, using
the following primers and probe: GADPH_F (5-TCACCATCTTCCAGGAGCGAG-3'),
GADPH_R (5-AAGGTGCAGAGATGATGACCCTC-3') and GADPH_P (HEX-CAAGTG-
GGGTGATGCTGGTGCTGAGTA-BHQ1).

Amplifications were done using the AgPath-ID One-Step RT-PCR Kit (Thermo Fisher,
Merelbeke, Belgium), with the following reaction mixture: 12.5 uL. RT-PCR buffer (2x),
1 uL RT-PCR enzyme mix (25x), 2 uL mix primer/probe mix, 4.5 pL nuclease-free water
and 5 pL denatured RNA extract. Final concentrations of primers and probes were 0.4 uM
and 0.14 uM, respectively, for BTV, and 0.1 uM and 0.04 M for GADPH. RNA denaturation
was done by heating the RNA extracts at 95 °C for 3 min just before addition to the reaction
mixture. Amplification was performed using the following cycling conditions:

45 °C for 10 min, 95 °C for 10 min, followed by 45 cycles at 95 °C for 15 s and 56 °C
for 45 s. Samples with Ct-values < 40 and showing exponential amplification curves were
considered positive. A Ct value < 35 for the endogenous control (GAPDH) was required to
consider a sample to be valid.

For the BTV-3-specific RT-qPCR targeting segment 2 encoding for VP2, primers and a
probe, as described by Lorusso et al. (2018), were used [23]. The same amplification mix as
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for the pan-BTV assay was applied, with a modified annealing temperature of 60 °C instead
of 56 °C. The final concentrations for BTV-3 primers were 0.8 uM, and for the probe, 0.32 pM.

A duplex RT-qPCR assay was also used for EHDV detection, combining a pan-EHDV
reaction targeting segment 9, encoding for VP6 [24], with the same GAPDH endogenous
control. Final concentrations of primers and probes were 0.4 uM and 0.2 pM, respectively,
for EHDV, and 0.1 uM and 0.04 uM for GAPDH. The annealing temperature for this assay
was 60 °C.

2.4. BTV ELISA

BTV antibodies were detected using a commercial VP7 competition enzyme-linked
immunosorbent assay (ELISA) (ID SCREEN Bluetongue, Innovative Diagnostics, France) fol-
lowing the manufacturer’s instructions. Results were expressed as a competition percentage
(S/N%), calculated using the formula (OD of the sample/OD of the negative control) x 100.
Samples with S/N% values > 40 were classified as negative and values < 40 as positive.

2.5. BTV VNT

The VNT was conducted to evaluate the presence of neutralizing antibodies against
the BTV-3 strain BEL 2024/01. BTV-3-positive control antisera (NVRL BTV 03 PS 001) and
negative bovine sera were included as positive and negative controls. Serum samples were
decomplemented for 30 min at 56 °C. A quantity of 50 pL of two-fold serially diluted serum
from 1:10 to 1:1280 was incubated with 50 pL of virus dilution containing 100 TCIDs( of
the BTV-3 strain for 1 h at 37 °C. After 1 h, 50 uL of BHK (Baby Hamster Kidney) cell
suspension (2 x 10* cells) was added per well. After a 3-day incubation period at 37 °C,
wells were evaluated under the light microscope for the presence of a cytopathic effect
(CPE). The neutralizing antibody titer was defined as the reciprocal of the highest serum
dilution that neutralized CPE in 50% of the wells.

2.6. Geographical Mapping of Confirmed BTV Cases

The Veterinary Epidemiology Service of Sciensano produced maps updated daily and
showing the number and location of BTV-confirmed herds.

Data (PCR results) were extracted from the Laboratory Information Management Sys-
tem (LIMS) of Sciensano, along with metadata related to tested animals (animal and herd
ID, herd location, animal species, etc.). Herds with at least one PCR-positive animal were
considered as confirmed BTV outbreaks. The number of outbreaks was aggregated at the
municipality level, and each municipality was then categorized according to the number of
recorded outbreaks since June 1st, marking the start of the vector activity period. Maps
displaying the municipalities and their respective categories (0, 1, 2, 3-5, >5 outbreaks),
visualized by different color codes, were generated daily and posted on the Sciensano web-
site throughout the epidemic (https:/ /www.sciensano.be/en/about-sciensano/sciensanos-
organogram/exotic-and-vector-borne-diseases/epidemiologic-situation-bluetongue, ac-
cessed on 26 March 2025). Data analysis and mapping were performed using R,
version 4.2.2.

2.7. Data on Ruminant Mortality, Births and Milk Production

The Belgian Veterinary Authorities have access to data on ruminant mortality, births
and milk production. Data on cattle births are registered within the Identification and
Registration system (SANITEL). Data on cattle mortality are available via the database
of the only Belgian rendering facility responsible for the carcass collection activities in
Belgium (RENDAC). Milk production data can be accessed from the sector federation of the
Belgian dairy industry (BCZ/CBL), which represents over 99% of all milk volume collected
in Belgium.


https://www.sciensano.be/en/about-sciensano/sciensanos-organogram/exotic-and-vector-borne-diseases/epidemiologic-situation-bluetongue
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2.8. Calculation of Mortality Rates

The number of cattle and small ruminants in Belgium on the first of December of each
year (2020-2024) was extracted from the Identification and Registration system (SANITEL).

The mortality rates were calculated by dividing the number of animal deaths by the
total number of animals recorded on 1 December for each corresponding year. However,
due to a difference in census methodology (continuous census for cattle versus census in
December for small ruminants), the total number of animals recorded on the 1 December
for each previous year was used for small ruminants.

2.9. Statistical Analysis

A Mann-Whitney test was performed to evaluate potential significant differences in
the titers between the ewes and the lambs. Statistical analyses were performed in GraphPad
Prism 9, and differences were considered significant if p < 0.05.

3. Results and Discussion
3.1. BTV-3 Spread in Belgium

The first BTV-3 case of 2024 following the resumption of vector activity was confirmed
on 9 July in cattle in Sprimont, in the province of Liege (Figure 1). The number of confirmed
cases slowly increased in the following weeks, with 77 confirmed herds by the end of
July. Starting from then, an epidemic spread took place, with BTV confirmed cases in
all provinces by 2 August. By 16 September, the moment that the veterinary authorities
decided to suspend confirmatory testing on suspected cases, BTV had been confirmed in
2903 herds, including 1824 outbreaks in cattle, 1021 in sheep, 39 in goats, 17 in alpacas and 2
in captive cervids. Due to the time gap related to sample reception and testing, these results
are reflected in the map of 1 October. No other BTV serotype nor EHDV was detected in
Belgium in 2024, given that all BT V-positive samples were also confirmed positive for BTV-3
and all BTV-negative samples were confirmed negative for EHDV. While no additional
serotype-specific tests were performed on the BTV-3-positive samples, the Ct values obtained
with the pan-BTV assay were highly comparable to those from the BTV-3-specific assay,
suggesting that BTV-3 is the probable source of the pan-BTV-positive results. Nevertheless,
the presence of co-infections with other BTV serotypes cannot be formally excluded.

The observed rapid spread of the disease over the whole territory was not surpris-
ing. Similar epidemic spread had been reported during the BTV-8 outbreak in Europe in
2006 [7] and in 2023 for the outbreak of BTV-3 in the Netherlands [14]. An average dis-
ease propagation rate of 5.6 km/day has previously been estimated for BTV-8 via natural
dispersal of infected vectors [25]. A number of factors certainly contributed to the rapid
spread of BTV-3 in Belgium in 2024, namely the presence of competent Culicoides species,
favorable climatic conditions, and the presence of an almost completely naive population.
In 2023, only a few clinically diseased sheep were reported in late autumn, which were
confirmed BTV-3-positive by RT-PCR. A retrospective serological study in Belgian sheep
and cattle herds carried out in January and February 2024 confirmed that virus circula-
tion had remained very limited. Additional contributing factors included the absence
of cross-protection from exposure or vaccination against other serotypes such as BTV-8
and the late availability of BTV-3 vaccines for the 2024 vector season [12,26,27]. Indeed,
three inactivated vaccines against BTV-3 from three different companies (Syvazul BTV-3,
Syva S.A.; BULTAVO 3, Boehringer Ingelheim; and BLUEVAC-3, CZ Vaccines S5.A.U.) were
available in Belgium in the late spring of 2024 and were used to vaccinate cattle and sheep
on a voluntary basis. As these vaccines had no complete market authorization but only
an authorization to use in emergency, as allowed by Regulation (EU) 2019/6 (article 110),
data about safety, efficacy, duration of immunity, etc. provided by the manufacturers were
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limited, hindering a well-defined vaccination strategy and underlining the importance of
implementing effective communication with the sector.
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Figure 1. Evolution of the distribution of BTV-3 outbreaks reported in Belgium between 15 July 2024,
and 1 October 2024 and evolution of the number of outbreaks recorded per week between week 28
(8 July 2024 to 14 July 2024) and week 40 (30 September 2024 to 6 October 2024), based on tests sent
for clinical suspicion of BTV cases (Sciensano Institute, NRL for bluetongue disease, available at
https:/ /moriskin.sciensano.be/shiny/bluetongue/, accessed on 26 March 2025).
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3.2. Impact of BTV-3 Circulation on Livestock Production

The BTV-3 circulation in 2024 had an important impact on ruminant farming in
Belgium. The direct effect on mortality, reproduction and milk production can be readily
quantified based on available production data and is discussed below in more detail.

3.2.1. Excess Mortality in Cattle and Small Ruminants

To get an insight in the excess mortality caused by BTV-3 infections in 2024, the ratios
between the monthly number of dead ruminants collected by RENDAC during the period
2021-2023 and 2024 and the total number of animals on 1st December of each year were
compared in Figure 2 (for small ruminants) and 3 (for cattle). It should be noticed that a
decrease in the number of cattle (—93,797 animals) as well as in the number of cattle herds
(—587) was recorded between January and December 2024. As we considered the number
of animals recorded on 1 December 2024 for the calculation of the mortality ratio, this could
lead to an overestimation. However, as the number of cattle deaths was extracted from the
rendering facility responsible for the carcass collection and does not include animals sent for

slaughter, it can be assumed that the calculated ratio for mortality should be representative
of the situation in 2024.

¢ 2021
2022

2023

g ) ()24

= &= Mean 2021-2023
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Figure 2. Monthly small ruminant mortality rate recorded in Belgium between 2021 and 2024 and
monthly mortality mean for 2021 to 2023.

An increase in mortality was observed in both cattle and small ruminants with the
highest excess in mortality recorded in August and September 2024, with an increase of
46% and 54% for cattle, and of 290% and 148% for small ruminants, respectively.

Over the period from July to December, the excess mortality among small ruminants
was 92% (corresponding to an additional 24,519 dead small ruminants (sheep and goats);
approximately 6% of the Belgian small ruminant population in 2024) and higher than



Viruses 2025, 17,521

8 of 19

0.011

0.01

=
o
S
©

o
o
S
o

Cattle mortality rate

o
o
S
<

0.006

0.005

the 30% excess mortality observed in cattle (equal to an additional 21,142 dead cattle;
approximately 1% of the Belgian cattle population in 2024).

The number of rendered ruminants in November 2024 returned to levels comparable
to those in 2023, with even a slight decrease in mortality (—13%; Figure 3) recorded in

December for small ruminants.
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Figure 3. Monthly cattle mortality rate recorded in Belgium between 2021 and 2024 and monthly
recorded mortality mean for 2021 to 2023.

Differences in the recorded number of deaths animals per cattle category were ob-
served, with a higher excess mortality recorded for calves up to 25 kg and up to 10 kg, as
well as for bovines of 800 kg, while other cattle categories were less impacted (see Table S1).
Moreover, there was still a fairly high excess of recorded deaths among calves up to 10 kg
and up to 25 kg in November and December (see Table S1).

This observed increase in ruminant mortality is consistent with the findings in the
Netherlands with regard to the BTV-3 outbreak in 2023. Indeed, a significant increase
in mortality was described in small ruminants, especially in sheep, with an additional
55,000 dead sheep (approximately 4.5% of the Netherlands’ sheep population) during the
BTV-3 outbreak period in 2023 compared to the same period in 2020-2022 [18]. Moreover, an
increase in mortality was also registered in cattle herds during this period when comparing
infected herds, herds located in BTV-3-infected areas and herds in BTV-3-free areas with a
higher mortality recorded in young stock (1-2 years) and cattle > 2 years of age [19]. The
previous BTV-8 epidemic has also been associated with increased mortality in cattle and
sheep [17,28-30]. However, the increase in mortality associated with BTV-3 could be higher,
with a case fatality rate in some herds of 74.8% described for sheep [14] compared with
case fatality rates of between 37.5% and 50% reported for sheep during the BTV-8 epidemic
in the Netherlands and Germany and between 6.4 and 13.1% for cattle [29,31].
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The observation that the excess mortality almost disappeared in November is likely
linked to the end of the vector period around this time and the associated drop in virus
circulation. Yet this cannot be confirmed with certainty, as no Culicoides monitoring is in
place in Belgium.

3.2.2. Decrease in Number of Newborn Calves

The monthly number of newborn calves in Belgium between 2021 and 2024, as well
as the monthly mean for the years 2021 to 2023, are presented in Figure 4. This number
was consecutively lower in September to December 2024 than the mean number for those
months in the period 2021-2023, with an observed decrease of respectively 9.85%, 13.43%,
9.09%, 6.31%.

o 2021
¢ 2022
,‘\ 2023

/I o\ = @= Mean 2021-2023
— 2024
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Figure 4. Monthly number of newborn calves registered in Belgium between 2021 and 2024 and
monthly mean for the years 2021 to 2023 (SANITEL).

This drop in the number of births in parallel with the circulation of BTV-3 could
be explained by the effect of the virus on fetuses in the event of transplacental infection,
such as abortions, congenital malformations or nervous clinical signs in newborn calves,
as described during the BTV-8 epidemic [15,32,33]. The hypothesis of a transplacental
infection of BTV-3 with comparable repercussions was raised during the 2024 epidemic.
It is supported by an increase in the number of declared abortions in Belgium in 2024, as
well as the observation of congenital malformations which can be associated with Orbivirus
infections in some autopsied fetuses. These findings are consistent with the increase in
the number of abortions, premature births and malformations recorded in Belgium during
the BTV-8 epidemic [17,34]. Based on a study evaluating the impact of BTV-3 on cattle
mortality, abortions and premature births in the Netherlands in 2023, the rate of abortions
was also higher in infected herds than in the other herds, but no significant association
between BTV-3 infections and abortions (between 180 days and 260 days of gestation)
was found [19]. These results are in accordance with another study describing no clear
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effect of BTV-8 infection on abortion rates in the Netherlands in 2008 [35]. However, an
increase in perinatal calf mortality (including late abortions, stillbirths and calves that died
within 3 days after birth (timeframe before mandatory identification) was described, as
well as a higher percentage of premature births (between 260 and 265 days gestation) in
BTV-3-infected herds than in BTV-3-free herds [19].

If BTV-3 infections are similar to BTV-8 infections, a reduced number of calves born in
the first months of 2025 can also be expected. BTV-8 infection was shown to impact male
fertility, on the one hand, by reducing sperm motility and increasing the percentage of
spermatozoa with morphological abnormalities [36-38] and female fertility, on the other
hand, with an increased return-to-service period as well as more inseminations needed
for an assumed pregnancy, inducing a higher interval between calving [17,35]. The effect
of infection during gestation can vary depending on the potential effects of the virus on
the different stages of conception and gestation, going from conception failure, embryonic
death and fetal death in early gestation to abortions or congenital malformations in later
stages [35,39,40] but probably also on the female reproduction organs as ovaries.

3.2.3. Impact on Milk Deliveries

The monthly milk deliveries in Belgium between 2021 and 2024 are presented in
Figure 5. Although higher milk volumes were delivered in the first half of 2024 compared
to previous years, a drop in milk deliveries was observed concomitant with the period of
BTV-3 circulation. Decreases of 1.36%, 0.80%, 1.29%, 1.72% and 2.37% in the months August
to December 2024 compared to the mean of 2021-2023, respectively, were reported [41].
The available data, however, show that differences exist in milk deliveries between the
years, with, e.g., lower milk deliveries in July to December 2021 than in the corresponding
months in 2024, while this was opposite in 2022 and 2023.
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Figure 5. Monthly milk deliveries in Belgium between 2021 and 2024 and mean for the years 2021 to 2023
(from BCZ/CBL, https:/ /bcz-cbl.be/sites/default/files /2025-02 /Melkleveringen_12_NL.pdf; https:
/ /bcz-cbl.be/sites /default/files /2023-10/melkeveringen_2021_nl.pdf, accessed on 26 March 2025).
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This observed reduction in milk deliveries in 2024 compared to the mean of the
previous 3 years are comparable with those reported for the Netherlands in the same
period, where they respectively fell by 3.47%, 2.61%, 2.08%, 1.84% and 1.31% [42]. Due to
the increased milk deliveries in the first half of 2024, a global increase in milk production of
1.20% was registered in Belgium for the year 2024, which was different compared to the
Netherlands, which reported an overall decrease of —1.15% for 2024.

In contrast to Belgium, where a drop in milk production became noticeable from
August, the Netherlands observed a reduction in milk deliveries for every month except
February. This earlier drop in milk production is probably linked to the fact that BTV-3
had already extensively circulated in 2023, and restarted circulating earlier in 2024 in the
Netherlands than in Belgium.

The provided information on reduced milk deliveries is representative for the overall
situation, but may mask particular cases (farms or regions) in which the drop in milk
deliveries may have been even more important. Moreover, and in line with the observations
in the Netherlands in 2024, this effect is likely to become more pronounced in 2025 in
Belgium as the calving season progresses, following a potential accumulation of abortions,
and associated reduced milk production.

3.2.4. Conclusions

Based on data relating to direct production losses associated with the reduction in
births, the increase in mortality and the drop in milk production and their temporal
association with the BTV-3 epidemic, it can be concluded that the circulation of BTV-3 did
have an impact on ruminant farming in Belgium in 2024. However, all these parameters are
multifactorial, and it cannot be ruled out that other elements, such as, for example, seasonal
variation, decreased feed quality or quantity, other diseases circulation, etc., may also have
had an impact on the evolution of these data [43].

Besides these direct production losses which can have an economic impact on the
sector, indirect additional costs can also occur, such as trade restrictions for animals and
animal products (semen), disease surveillance (diagnostics) or disease control and pre-
vention (vaccination, indoor housing, insecticide treatment). These costs are difficult to
estimate for the epidemic of BTV-3 in Belgium in 2024 due to lack of data. However, direct
and indirect costs of previous BTV epidemics have been evaluated in the literature. In the
Netherlands, the overall cost of the BTV-8 epidemic was estimated to be, respectively, EUR
32.4 million in 2006 and EUR 164-175 million in 2007. In 2006, 98% of these costs were due
to indirect costs (control measures and diagnostics), while 92% were due to direct costs
(production losses and veterinary treatment fees) in 2007. This can be linked to the fact that
control measures were less stringent during the second year of the epidemic and to the
huge spread of the virus, which was associated with an important increase in the number
of affected farms [44]. In Germany, the impact of the BTV-8 epidemic (from the first cases
in 2006 until 2018) ranged between EUR 157 and 203 million, of which 73% was due to
indirect costs (vaccination, insecticide treatment, diagnostic testing for trade, monitoring
and surveillance, administration) and 27% to direct costs [15]. Considerable costs were
also estimated in Belgium (Wallonia) for the 2006-2007 epidemic with an estimated cost of
EUR 205 per head of beef cattle, EUR 233 per head of dairy cattle and EUR 53 per sheep in
infected herds and flocks, mainly due to reproductive disorders, drops in milk production,
mortality and veterinary costs [17]. However, these figures must be interpreted with cau-
tion, as the various studies do not take the same parameters nor the same years of virus
circulation into account in their cost assessments. Moreover, the financial consequences
may also differ depending on the sector and type of production (e.g., dairy or beef animals).
In conclusion, further effects of BTV-3 circulation should still be observed in 2025, and it is
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still too early to estimate the total losses generated due to BTV-3 circulation in Belgium. It
would be interesting to carry out a quantified assessment of the economic impact of BTV-3
epidemics in 2024 when all the data are available.

3.3. Research Recommendations Based on Identified Knowledge Gaps
3.3.1. Additional Aspects on Vaccine Protection from BTV-3 Vaccination in the Field

To get some preliminary information about vaccine efficacy under field conditions, a
small-scale field assay was performed in collaboration between Sciensano and a private
veterinary practice. Twenty-two sheep were sampled between 20 and 26 July, before
BTV-3 was detected in East Flanders, approximately two months after receiving a primo
vaccination with Syvazul BTV-3. Only 68% of these sheep tested positive in the BTV
ELISA and only 18% tested positive in the VNT BTV-3, with very low titers (Figure 6).
These preliminary data suggest that a booster vaccination is essential to achieve sufficient
immunity against BTV-3 infection, as the neutralizing antibody response following the
primo vaccination remains low. This observation is also in line with reported breakthrough
infections after primo vaccination from the field in Belgium and in the Netherlands.
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Figure 6. ELISA (A) and VNT (B) results after sheep primo vaccination with Syvazul, primo and
booster Syvazul and primo Syvazul and booster Bultavo.

On the day of sampling, 5 sheep received a booster vaccination with Syvazul BTV-3,
while 12 sheep received a booster vaccination with BULTAVO 3. Serum samples were
collected again at 28 days post-booster for Syvazul BTV-3 (23 August 2024) and 21 days
post-booster for BULTAVO 3 (11 and 12 August 2024). At this time point, all tested samples
were positive in both ELISA and VNT BTV-3. In the ELISA assay, all samples exhibited
a strong response, whereas the VNT results showed a broad range of titers, with some
animals reaching high antibody levels (see Figure 6). Whether these high titers were the
sole result of the booster vaccination or due to an additional natural infection cannot be
ascertained, as these samples were collected in August 2024, when BTV-3 was already
circulating in East Flanders. Two animals with low VNT titers (1/30 and 1/20) after booster
vaccination with Syvazul showed clinical signs compatible with BTV-3 infection and were
confirmed BTV-3-positive by RT-PCR in blood samples.
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It has been shown for BTV-8 that vaccination of pregnant animals was advantageous,
as it prevented transplacental transmission, which was linked to abortions or congenital
malformations following BTV-8 infection. On the other hand, transferred maternal immu-
nity interfered with vaccination of young animals [15,45,46]. Various studies on BTV-8
evaluated the interference of maternal antibodies in the response to BTV vaccination, and
it was shown that lambs from hyperimmune ewes (naturally infected with BTV-8 in 2007
and vaccinated several times thereafter) vaccinated at 3 months of age may not respond
optimally to vaccination, while vaccination at 5, 7 and 9 months of age protects lambs both
clinically and virologically [47]. In addition, vaccination of calves from BTV-8 vaccinated
cows at 7 months of age was shown to result in a good level of protection [45].

To get a preliminary idea of transfer of maternal immunity against BTV-3, serum
samples were collected from 10 ewes, which were primo and booster vaccinated with
Syvazul BTV-3 in 2024, and their 19 lambs shortly after birth (+/—10 days) in January 2025.
ELISA results showed strong positivity in all ewes and lambs. In the VNT, 8 out of 10 ewes
tested positive, while all 19 lambs had neutralizing antibodies (Figure 7A). As illustrated in
the graph (Figure 7B), VNT titers varied widely. High titers are likely associated with the
infection of some ewes during the summer of 2024, while lower titers are probably related
to vaccination. However, statistical analysis using the Mann-Whitney test revealed no
significant difference in titers between ewes and lambs (p = 0.19). Remarkably, neutralizing
antibodies were detected in the lambs born from the VNT-negative ewes. One possible
explanation is that maternal antibodies were present in the ewes at insufficient levels to be
detected in the blood but were concentrated in the colostrum and transferred to the lambs.
In sheep, immunoglobulin G (IgG) is transported from the bloodstream to the mammary
gland before birth, accumulating in the colostrum while decreasing in the ewe’s blood
to provide passive immunity to newborns [48]. Another possibility is that some lambs
consumed colostrum from other ewes in the group.
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Figure 7. ELISA (A) and VNT (B) results of ewes and lambs.

These preliminary data indicate that maternal antibodies against BTV-3 are transferred
from ewes to lambs through colostrum intake. The continued monitoring of the lambs to
determine how long the maternal antibodies remain in their circulation will be crucial for
determining the optimal timing for vaccinating the lambs in 2025 and the following years.

As a response to the extensive spread of BTV-3 and associated production losses in
2024, Belgium decided to implement a mandatory BTV-3 and BTV-8 vaccination in 2025.
This should achieve a sufficient vaccination coverage of the ruminant population, which
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is necessary to contain a vector-borne disease such as BTV [49]. However, the limited
efficacy data, the absence of information about the duration of immunity, the transfer
of maternal immunity, and the interference of maternal antibodies with vaccination of
lambs born from vaccinated ewes complicate the elaboration of an effective evidence-based
vaccination strategy. In this context, the results of the ongoing vaccination studies will
need to be translated into vaccination advisories in real time to ensure that the compulsory
vaccination campaign will be successful.

3.3.2. BTV-3 Transmission Through Sperm and Embryos

Data supporting the risk of BTV-8 transmission via semen or embryo transfer are avail-
able in the literature. BTV-8 has been detected both by PCR and by virus isolation in semen
of naturally infected animals, and transmission of BTV-8 following artificial insemination
with contaminated frozen semen has also been described [50-52]. Additionally, although
the risk of BTV transmission during embryo transfer is considered negligible for different
serotypes when proper washing procedures are applied [53,54], transmission of BTV-8 to
in vitro exposed embryos has been reported despite the implementation of correct washing
protocols. This highlighted the importance of screening potential donors and collected
embryos [54]. Again, few specific data are currently available for BTV-3, considering that
the risk of transmission varies between the studied serotype in the literature. Available
information indicates that this risk is higher for BTV-8 (and viruses adapted to laboratory
cell culture) than for other serotypes.

During the summer of 2024, a significant number of bulls from artificial insemination
centers were infected with BTV-3. This is a major concern, as European regulations (Regula-
tion (EU) 2020/686 and Directive 92/65/EEC) prohibit the use of semen from BTV-positive
bulls for artificial insemination. The problem is further complicated by the prolonged
RT-PCR-positive status of infected bulls. Findings from the Belgian NRL confirm blood
samples from several bulls still being BTV RT-PCR-positive in January 2025, approximately
six months after the initial infection.

Studies evaluating the potential transmission of BTV-3 through the use of germinal
products and assessing the duration for which these remain infectious are needed in order
to establish a risk-based management.

3.3.3. Diagnostic Challenges

BTV-8 has, for a long time, been the only serotype present in Belgium. However, the
recent introduction of BTV-3 and the presence of other serotypes (e.g., BTV-8 in France,
BTV-12 in the Netherlands) or related viruses (e.g., EHDV-8 in France) in neighboring
countries poses a challenge for effective diagnostic strategies, as these viruses induce
similar clinical manifestations.

The routine diagnostic strategy in case of a suspicion currently applied by the NRL
consists of pan-BTV RT-PCR testing, followed by serotyping in case of a positive result.
However, due to the co-circulation of multiple viruses inducing similar symptoms, there is
a need for cost-effective alternative diagnostic approaches. A possible solution could be
the implementation of multiplex RT-PCRs, which would allow the direct differentiation
between various BTV serotypes or different viruses (BTV/EHDV). It remains, however, to
be decided based on the epidemiological situation which viruses should be included in
such a multiplex, and to be evaluated what the impact of multiplexing on test sensitivity
and specificity would be, to ensure that no diagnostic performance is lost compared to the
currently validated single-plex RT-PCR test.

While PCR-based methods are crucial for confirmatory diagnostics, serological tests
are valuable tools for monitoring virus circulation and herd-level exposure over time.
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Commercial ELISAs are currently most often used for detection of BTV-specific antibodies
in serum. These tests are easy to perform and provide quick results, but they cannot
distinguish between infection with the different serotypes, nor determine whether the
detected antibodies are the result of infection or vaccination of the animals. This method is,
therefore, mostly useful to monitor the circulation of the virus in previously free regions,
but becomes less informative for surveillance in regions where vaccination and active
BTV circulation may co-occur. In addition, the aspect of cross-reactivity between different
orbiviruses in ELISA needs to be considered. The Belgian NRL has observed cross-reactivity
of strong BTV-3-positive sera in a commercial EHDV ELISA, which could further complicate
the interpretation of ELISA results in the event of co-circulation of both BTV and EHDV in
the future.

Besides serum testing, ELISA can also be used for milk samples. A specific ELISA kit
is available for BTV antibody detections in milk, which is also suitable for bulk tank milk
screening. This method allows cost-effective herd-level surveillance but has limitations,
including lower sensitivity in low-prevalence herds and the inability to identify individual
seropositive animals.

The virus neutralization test (VNT) provides an alternative to ELISAs by detecting
neutralizing antibodies. VNTs allow researchers to determine to which virus and serotype
an animal has been exposed by vaccination or infection. However, they require working
with infectious virus and are labor intensive and costly, and therefore not suitable for
large-scale testing.

Finally, determining the whole genome sequence of BTV strains present in selected
samples might be important, certainly when multiple serotypes co-circulate. This allows
researchers to detect reassortment events that may occur when different strains circulate in
the same area and provide information to ensure that vaccines should still be effective and
to adapt the control measures accordingly.

3.3.4. Role of Wildlife in BTV-3 Epidemiology

Many ruminant species are susceptible to BTV infection, and it is suspected
that wild ruminants may play a role as reservoir and thus contribute to maintaining
disease endemicity.

According to a study carried out between 2005 and 2008 in Belgium, BTV-8 circulated
in free-ranging cervids, with a recorded seroprevalence of above 50% in red deer (Cervus
elaphus). These, nevertheless, had no gross lesions compatible with bluetongue disease [55].
A decrease in seroprevalence was observed in 2008 and might have been caused by a reduc-
tion in virus circulation associated with the mandatory vaccination of captive ruminants as
well as to increased herd immunity within the red deer population. Data on BTV-3 presence
or circulation in wildlife are currently lacking. As control measures may be impacted by a
wildlife reservoir in which the virus could circulate, both the prevalence of BTV-3 in the
wildlife and its reservoir role should be clarified and monitored.

In addition, captive wild ruminants can also be infected with BTV [56-58] and the
presence of BTV-3 has been confirmed by RT-PCR in blood samples from suspected captive
European bison (Bison bonasus), American bison (Bison bison) and gazelle (Nanger dama
mhorr) from a Belgian zoo (Unpublished data). The extent of BTV-3 infection in captive
wildlife should be studied in more detail, and it should be considered to vaccinate suscepti-
ble wild species in zoos, as these gather large numbers of valuable animals whose clinical
infection could result in substantial losses.
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4. Conclusions

The rapid spread of BTV-3 across Belgium in 2024 was associated with direct produc-
tion losses impacting the livestock industry, although overall quantitative economic losses
due to the BTV-3 outbreak remain to be determined. Several knowledge gaps still remain
about BTV-3 epidemiology, virus-host interactions and vaccine-related parameters, and
efforts should be undertaken to study these knowledge gaps in order to refine the current
disease control strategy.

The epidemiological situation in Europe becomes increasingly complex due to the
circulation of several BTV serotypes and other orbiviruses like EHDV. Early detection
by strong passive surveillance combined with an appropriate diagnostic testing strategy
therefore becomes crucial, together with the availability of effective vaccines to allow
rapid disease control. In this context, it is essential to implement good collaboration and
communication between the various stakeholders and international authorities in order to
take necessary measures to limit the spread and impact caused by these diseases.
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