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Abstract

Background: The bluetongue virus serotype 3 (BTV-3) outbreak in the
Netherlands in 2023 caused severe clinical signs in ruminants. The clinical
and pathological signs in ruminants and their spread during the outbreak in
2023 are described.

Methods: Data from the Dutch monitoring and surveillance system were
available to describe clinical signs and pathological findings related to BTV-
3 in sheep, cattle and goats. During the outbreak, 13 farms (five sheep, five
cattle and three dairy goats) were closely monitored.

Results: In 2023, BTV-3 infections were confirmed by real-time polymerase
chain reaction in sheep flocks (n = 1807), cattle herds (n = 1864), goat herds
(n = 62), alpaca and/or llama herds (n = 15) and one dog. Sheep exhibited
the most severe clinical signs and had the highest mortality. In other animal
species, a large variation in both occurrence and severity of clinical signs was
observed.

Limitation: Only 13 farms were closely monitored.

Conclusions: The clinical signs observed in affected animals during the 2023
BTV-3 outbreak seem to be more severe than those observed during the BTV-
8 outbreak between 2006 and 2008. It seems likely that BTV-3 will overwinter,
similar to BTV-8. Therefore, the availability of an effective and safe vaccine is
crucial to limit the future impact of BTV-3.
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cally from dam to offspring.® BT is listed by the World
Organisation for Animal Health as a multispecies dis-

Bluetongue (BT) is an infectious, non-contagious
vector-borne viral disease of ruminants caused by
bluetongue virus (BTV), which is an Orbivirus from the
Reoviridae family and is mainly transmitted by midges
of the genus Culicoides."*> Transmission via needles,
semen and embryos has also been described.®* Addi-
tionally, some BTV serotypes can be transmitted verti-

ease with a large economic impact® and is categorised
as a category C + D + E disease by the European Ani-
mal Health Law.”® To date, more than 30 different BTV
serotypes have been described, although only the first
24 are notifiable.”1°

BT causes morbidity and mortality in domestic
and wild ruminants and has also been described
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in camelids and carnivores.'’"'? Sheep develop the
most severe clinical signs from BT, however, the
BTV serotype 8 (BTV-8) outbreak in the Nether-
lands between 2006 and 2008 also resulted in clin-
ical illness in cattle and goats.'>!* Clinical signs
are mainly a result of damage to the endothelial
cells of blood vessels, leading to extensive systemic
vascular damage with fluid leakage, bleeding and
ischaemic degeneration and necrosis of the affected
tissues.!

On 3 September 2023, suspicions of BTV infec-
tions were reported to the Dutch Food and Consumer
Product Safety Authority (NVWA) by two veterinary
practices in the centre of the Netherlands. BTV was
confirmed on 5 September and was identified as
BTV serotype 3 (BTV-3) by the Dutch National Refer-
ence Laboratory Wageningen Bioveterinary Research
(WBVR) and the European Reference Laboratory in
Spain.!> !¢ A retrospective study based on stored bulk
milk samples did not indicate extensive circulation of
BTV before early September 2023, and the source and
route of virus introduction remain unclear.'® Follow-
ing the detection of BTV-3 in the Netherlands, spread
to Belgium, Germany and the UK was confirmed in
2023.16

This manuscript aims to: (1) describe the clini-
cal signs and pathological findings associated with
the BTV-3 outbreak in multiple animal species;
(2) give insight into within-herd and between-herd
spread on five sheep, five cattle and three goat
farms; and (3) discuss challenges and insights related
to BTV-3 during the outbreak in the Netherlands
in 2023.

Goat FIGURE 1 Density of sheep, cattle and
goats per two-digit postal code area in the
Netherlands in 2023, generated with
identification and registration (I&R) data
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MATERIALS AND METHODS
Study population and study period

This manuscript focuses on the main BTV-susceptible
domestic ruminants in the Netherlands: sheep, cattle
and goats. The study period started at the beginning
of the outbreak on 3 September 2023 and continued
until 31 December 2023. During this period, about
three million cattle (excluding veal calves), one mil-
lion sheep and 650 thousand goats were present in
the Netherlands. Figure 1 shows the density of cattle,
sheep and goats in the Netherlands in 2023. All maps
were generated using STATA (version 17).

Notification data

Since BT is a notifiable disease, data from notified
and confirmed BT cases from the NVWA were anal-
ysed to obtain an impression of the spread of BTV-3.
Blood samples from animals with clinical signs of
BT were sent to the WBVR and analysed with real-
time polymerase chain reaction (PCR).'> NVWA listed
PCR-confirmed cases as well as clinical cases reported
to NVWA by veterinary practitioners and/or farm-
ers for which no blood samples were submitted for
confirmation.

Dutch monitoring and surveillance system

Monitoring and surveillance systems in both cattle
(Cattle Health Surveillance System [CHSS]) and small
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ruminants (Small Ruminant Health Surveillance Sys-
tem [SRHSS]) in the Netherlands were created with
the aim to: (1) identify outbreaks of specified animal
diseases not endemic in the country, (2) identify previ-
ously unknown clinical and pathological findings, and
(3) follow trends and developments in endemic dis-
eases in (small) ruminants.!”'® The CHSS and SRHSS
were used to map the clinical signs and pathological
findings of BTV-3 infection in sheep, cattle and goats.

Veterinary helpdesk and pathological
examination

Clinical signs displayed by sheep, cattle and goats
were reported by telephone to the veterinary helpdesk
(Royal GD Veekijker) as part of the CHSS and SRHSS.
In addition to clinical reports from farmers and
veterinarians, clinical aspects were complemented
by findings acquired during visits to BTV-3-infected
farms conducted by Royal GD veterinarians. Post-
mortem examinations of sheep, cattle and goats
were conducted to characterise the lesions associ-
ated with BTV-3 infections. Several infected animals
that either died or were euthanased were submitted
for postmortem examination at Royal GD. An overall
macroscopic examination was conducted as well as
tissue collection for histopathological review based on
macroscopic lesions and the reported clinical signs.
A sample of splenic tissue was also submitted to
WBVR for BTV PCR testing. Taken together, these find-
ings were used to gain a better understanding of the
presence of BTV-3 in the affected species, species dif-
ferences, variations in disease severity, prognosis and
possible treatment options.

Prospective follow-up in 13 case farms

A total of five sheep farms, five dairy cattle farms and
three dairy goat farms were monitored over 13 weeks
by cattle and small ruminant veterinarians from Royal
GD. The inclusion criteria consisted of herd or flock
sizes with at least 100 animals, having a BTV-3 infec-
tion confirmed by PCR in October 2023 and not having
vaccinated against BTV (any serotype) in the last 5
years. For cattle herds and sheep flocks, the study
period started when a first farm visit was performed,
clinical signs were scored and 50 randomly selected
animals were blood sampled (serum and EDTA). Based
on 50 samples, and assuming an unknown prevalence
(i.e., 50%), a point estimate with 14% precision and
95% confidence could be determined (Stata). The sam-
ples collected at the start of the study period were
submitted to WBVR for PCR testing and to Royal GD
for an IDEXX Bluetongue Competition Antibody Test
(Idexx), which detects antibodies against the highly
conserved protein VP7.

At the sheep and cattle farms, clinical signs were fol-
lowed up by a veterinarian during a second farm visit
that was scheduled 2 weeks after the initial visit. Dur-

ing the second visit, the animals showing clinical signs
were examined and recorded. In every other week dur-
ing the study period, animals showing clinical signs
were recorded by the farmer, and these cases were dis-
cussed during weekly telephone contact between the
farmers and the veterinarian. The number of ill, recov-
ered and deceased animals, as well as the clinical signs
observed in affected animals, were recorded by farm-
ers and veterinarians using predefined protocols. The
three dairy goat farms were monitored by weekly tele-
phone contact to record and monitor clinical signs.
In January 2024, the study period of 12 of the partici-
pating cattle, sheep and dairy goat farms was finished
with a farm visit to determine the BTV-3 seropreva-
lence based on serum samples of 50 randomly selected
animals. On one sheep farm, the final visit took place
in February 2024.

In addition to the on-farm data collected, mortal-
ity data were obtained from the national identification
and registration (I&R) database (Netherlands Enter-
prise Agency [RVO]).

RESULTS
Spread of BTV-3 in the Netherlands

After the onset of the outbreak in September 2023,
BTV-3 spread rapidly through the country, affecting
many flocks and herds across species (Figure 2). The
NVWA data showed that, up to 31 December 2023,
infections with BTV-3 were confirmed by PCR in 1807
sheep farms and 1864 cattle farms. In addition, infec-
tions were detected and confirmed by PCR in (dairy)
goats (62 farms), alpacas (14 farms), llamas (one farm),
vicufia (one zoo), two mouflons and one dog. Fur-
thermore, signs consistent with BT had been reported
by 1456 farmers (75% sheep farmers, 23% cattle and
2% other) on farms where BTV-3 had not yet been
confirmed with PCR.

BTV-3 in sheep
Clinical signs

During the BTV-3 outbreak, affected sheep exhib-
ited apathy, isolation from others, lameness/stiffness
and/or excessive salivation and nasal discharge.
Inspection of the head revealed oedematous swellings
(Figure 3), sometimes limited to the lips, and swelling,
redness, erosion and/or ulceration of the mouth
(Figure 4), conjunctiva and nasal mucous membranes.
Some of the surviving sheep showed (peri)arthritis
and shedding of claw horn in the weeks after the
first clinical signs were seen. In this period, stiff-
ness as a consequence of muscle degeneration was
also reported. High mortality was reported on sheep
farms. A table of the clinical signs observed during
the prospective case study can be found in Supporting
Information.
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FIGURE 2 Spread of bluetongue virus serotype 3 (BTV-3) through the Netherlands from the start of the outbreak until December 2023

FIGURE 3 Sheep with oedematous swelling of the head and
jaws

Pathological findings

Pathological examination of 23 BTV-3-infected sheep
revealed severe pulmonary oedema, with or with-
out hydrothorax and hydropericardium. Severe
ulcerations and haemorrhages in the ruminal pil-
lars (Figure 5) and/or smaller haemorrhages in the
myocardium were also observed. Histological exam-
ination confirmed the severity of organ damage.
Lung tissue exhibited marked alveolar oedema, with
microangiopathy, vasculitis, microhaemorrhages,
occasional microvascular thrombosis and multifocal
damage to alveolar septa (Figure 6). Oral mucous
membranes and ruminal pillars showed subepithe-
lial microangiopathy, vasculitis and haemorrhages
associated with interstitial oedema and ischaemic
necrosis and ulceration of the overlying epithelium.
Acute muscle degeneration was occasionally observed
in the oesophagus, ruminal pillars, myocardium and
skeletal muscle tissue. In severely affected cases, ani-
mals showed extensive acute tubular degeneration,
microangiopathy and vasculitis in the kidneys. Small
blood vessels in the dermal lamina of the claw were
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FIGURE 4 Mouth of a sheep with lesions on the dental plate

FIGURE 5

Ulceration and haemorrhages in the ruminal
pillars of a sheep

often affected, with oedema, haemorrhages, neu-
trophilic laminitis and detachment of hoof horn. In
more chronic cases, secondary purulent inflammation
was seen in the hooves. In one aborted lamb from an
ewe suffering from BT, BTV-3 was detected in the fetal
spleen without additional malformations of the fetus.

Morbidity, mortality and within-herd
prevalence

The morbidity rate across the five more intensely
monitored sheep farms was 7.5%. During the study
period, 202 sheep on these farms exhibited clinical
signs indicative of BTV-3 infection. The percentage of
animals showing clinical signs varied between 0.9%
and 14.2%. The case fatality rate was 74.8%. All five

sheep farms experienced significantly higher mortal-
ity during the study period than during the same
period in 2022 (Figure 7). On average, 45 (10%, min
3%, max 17%) sheep per farm died in the study period
compared to an average of 13 sheep per farm in the
previous year. Mortality increased in both lambs (<1
year old) and sheep (>1 year old) (Figure 7).

The diagnostic evaluation at the initial visit showed
that the average percentage of animals that tested
PCR positive (13%) was similar to the percentage
of antibody-positive animals (12%). Unexpectedly, on
four of the five sheep farms, the percentage of ani-
mals with antibodies did not increase between the
first and final measurements (Figure 8). The diagnos-
tic results from the initial farm visit in October and the
I&R data for individual animals revealed that, out of
18 antibody-positive sheep for which I&R data were
available, seven sheep died by the end of the study
period (38%, 95% CI: 17%-64%). For the sheep that
tested antibody negative during the initial visit and for
which I&R data were available, the mortality was sig-
nificantly lower (4%, 95% CI: 2%-8%). Therefore, the
final antibody prevalence measurement (7%) in Jan-
uary 2024 primarily indicates which portion of sheep
is likely to be protected against BTV-3 in 2024. It does
not reflect the extent of virus spread in 2023.

BTV-3 in cattle
Clinical signs

Clinical signs observed in cattle during the BTV-3 out-
break included fever, lesions, such as erosions, ulcer-
ations and bleedings on the nasal planum (Figure 9),
in the mouth (Figure 10) and on the teats with
hyperaemia (Figure 11), as well as nasal discharge,
conjunctivitis and salivation. Lameness and stiffness
were prominent signs, with red and swollen coronary
bands (coronitis) and swelling of the legs (Figure 12).
Additionally, regurgitation was reported. The course
and duration of the disease, the number of sick cat-
tle per farm and the severity of clinical signs in cattle
varied, ranging from subclinical and mild disease to
severe cases with serious illness and claw horn detach-
ment. In particular, cows around the time of calving
were found to be severely ill. Animals with severe clini-
cal signs, such as severe lameness or severe pulmonary
oedema, died, or in cases of unacceptable suffering,
they had to be euthanased. Additionally, a clear and
significant drop in milk production was observed,
which was most prominent in areas that were infected
in September 2023. A table of all clinical signs observed
during the prospective case study can be found in the
Supporting Information.

Pathological findings

Pathological examination of 42 cattle with BT pri-
marily showed erosions and ulcerations on the
mucocutaneous junctions of the lip and nasolabial
planum, ulcerations and petechial haemorrhages in
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FIGURE 6 (a) oedematous lungs of a sheep. (b) microscopic image of lung tissue with oedema (*) and damage to alveolar septa (>)
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FIGURE 7 Mortality of sheep (>1 year) and lambs (<1 year) during the bluetongue virus serotype 3 (BTV-3) outbreak period in 2023
(dark blue) compared to the same period in 2022 (light blue) on the sheep farms (S1-S5)
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FIGURE 8 Proportion of animals on individual sheep (S1-S5), cattle (C1-C5) and goat (G1-G3) farms testing positive for bluetongue
virus by polymerase chain reaction (PCR) and antibody testing during the study period

the oral cavity and pharynx, and petechial haem-  morphological abnormalities being found in these
orrhages on the heart, pulmonary artery and aorta.  calves.
In three aborted and/or stillborn calves, BTV-3 was Histopathological examination of affected mucous

detected in the spleen by PCR testing without further = membranes revealed histopathological lesions similar
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FIGURE 9 Nasal planum of a cow with lesions

Mouth of a cow with lesions

FIGURE 10

to those in sheep: ulceration, subepithelial micro-
haemorrhages, oedema, vasculitis, microangiopathy
and microvascular thrombosis. Acute muscle degen-
eration was occasionally observed in the tongue,
oesophagus, rumen pillars, skeletal muscles and
tunica media of the aorta. The muscle degener-
ation observed in the oesophagus in some ani-
mals may explain the regurgitation reported in the
field.

Morbidity, mortality and within-herd
prevalence

Morbidity across the five case farms was 24.5%, with
a total of 214 cows in the five study herds exhibiting
clinical signs indicative of a BTV-3 infection during
the 13-week study period. The percentage of ani-
mals showing clinical signs varied between 8.1% and
50.4% per farm. At the end of the study, 196 of
the cows that were reported as being ill at some

FIGURE 11 Udder of a cow with redness of the skin and
lesions on the teats

FIGURE 12
bands (coronitis)

Leg of a cow with red and swollen coronary

point during the study were documented as recov-
ered (91.6%). On average, cows were ill for 22 days.
During the BTV-3 outbreak period, four of the moni-
tored dairy farms registered a deceased cow, compared
to no mortality in the same period of the previous
year.

There was no remarkable difference in calf mor-
tality between the period of the BTV-3 outbreak and
the same period in 2022. At the start of the study,
the prevalence of BTV-3 PCR-positive cows was higher
than the prevalence of antibody-positive animals.
At the final measurement, the percentage of ani-
mals testing positive for antibodies against BTV-3 had
increased on four of the five farms, with an aver-
age antibody prevalence of 26% (min 4%, max 55%)
(Figure 8).
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BTV-3 in (dairy) goats
Clinical signs

In general, BTV-3-related clinical signs in goats
appeared milder than those in sheep and cattle,
although deaths were reported. The clinical signs that
were observed included fever, swollen lips, ocular and
nasal discharge, decreased milk production, lame-
ness, abnormal signs of the central nervous system,
hyperaemia and haemorrhages of the udder skin. A
table of all the clinical signs observed during the
prospective case study can be found in the Supporting
Information.

Pathological findings

Pathological examination of seven BTV-3-infected
dairy goats showed subcutaneous oedema in the lips
and/or head, mild erosions and ulcerations in the
mouth, occasional mild ulceration of the ruminal
pillars and hyperaemia of the udder skin. Histopatho-
logical examination revealed marked acute skeletal
muscle degeneration and muscle degeneration in
the tongue and oesophagus. Microangiopathy and
perivascular haemorrhages were observed throughout
the brain and in the claw lamina.

Morbidity, mortality and within-herd
prevalence

The morbidity across the three goat farms was 1.1%,
with a total of 39 animals exhibiting clinical signs
indicative of a BTV-3 infection during the 13-week
study period. The percentage of animals showing clin-
ical signs varied between 0.3% and 3.6% per farm. The
case fatality rate was 44%. Of the 39 goats reported as
sick, 17 died by the end of the study, 15 were reported
as fully recovered by the farmers (28%), two were sent
for slaughter and the remaining five has still not fully
recovered at the end of December 2023. On these three
goat farms, mortality during the study period in 2023
was not significantly different from that in 2022. How-
ever, it should be noted that the infection rate on
these three farms also appeared to be limited, with
the prevalence of antibodies ranging from 0% to a
maximum of 12% (Figure 8).

DISCUSSION

The findings of this study provide insight into the
impact of BTV-3 on the health of multiple animal
species. The clinical signs observed during the BTV-3
outbreak appeared similar to those observed during
the previous BTV-8 outbreak, although more severe.
Overall, the case fatality rate was high, especially in
sheep.

Although it is too early to quantify the full impact of
this BTV-3 outbreak, it seems that the spread of BTV-3

occurred faster and had a more severe impact'’ than
did the BTV-8 outbreak in the period 2006-2008.?° In
August 2006, the BTV outbreak was detected in the
southern Netherlands, and movement restrictions for
animals were put in place immediately. In that year,
spread remained limited to the southern region, with
approximately 400 notified cases. In 2023, the situation
was completely different. The first cases were detected
in the centre of the Netherlands at the beginning of
September, and no movement restrictions were imple-
mented. During the following months, BTV-3 spread
rapidly throughout large parts of the country, infect-
ing over 5000 farms. During the BTV-8 outbreak, the
virus started to spread again from July 2007 onwards
and infected the majority of ruminant herds and flocks
in the Netherlands.?! Most BTV-8 infections and the
highest impact on animal health were observed in the
second year of the outbreak (2007).%°

The severity of clinical signs associated with BTV-
3 varied greatly within and among animal species
(sheep, cattle and dairy goats) on the 13 monitored
farms that were followed up, as did morbidity and
mortality. However, the seroprevalence on all moni-
tored farms at the end of the study was relatively low.
We were able to use the antibody results at the end of
the study period to measure the prevalence because,
without spread of BTV-3, the studied cattle should
have been antibody negative. Before the BTV-3 out-
break, no BTV infections had been detected in the
Netherlands since 2099, with freedom from infection
proven every year between 2009 and 2023 accord-
ing to EU legislation. This resulted in the Netherlands
obtaining official BTV-free status since February 2012.
This fact, combined with the fact that we ensured
that only non-BTV-vaccinated herds were included in
our study, allowed us to conclude that the antibod-
ies found during the study were acquired through a
BTV-3 infection. During the study period, mortality
was significantly higher in sheep that tested anti-
body positive in October than in antibody-negative
sheep. The seroprevalences of sheep farms unexpect-
edly decreased during the study period, most likely
due to the high case fatality rate in sheep. There was
a clear increase in seroprevalence in cattle, possibly
due to the fact that most cattle survived the infec-
tion and antibodies were subsequently detected in
these animals at the final measurement. Based on the
overall low seroprevalences found on BTV-3-infected
farms in our study (Figure 8), it may be that the
majority of the Dutch livestock population is still sus-
ceptible to BTV-3 infections, even in infected herds.
Based on that and the experiences during the previ-
ous outbreak, it is likely that BTV-3 will overwinter,
similar to BTV-8 in 2006 and 2007, when the highest
impact was seen in the second year. There is a major
concern about what to expect in 2024 if no licensed
vaccine is available in time. Additionally, BTV-3 could
overwinter in more locations in 2023/2024 than in
2006/2007.

Similar to the outbreak of BTV-8, we found that
BTV-3 was vertically transmitted from cows and ewes
to their unborn offspring.>'%?? It is not yet clear
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whether vertical transmission can lead to the birth of
clinically healthy calves and lambs positive for BTV-3
or to the birth of animals with congenital abnormal-
ities. All these outcomes were observed during the
previous BTV-8 outbreak.”?

The remaining questions are whether the virus will
overwinter and which preventive measures could be
taken by farmers in order to prevent new infections
in 2024. Based on previous experience with BTV-8 and
the relatively mild winter of 2023/2024, overwintering
of BTV-3 is a realistic scenario. In the case of success-
ful overwintering of BTV-3, applying an effective and
safe inactivated BTV-3 vaccine is likely to be the best
measure to prevent new infections. In spring 2023,
it was reported that a German autogenous vaccine
was found to cause clinical signs of BT after vacci-
nation, resulting in BTV PCR-positive animals. At the
time of writing, several BTV-3 vaccines are available
for the Dutch, Belgian and German markets. Besides
vaccination, management measurements could be
taken by farmers to protect susceptible animals from
being bitten by Culicoides midges. Based on an EFSA
report,”* it may be concluded that the use of insecti-
cides and repellents reduces host/vector contact, but
no evidence for a positive effect on the reduction of
transmission of BTV in the field was found. Based on
preliminary experience from this outbreak and sci-
entific proof during the previous outbreak,?> housing
of animals, especially during midge activity periods,
combined with proper ventilation seems to be the best
known protective measure.

The Dutch CHSS and SRHSS, in which farmers and
veterinary practitioners play an important role in the
early detection and monitoring of animal diseases, in
close collaboration with the Royal GD, WBVR, NVWA
and the Ministry of Agriculture, Nature and Food Qual-
ity, has proved to be essential in the early detection
of the BTV-3 outbreak. This study revealed that sero-
prevalence across various animal species remained
low after 2023. However, there is a significant risk of
BTV overwintering. Therefore, it remains crucial for
veterinarians and livestock owners to continue report-
ing new clinical suspicions to the NVWA and the Royal
GD telephone helpdesk. The Dutch monitoring and
surveillance system will remain crucial in identifying
future infections.

CONCLUSIONS

BTV-3 rapidly spread in a large part of the Netherlands
in 2023, infecting several ruminant species. Sheep
exhibited the most severe clinical signs, with high mor-
tality and case fatality rates. A wide variety of clinical
signs and disease severities were observed in other
species. Overall, the clinical signs related to this BTV-
3 outbreak seem more severe than those related to
the BTV-8 outbreak in the Netherlands in the period
2006-2008. The availability of a licensed inactivated
vaccine is crucial to combat BTV-3.
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