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Abstract: Tick-borne encephalitis virus (TBEV) is the most important tick-borne zoonotic virus
in Europe. In Belgium, antibodies to TBEV have already been detected in wildlife and domestic
animals, but up-to-date prevalence data for TBEV are lacking, and no studies have assessed its
seroprevalence in sheep. Serum samples of 480 sheep from all over Belgium and 831 wild boar
hunted in Flanders (northern Belgium) were therefore screened for TBEV antibodies by ELISA and
plaque reduction neutralization test (PRNT), respectively. The specificity of positive samples was
assessed by PRNTs for TBEV and the Louping Ill, West Nile, and Usutu viruses. TBEV seroprevalence
was 0.42% (2/480, CI 95%: 0.11–1.51) in sheep and 9.27% (77/831, CI 95%: 7.48–11.43) in wild boar.
TBEV seroprevalence in wild boar from the province of Flemish Brabant was significantly higher
(22.38%, 15/67) compared to Limburg (7.74%, 34/439) and Antwerp (8.61%, 28/325). Oud-Heverlee
was the hunting area harboring the highest TBEV seroprevalence (33.33%, 11/33). In an attempt to
obtain a Belgian TBEV isolate, 1983 ticks collected in areas showing the highest TBEV seroprevalence
in wild boars were tested by real-time qPCR. No TBEV-RNA-positive tick was detected. The results
of this study suggest an increase in TBEV prevalence over the last decade and highlight the need for
One-Health surveillance in Belgium.

Keywords: prevalence; sheep; wild boar; tick-borne encephalitis; ticks; PRNT; Belgium

1. Introduction

Tick-borne encephalitis virus (TBEV) is an important viral tick-borne zoonosis in
Europe and Asia, and its incidence seems to have increased in recent years [1–3]. This
zoonotic neurotropic flavivirus is currently divided into at least five subtypes, namely the
European (TBEV-Eu), Far-Eastern (TBEV-FE), Siberian (TBEV-Sib), Himalayan (TBEV-Him),
and recently detected Baikalian (TBEV-Bkl) subtypes [4–6]. These subtypes differ not only
in their geographical distribution but also in their clinical manifestations and the severity
of the disease [7,8]. TBEV is mostly transmitted by the tick Ixodes ricinus in Western Europe
and I. persulcatus in Eastern Europe and Siberia, but alimentary transmission via the raw
milk or raw milk products of viremic ruminants can also occur [9–13]. At least 11 European
countries have already reported alimentary TBEV infections and outbreaks, with recent
examples from Croatia in 2019 and France in 2020 [14–16]. TBEV is distributed within
the tick population mainly through cofeeding and trans-stadial transmission, and more
rarely through trans-ovarial transmission [6,17]. TBEV prevalence in questing ticks is rather
low (<1%), and its circulation between ticks and hosts is geographically restricted to small
foci [3,18–20]. Rodents constitute the main reservoir hosts of TBEV, but different species
of wild and domestic mammals (particularly deer, wild boar, sheep, cattle, and goats)
play an indirect role in TBEV circulation by hosting and enabling tick multiplication [6,21].
Although humans are incidental and dead-end hosts, about 3411 cases were reported in 2019
in Europe from 25 countries [22]. About 2/3 of human TBEV infections are asymptomatic,
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but in some cases TBEV can cause encephalitis with serious sequelae [23,24]. Symptomatic
disease is often characterized by a biphasic pattern with flu-like symptoms in the first
stage, an asymptomatic interval, and a second stage with neurological manifestations
ranging from mild meningitis to severe encephalitis with or without myelitis and spinal
paralysis [25,26]. In animals, TBEV infection is mostly asymptomatic, but rare clinical cases
with neurological symptoms have been reported [27–29]. Infected ruminants are viremic
for a short period but develop long-lasting antibodies; thus, sheep and goats have recently
been used for the monitoring of TBEV in different countries [3,30–33]. In addition, sheep
and goats are easy to sample and are exposed to ticks by grazing in the meadows, which
makes them optimal sentinels for the detection of TBEV [3,33,34]. Wild boar have also been
used as sentinels for TBEV surveillance given their preference for landscapes that are also
suitable habitats for I. ricinus tick populations and the formation of natural TBEV foci [35].

Serological tests are the most common methods for TBEV diagnosis and epidemiolog-
ical studies, since the short viremic phase of infection limits the usefulness of molecular
assays, which are also expensive and time-consuming. Serological testing often consists
of an initial screen via an enzyme-linked immunosorbent assay (ELISA), followed by the
confirmation of borderline and positive results with the gold-standard seroneutralization
test (SNT). Both ELISA and SNT have previously been used to detect TBEV-specific anti-
bodies in animals including sheep and wild boar. However, serological tests suffer some
drawbacks, such as cross-reaction with antibodies against other flaviviruses [33,34,36].

In Belgium, antibodies against TBEV were detected in cattle (2.61–4.29%), wild boar
(4.20%), roe deer (5.1%), and dogs (0.11%) between 2011 and 2016 [37–41]. Three confirmed
autochthonous human cases were also recently reported [42]. However, no detection in
ticks or the isolation of the virus itself have been reported, and the most recently published
seroprevalence data date back to 2016. The aim of this study was to provide up-to-date
prevalence data for TBEV in Belgium. Therefore, this study assessed the country-wide
prevalence of TBEV in sheep and the prevalence in wild boar serum and questing ticks
from Flanders.

2. Materials and Methods
2.1. Samples
2.1.1. Sheep Sera

The sheep sample size (n = 480) necessary to estimate the seroprevalence in Belgium
with 95% confidence and a precision of 2% was determined using the Epitools website
(https://epitools.ausvet.com.au/) (accessed on 10 February 2020). We therefore considered
a design prevalence of 4%, based on the expected prevalence provided by the literature [39],
together with a test sensitivity of 97% and a test specificity of 99%, as reported by the
manufacturer of the selected ELISA kit. Sheep samples (n = 480) were selected from the
already available samples (n = 7299) collected during the “Maedi-Visna (MVV) and Caprine
Arthritis and Encephalitis (CAE) screening program 2019”. This is a voluntary program set
up by the federal government (Royal Decree 24-03-1993 for MVV and 27-11-1997 CAE) that
allows the acquisition of a free small-ruminant lentivirus (SRLV) certificate.

In order to obtain the country-wide seroprevalence, a randomized sample selection pro-
cess stratified proportional to the number of sheep herds per province (obtained from [43])
was performed. The number of samples selected from each province can be found in Table 1.
All Belgian provinces (n = 10) were included in this nation-wide screening (Figure 1).

https://epitools.ausvet.com.au/
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Table 1. Number of samples selected from each province.

Province Selected Samples for the Estimation of TBEV Seroprevalence

Antwerp 37
Limburg 31

East Flanders 126
West Flanders 90

Flemish Brabant 52

Flanders 336

Walloon Brabant 10
Hainaut 44
Namur 32
Liege 35

Luxembourg 23

Wallonia 144

Belgium 480
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Figure 1. Geographical repartition of sheep samples (indicated with blue circles). The 10 Belgian
provinces are indicated in bold. WVL: West Flanders, OVL: East Flanders, ANT: Antwerp, LIM:
Limburg, VBR: Flemish Brabant, WBR: Walloon Brabant, HNT: Hainaut, NAM: Namur, LG: Liege,
LUX: Luxembourg. The size of the blue circle corresponds to the number of samples per farm (from
1 to 13 samples).

2.1.2. Wild Boar Sera

All serum samples were collected from wild boar hunted in northern Belgium from
May 2019 to October 2020 in the framework of the active monitoring of classical and
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African swine fever virus, brucellosis, tuberculosis, and Aujeszky’s disease by the Flemish
government. All wild boar sera samples with sufficient volumes (n = 831) from 50 different
hunting locations within the provinces of Antwerp (n = 325), Limburg (n = 439), and
Flemish Brabant (n = 67) were tested (Figure 2). These provide a dataset that corresponded
to the geographical distribution of wild boar in Flanders [44]. No wild boar were hunted in
the provinces of East Flanders (OVL) and West Flanders (WVL).
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Figure 2. Geographical repartition of the 50 wild boar hunting spots where sera were collected
between May 2019 and October 2020. The 5 Flemish provinces are indicated in bold. WVL: West
Flanders, OVL: East Flanders, ANT: Antwerp, LIM: Limburg, VBR: Flemish Brabant. The 4 isolated
spots in the bottom right (Teuven, Remersdaal, Saint-Pieters Voeren, and Sint-Martens Voeren) belong
to the province of Limburg.

2.2. Ethics Statement

No specific ethical approval had to be obtained for this study, since the collection of
blood from sheep and wild boar by a veterinarian is considered a routine veterinary practice
and needs no specific approval from an ethical committee under current European and
Belgian legislation (Directive 2010/63/EU of the European parliament and of the council of
22 September 2010 on the protection of animals used for scientific purposes; Belgian Royal
Decree of May 2013 relating to the accommodation and care of experimental animals (C
2013/24221, chap I. §4)).

2.3. Serological Analysis

The presence of antibodies against TBEV in sheep sera was assessed using a com-
mercial ELISA kit (IMMUNOZYM FSME IgG ALL SPECIES, Progen Biotechnik GmbH,
Heidelberg, Germany) following the manufacturer’s instructions. The measured optical
density (OD) was converted into Vienna units (VIEU/mL) based on the values of the
calibrators included in the kit. Samples with more than 126 VIEU/mL were considered
positive, samples with less than 63 VIEU/mL were considered negative, and samples with
63 to 126 VIEU/mL were considered borderline.

ELISA positive and borderline samples were assessed using the plaque reduction
neutralization test (PRNT) to confirm the TBEV status and to evaluate potential cross-
reactions with other flaviviruses, namely louping ill virus (LIV), West Nile virus (WNV),
and Usutu virus (USUV). For this purpose, sheep sera were decomplemented (30 min
at 56 ◦C), five-fold diluted, and then serially two-fold diluted (from 1/5 to 1/640) in
Dulbecco’s Modified Eagle Medium (DMEM, GibcoTM Thermo Fisher Scientific, Waltham,
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MA, USA) in 96-well plates. Subsequently, approximately 20 to 50 plaque-forming units
of the viruses were added to each serum dilution and incubated for 1 h at 37 ◦C. The
strains TBEV Neudörfl, LIV LI/31, Israeli WNV IS-98-ST1, and USUV Italy 2012 were
used. Next, the virus–serum mixes were added to a 95% confluent monolayer of vero
cells and incubated for 24–72 h at 37 ◦C, depending on the tested virus. Cells were then
washed with PBS and fixed with methanol for immunofluorescence staining. Primary
virus-specific mouse monoclonal anti-NS1 antibodies (R&D systems, Bio-Techne Ltd.,
Minneapolis, MN, USA) and a secondary Alexa fluor-conjugated goat anti-mouse IgG
antibody (Invitrogen, Thermofisher Scientific, Waltham, MA, USA) were used. All sera
were tested in duplicate, and the number of plaques per well was counted under the
fluorescence microscope. Wells in which the number of plaques was reduced by 50% or
more compared to the number of plaques in control wells were considered neutralized.
Based on the literature [33,45–48], the cut-off for positivity was fixed at a titer of 1/10.

The presence of anti-TBEV antibodies in wild boar serum was directly assessed by
PRNT. Given their suboptimal quality, wild boar sera were kaolin-treated beforehand, as
previously described [49]. The samples were then decomplemented and tested in TBEV–
PRNT following the aforementioned protocol. Positive samples further underwent PRNTs
for LIV, WNV, and USUV to evaluate potential cross-reactions with other flaviviruses. Each
sample received a final status based on the PRNT in which it reached the highest titer.
When no 4-fold difference was found between PRNT titers for different flaviviruses, the
samples received the status of flavivirus-positive.

2.4. Tick Collection

A total of 1983 (1515 nymphs, 216 females, 241 males, and 11 larvae) questing ticks
were collected in June and October 2021 by flagging in areas with the top 5 highest TBEV
prevalence in wild boar (in this study). These included 7 collection sites in total (encom-
passing wild boar hunting posts) within the forests of Hoge Vijvers Bos, Bladelse Heide,
Kommiezenheide, and Luyksgestelse; the national park of Hoge Kempen; and the wood-
land of Meerdaalwoud. These areas are located in the provinces of Antwerp, Limburg, and
Flemish Brabant within the northern part of Belgium (Flanders). The latter is characterized
by a highly fragmented landscape and is one of the most densely populated regions in
Europe. Forests cover about 11% of the total area in Flanders and are mainly composed
of pine and poplar plantations and to a lesser extent oak, mixed deciduous, and beech
forests [44,50]. The collection sites presented various habitats, such as forests, grasslands,
fields, wetlands, and low shrubby vegetation including heather, all often interspersed by
road networks. Collected ticks were morphologically identified to species level using a
taxonomic key [51].

2.5. Tick Pooling and Homogenization, RNA Extraction, and qPCR Analysis

Ticks were pooled according to development stage, sex, and sampling site, so that each
pool contained a maximum of 6 ticks. The 11 larvae were pooled all together. A total of
408 tick pools were prepared and homogenized in 500 µL of Minimum Essential Medium
(MEM, GibcoTM Thermo Fisher Scientific, Waltham, MA, USA) using 2 stainless steel beads
(5 mm, Qiagen®) and a tissue lyser (TissueLyser II, QIAGEN®) for 5 min at 25 Hz. After
centrifugation for 1 min at 10,000 rpm, 200 µL of tick homogenate was harvested for RNA
extraction. RNA from tick homogenates was extracted using the IndiMag® Pathogen
Kit (Indical Bioscience, Leipzig, Germany) following the manufacturer’s protocol. Five
microliters of eluted RNA (from individual extracts) was used to assess the presence of
TBEV RNA by qPCR, as described by [36]. All samples were also tested for the presence
of Ixodes ricinus β-actin as an extraction control. In each run, negative extraction and
negative and positive amplification controls were also included. All qPCRs were carried
out on a LightCycler 480 Real-Time PCR system (Roche, Basel, Switzerland) using the
AgPath-ID™ One-Step RT-PCR Reagents (Applied BiosystemsTM, Thermo Fisher Scientific,
Waltham, MA, USA).



Viruses 2022, 14, 2362 6 of 14

2.6. Statistical Analysis and Mapping

The TBEV prevalence and the 95% confidence interval (CI) were calculated using
Wilson’s method implemented on the Epitools website (https://epitools.ausvet.com.au/)
(accessed on 15 September 2022). Fisher’s exact tests or chi-square tests were used to
compare the seroprevalence of TBEV in wild boar between the Belgian provinces. Statistical
analyses were performed using GraphPad Prism 9. p-values < 0.05 were regarded as
statistically significant. The maps of the geographical repartition of samples and hunting
spots were made in QGIS®3.4 (Switzerland) using Belgium and Flanders vector layers in
the Belgian Lambert 2005 EPSG projection.

3. Results
3.1. TBEV-Specific Antibody Detection in Sheep

The ELISA screening of the 480 sheep sera from all over Belgium resulted in three pos-
itive (0.63%) and ten borderline samples (2.08%). Two out of the three positives originated
from East Flanders, while the third positive came from the province of Liege. Borderline
samples, on the other hand, were distributed as follows: one borderline sample in the
provinces of Luxembourg, Liege, Limburg, Walloon Brabant, Antwerp, and East Flanders;
and four borderline samples in the province of Hainaut. No positive or borderline samples
were found in the provinces of West Flanders and Flemish Brabant (Figure 3).
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samples according to ELISA. WVL: West Flanders, OVL: East Flanders, ANT: Antwerp, LIM: Lim-
burg, VBR: Flemish Brabant, WBR: Walloon Brabant, HNT: Hainaut, NAM: Namur, LG: Liege,
LUX: Luxembourg.

The ELISA TBEV-positive and borderline samples were further subjected to PRNTs
for TBEV, LIV, WNV, and USUV in order to confirm their status and to check for flaviviral
cross-reactivity. The three ELISA TBEV-positive samples tested negative in all four PRNTs.
Out of the 10 ELISA TBEV borderline samples, two samples were confirmed to be TBEV-
positive (at 1:20 titers), while two others were found to be USUV-positive (Figure 3). With

https://epitools.ausvet.com.au/
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only two confirmed TBEV-positive samples, the national TBEV seroprevalence in sheep
was 0.42% (2/480, CI 95%: 0.11–1.51).

3.2. TBEV-Specific Antibody Detection in Wild Boar

Sera from 831 hunted wild boar were screened by PRNT for the presence of anti-TBEV
antibodies. One hundred and forty-two samples were found to be positive (17.09%). These
positive samples were further subjected to PRNTs for LIV, WNV, and USUV to evaluate
potential cross-reactions with other flaviviruses. Based on the obtained neutralization
titers in the different PRNTs, 77 of the 142 (54.23%) samples were classified as TBEV-
positive, 28 (19.71%) as USUV-positive, and 37 (26.06%) as flavivirus-positive. Therefore,
the minimal national TBEV prevalence was 9.27% (77/831, CI 95%: 7.48–11.43). Of the
confirmed TBEV-positive samples, 27.27% (21/77) had a titer of 1:10, 28.57% (22/77) had a
titer of 1:20, 16.88% (13/77) had a titer of 1:40, and 27.27% (21/77) reached a titer of 1:80. At
the provincial level (Figure 4, Table 2), a significantly higher TBEV seroprevalence (chi2 test:
p = 0.0005) was obtained in Flemish Brabant (22.39%) compared to Limburg (7.74%) and
Antwerp (8.62%).
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Table 2. The prevalence of tick-borne encephalitis virus prevalence per province in wild boar.

Province Sampled TBEV–PRNT Positive Prevalence (%)

Antwerp 325 28 8.62 (CI 95%: 6.03–12.17)
Limburg 439 34 7.74 (CI 95%: 5.59–10.63)

Flemish Brabant 67 15 22.39 (CI 95%: 14.06–33.71)

Flanders 831 77 9.27 (CI 95%: 7.48–11.43)
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The analysis of TBEV prevalence per hunting area showed that TBEV-seropositive
wild boar were found in 24 out of the 50 hunting spots. Oud-Heverlee harbored the highest
seroprevalence rate of 33.33% (11/33). At the other locations, the seroprevalence ranged
between 4.35% (3/69) and 14.29% (5/35).

3.3. TBEV Detection in Ticks

In an attempt to detect and obtain a Belgian TBEV strain, 1983 Ixodes ricinus ticks were
collected in the areas showing the highest TBEV prevalence in wild boar (Figure 4). These
comprised 1515 nymphs, 216 females, 241 males, and 11 larvae. A total of 408 pools were
tested for the presence of TBEV RNA by real-time qPCR. No TBEV-RNA-positive ticks
were detected.

4. Discussion

TBEV is a growing concern in Europe, with increasing alimentary outbreaks and new
foci being detected in previously unaffected areas [15,16,52–55]. Veterinary surveillance
is believed to provide more information on the TBEV eco-epidemiological situation in
low-prevalence areas than medical surveillance [56–58]. Grazing domestic animals (cattle,
sheep, and goats) and wild animals (wild boar, roe deer, and red fox) have proven to be
suitable sentinels for TBEV detection and surveillance [30,34,38,59–63].

TBEV infection in small ruminants is generally asymptomatic, but TBEV antibodies in
these animals have been reported to last for years [64]. No studies to date have assessed
TBEV prevalence in these animals in Belgium. We therefore screened a representative
sample set of 480 sheep sera from all over Belgium using ELISA to determine the country-
wide TBEV seroprevalence in sheep. This ELISA screening resulted in a seroprevalence
of 2.71% (0.63% positives and 2.08% borderlines), but only two samples were confirmed
as TBEV-positive by the gold-standard seroneutralization test (here performed in PRNT
format). The final overall seroprevalence in sheep was therefore 0.42% (CI 95%: 0.11–1.51).
It is thus important to point out the different results obtained for some samples according to
ELISA and SNT. The ELISA used in this study was a commercial non-competitive indirect
ELISA kit that used the horseradish peroxidase protein G conjugate to detect all species’ IgG
against the whole inactivated TBEV virus (Neudoerfl strain). Our results suggested that this
ELISA kit may have been less flavivirus-specific and more prone to cross-reactions and false-
positives compared to the SNT, further emphasizing the indispensability of confirmatory
testing. Similar low TBEV seroprevalence rates in sheep were also reported in North-
Eastern Germany (0.53%) and Tunisia (0.38%) [33,65]. Higher seroprevalence was, however,
found in the Czech Republic (32.5%), Romania (15.02%), Sweden (7.9%), and Hungary
(7%) [31,66,67]. These countries are known to be endemic for TBEV, particularly the Czech
Republic, while Belgium is currently classified as a country at-risk for TBEV emergence [68].
In addition, the sheep sector in Belgium is small compared to the aforementioned countries
and consists mostly of hobbyist farmers keeping a few animals in their backyard [43].
These might be contributing factors to the low TBEV seroprevalence observed in Belgian
sheep. The two sheep samples that were confirmed to be TBEV-positive by PRNT were
both obtained from the province of Hainaut (Figure 3), suggesting the presence of natural
TBEV foci in this province.

Wild boar were suggested to be suitable sentinels to estimate TBEV seroprevalence in
endemic areas, since the prevalence in these animals may surpass that of other hosts [38,69,70].
Our serological screening of 831 Flemish wild boar sera by PRNT yielded 142 positive
samples. The cross-reactivity of these samples to WNV, USUV, and LIV was analyzed by
PRNTs. Twenty-eight samples were finally classified as USUV-positive. This might have
been related to the outbreak of USUV in Belgium in 2016 [71,72]. This outbreak occurred
in various bird species in the provinces of Antwerp, Limburg, and Flemish Brabant but
also in the southern part of Belgium and neighboring countries (France, Germany, and
The Netherlands) [71,72]. Although no study has assessed the exposure of wild boar to USUV
in Belgium, the geographical spread of USUV in Flanders mostly overlaps with the locations
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where the 28 wild boar found to be USUV-seropositive in this study were hunted [72]. Thirty-
seven of the one hundred and forty-two samples were defined as flavivirus-positive, given
that similar titers were obtained for at least two flaviviruses. Seventy-seven of the one
hundred and forty-two samples were confirmed to be TBEV-positive, leading to a minimal
overall prevalence of 9.27% (CI 95%: 7.48–11.43) in wild boar. A prevalence of 4.20% was
previously reported by Roelandt et al. (2016) in Flemish wild boar hunted in 2013 [38]. Our
results thus suggest an increase in the prevalence of TBEV in Flemish wild boar (statistically
significant, chi2: p = 0.0118). This suggestion is plausible, since TBEV incidence in Europe
has been increasing in recent years [52,73], perhaps because of the increased tick abundance
and geographic spread due to climate change [74]. Moreover, the wild boar population in
Flanders has increased since the animals’ return in 2006 after half a century of absence [44]. It
remains, however, difficult to ascertain the increase in TBEV seroprevalence in the Flemish
wild boar population given the differences between the two studies in sample size, screening
method, and the Flemish provinces included.

We found that 34/439 wild boar from the province of Limburg were positive for
TBEV antibodies. This further emphasizes the presence of TBEV foci in this province.
Other studies in wild boar and roe deer have also indicated the presence of TBEV in
Limburg [38,40]. This could be related to its location near border areas with the Netherlands,
which was thought to be TBEV free until the detection of the virus in ticks collected in 2015.
This was followed by reports of human autochthonous cases in 2016 and 2017. Moreover,
Rijks et al. (2019) reported new potential TBEV foci located near border areas with Belgium
based on roe deer screening for TBEV antibodies [75,76].

Out of the 67 wild boar sera originating from the province of Flemish Brabant, 15 were
TBEV-seropositive. The detection of TBEV antibodies in samples from Flemish Brabant
has so far only been reported for one roe deer by Tavernier et al. (2015) [40]. Although
TBEV-seropositive samples were found in each of the three Flemish provinces, the preva-
lence of TBEV between these provinces differed. It was the highest in the province of
Flemish Brabant (22.39%, CI 95%: 14.06–33.71) compared to the provinces of Antwerp
(8.62%, CI 95%: 6.03–12.17) and Limburg (7.74%, CI 95%: 5.59–10.63). This difference was
statistically significant (chi2: p = 0.0005).

TBEV-seropositive wild boar were found in 24 out of the 50 hunting areas, 3 of which
(Bree, Dilsen-Stockem, and Maaseik) overlapped with areas where TBEV-seropositive roe
deer were found [40]. This could further substantiate the presence of TBEV endemic foci in
these spots. Interestingly, a very high TBEV prevalence of 33% was found at Oud-Heverlee.
This area contains the Heverlee woods, the Meerdaal forest, and the Egenhoven woods,
which form the largest mixed deciduous woods in Flanders. Moreover, red American
oak is the predominant tree species in these woods. This could constitute an ideal habitat
for I. ricinus ticks, which are known to be more abundant in oak forests [77], and also
provide appropriate conditions to sustain a rising wild boar population [78]. The high
TBEV seroprevalence in wild boar suggests that the risk of acquiring TBEV in this area is
higher compared to in other areas, and so it might be advisable to raise awareness among
visitors to these forests to avoid tick bites.

Besides providing information on the TBEV seroprevalence in Belgium, our study also
aimed to obtain a Belgian TBEV isolate. Therefore, we tested 1983 questing ticks collected
from areas that were found to be TBEV hotspots according to the wild boar screening. How-
ever, none of the ticks were found to be positive for TBEV. This was in line with the results
from Lernout et al. (2019) [79], who also did not detect TBEV in 1599 ticks collected from
humans all over Belgium. This was probably related to the low prevalence of TBEV in field-
collected ticks, which rarely exceeds 1% even in regions with high human incidence [80],
and the fact that TBEV-positive ticks are geographically restricted to small natural foci.
This has been illustrated by several studies. For instance, TBEV prevalence was assessed
in 8897 questing ticks in known TBEV risk areas in Germany, but none of the 2289 pools
were found to be positive. In another study in Switzerland, a total of 62,343 questing ticks
were collected at 165 sites throughout the country, and TBEV RNA was detected in only
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0.46% of the ticks [80]. Ott et al. (2020) tested a total of 17,893 questing ticks collected in a
TBEV high-risk area, and only 7 out of 2228 pools were found to be positive [81]. TBEV
detection in ticks seems to be more successful when the microfoci of the virus circulation
are identified and when an integrative approach, combining veterinary and medical data,
is applied. This was recently illustrated by Alfano et al. (2020), Bournez et al. (2020), and
Gonzalez et al. (2022) [16,82,83]. A similar approach involving the collection of ticks in
areas where TBEV exposure most likely occurred for the three confirmed autochthonous
human cases is therefore recommended for Belgium.

5. Conclusions

This study was the first to screen for the presence of TBEV-specific antibodies in
Belgian sheep, leading to an estimated seroprevalence of 0.42% (CI 95%: 0.11–1.51). It
also provides up-to-date information on the seroprevalence of TBEV in Flemish wild boar,
which was estimated to be 9.27% (CI 95%: 7.48–11.43), suggesting an increase in TBEV
seroprevalence over the last decade. The high TBEV seroprevalence in wild boar at specific
spots indicates the presence of potential TBEV foci in Flanders, although no TBEV Belgian
isolate was obtained. A follow-up on TBEV prevalence in wild boar and other sentinel
animals is therefore recommended. There is, moreover, a need to increase awareness among
the public, veterinarians, and healthcare professionals regarding the potential risk of TBEV
emergence in Belgium.
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20. Kupča, A.M.; Essbauer, S.; Zoeller, G.; de Mendonça, P.G.; Brey, R.; Rinder, M.; Pfister, K.; Spiegel, M.; Doerrbecker, B.; Pfeffer, M.;
et al. Isolation and Molecular Characterization of a Tick-Borne Encephalitis Virus Strain from a New Tick-Borne Encephalitis
Focus with Severe Cases in Bavaria, Germany. Ticks Tick. Borne. Dis. 2010, 1, 44–51. [CrossRef]

21. Patel, R.; Singh, R.; Gupta, B.; Rai, A.; Dubey, S.; Singh Dhakad, B.M.; Divya Soni, D. Tick Borne Viral Zoonotic Diseases: A
Review. J. Entomol. Zool. Stud. 2020, 8, 2034–2042.

22. European Center for Disease Prvention and Control. Tick-Borne Encephalitis. In Annual Epidemiological Report for 2019; ECDC:
Stockholm, Sweden, 2021. Available online: https://www.ecdc.europa.eu/en/publications-data/tick-borne-encephalitis-annual-
epidemiological-report-2019 (accessed on 19 October 2022).

23. Kaiser, R. Tick-Borne Encephalitis. Infect. Dis. Clin. N. Am. 2008, 22, 561–575. [CrossRef] [PubMed]
24. Bogovic, P.; Lotric-furlan, S.; Strle, F. What Tick-Borne Encephalitis May Look like: Clinical Signs and Symptoms. Travel Med.

Infect. Dis. 2010, 8, 246–250. [CrossRef] [PubMed]
25. Lindquist, L.; Vapalhati, O. Tick-Borne Encephalitis. Lancet 2008, 371, 1861–1871. [CrossRef]
26. Ellwanger, J.H.; Chies, J.A.B. Host Immunogenetics in Tick-Borne Encephalitis Virus Infection—The CCR5 Crossroad. Ticks Tick

Borne Dis. 2019, 10, 729–741. [CrossRef]
27. Böhm, B.; Schade, B.; Bauer, B.; Hoffmann, B.; Hoffmann, D.; Ziegler, U.; Beer, M.; Klaus, C.; Weissenböck, H.; Böttcher, J.

Tick-Borne Encephalitis in a Naturally Infected Sheep. BMC Vet. Res. 2017, 13, 267. [CrossRef]
28. Süss, J.; Dobler, G.; Zoller, G.; Essbauer, S.; Pfeffer, M.; Klaus, C.; Liebler-Tenorio, E.M.; Gelpi, E.; Stark, B.; Hotzel, H. Genetic

Characterisation of a Tick-Borne Encephalitis Virus Isolated from the Brain of a Naturally Exposed Monkey (Macaca sylvanus). Int.
J. Med. Microbiol. 2008, 298, 295–300. [CrossRef]

29. Weissenböck, H.; Suchy, A.; Holzmann, H. Tick-Borne Encephalitis in Dogs: Neuropathological Findings and Distribution of
Antigen. Acta Neuropathol. 1998, 95, 361–366. [CrossRef]

30. Klaus, C.; Beer, M.; Saier, R.; Schau, U.; Moog, U.; Hoffmann, B.; Diller, R.; Süss, J. Goats and Sheep as Sentinels for Tick-Borne
Encephalitis (TBE) Virus—Epidemiological Studies in Areas Endemic and Non-Endemic for TBE Virus in Germany. Ticks Tick.
Borne. Dis. 2012, 3, 27–37. [CrossRef]

31. Springer, A.; Glass, A.; Topp, A.K.; Strube, C. Zoonotic Tick-Borne Pathogens in Temperate and Cold Regions of Europe—A
Review on the Prevalence in Domestic Animals. Front. Vet. Sci. 2020, 7, 604910. [CrossRef]

http://doi.org/10.1016/j.antiviral.2019.01.014
http://doi.org/10.1159/000149880
http://doi.org/10.2807/ese.17.12.20128-en
http://doi.org/10.1007/BF00145300
http://www.ncbi.nlm.nih.gov/pubmed/8891541
http://doi.org/10.3201/eid1510.090743
http://www.ncbi.nlm.nih.gov/pubmed/19861072
http://doi.org/10.1016/j.jviromet.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19836419
http://doi.org/10.3390/v14010056
http://doi.org/10.1016/j.ttbdis.2020.101513
http://www.ncbi.nlm.nih.gov/pubmed/32993933
http://doi.org/10.3389/fmicb.2022.863725
http://www.ncbi.nlm.nih.gov/pubmed/35479640
http://doi.org/10.1093/jmedent/30.1.295
http://doi.org/10.1016/j.ijmm.2007.12.005
http://doi.org/10.1128/AEM.00391-10
http://doi.org/10.1016/j.ttbdis.2009.11.002
https://www.ecdc.europa.eu/en/publications-data/tick-borne-encephalitis-annual-epidemiological-report-2019
https://www.ecdc.europa.eu/en/publications-data/tick-borne-encephalitis-annual-epidemiological-report-2019
http://doi.org/10.1016/j.idc.2008.03.013
http://www.ncbi.nlm.nih.gov/pubmed/18755391
http://doi.org/10.1016/j.tmaid.2010.05.011
http://www.ncbi.nlm.nih.gov/pubmed/20970727
http://doi.org/10.1016/S0140-6736(08)60800-4
http://doi.org/10.1016/j.ttbdis.2019.03.005
http://doi.org/10.1186/s12917-017-1192-3
http://doi.org/10.1016/j.ijmm.2008.02.001
http://doi.org/10.1007/s004010050811
http://doi.org/10.1016/j.ttbdis.2011.09.011
http://doi.org/10.3389/fvets.2020.604910


Viruses 2022, 14, 2362 12 of 14

32. Casati Pagani, S.; Frigerio Malossa, S.; Klaus, C.; Hoffmann, D.; Beretta, O.; Bomio-pacciorini, N.; Lazzaro, M.; Merlani, G.;
Ackermann, R.; Beuret, C. Ticks and Tick-Borne Diseases First Detection of TBE Virus in Ticks and Sero-Reactivity in Goats in a
Non-Endemic Region in the Southern Part of Switzerland (Canton of Ticino). Ticks Tick Borne Dis. 2019, 10, 868–874. [CrossRef]
[PubMed]

33. Frimmel, S.; Löbermann, M.; Feldhusen, F.; Seelmann, M.; Stiasny, K.; Süss, J.; Reisinger, E.C. Detection of Tick-Borne Encephalitis
Virus Antibodies in Sera of Sheep and Goats in Mecklenburg-Western Pomerania (North-Eastern Germany). Ticks Tick Borne Dis.
2019, 10, 901–904. [CrossRef] [PubMed]

34. Klaus, C.; Hoffmann, B.; Moog, U.; Schau, U.; Beer, M.; Süss, J. Can Goats Be Used as Sentinels for Tick-Borne Encephalitis (TBE)
in Non- Endemic Areas? Experimental Studies and Epizootiological Observations. Berl. Munch. Tierarztl. Wochenschr. 2010, 12,
441–445. [CrossRef]

35. Bournez, L.; Umhang, G.; Faure, E.; Boucher, J.M.; Boué, F.; Jourdain, E.; Sarasa, M.; Llorente, F.; Jiménez-Clavero, M.A.; Moutailler,
S.; et al. Exposure of Wild Ungulates to the Usutu and Tick-Borne Encephalitis Viruses in France in 2009–2014: Evidence of
Undetected Flavivirus Circulation a Decade Ago. Viruses 2020, 12, 9. [CrossRef] [PubMed]

36. Schwaiger, M.; Cassinotti, P. Development of a Quantitative Real-Time RT-PCR Assay with Internal Control for the Laboratory
Detection of Tick Borne Encephalitis Virus (TBEV) RNA. J. Clin. Virol. 2003, 27, 136–145. [CrossRef]

37. Roelandt, S.; Heyman, P.; De Filette, M.; Vene, S.; Van Der Stede, Y.; Caij, A.B.; Tavernier, P.; Dobly, A.; De Bosschere, H.; Vyt, P.;
et al. Tick-Borne Encephalitis Virus Seropositive Dog Detected in Belgium: Screening of the Canine Population as Sentinels for
Public Health. Vector-Borne Zoonotic Dis. 2011, 11, 1371–1376. [CrossRef]

38. Roelandt, S.; Suin, V.; Van der Stede, Y.; Lamoral, S.; Marche, S.; Tignon, M.; Saiz, J.C.; Escribano-Romero, E.; Casaer, J.; Brochier,
B.; et al. First TBEV Serological Screening in Flemish Wild Boar. Infect. Ecol. Epidemiol. 2016, 6, 4–7. [CrossRef]

39. Roelandt, S.; Suin, V.; Riocreux, F.; Lamoral, S.; Van Der Heyden, S.; Van Der Stede, Y.; Lambrecht, B.; Caij, B.; Brochier, B.; Roels,
S.; et al. Autochthonous Tick-Borne Encephalitis Virus-Seropositive Cattle in Belgium: A Risk-Based Targeted Serological Survey.
Vector-Borne Zoonotic Dis. 2014, 14, 640–647. [CrossRef]

40. Tavernier, P.; Sys, S.U.; De Clercq, K.; De Leeuw, I.; Caij, A.B.; De Baere, M.; De Regge, N.; Fretin, D.; Roupie, V.; Govaerts, M.;
et al. Serologic Screening for 13 Infectious Agents in Roe Deer (Capreolus capreolus) in Flanders. Infect. Ecol. Epidemiol. 2015,
5, 29862. [CrossRef]

41. Roelandt, S.; Suin, V.; Van Gucht, S.; Van Der Stede, Y.; Roels, S. Comparative Tick-Borne Encephalitis (Virus) Surveillance in
Belgium 2009-2015: Experiences with Diagnostic Tests, Sentinel Species and Surveillance Designs. J. Zoonotic Dis. Public Health
2017, 1, 4.

42. Stoefs, A.; Heyndrickx, L.; de Winter, J.; Coeckelbergh, E.; Willekens, B.; Alonso-Jiménez, A.; Tuttino, A.M.; Geerts, Y.; Ariën,
K.K.; van Esbroeck, M. Autochthonous Cases of Tick-Borne Encephalitis, Belgium, 2020. Emerg. Infect. Dis. 2021, 27, 217–2182.
[CrossRef] [PubMed]

43. Michiels, R.; Van Mael, E.; Quinet, C.; Welby, S.; Cay, A.B.; De Regge, N. Seroprevalence and Risk Factors Related to Small
Ruminant Lentivirus Infections in Belgian Sheep and Goats. Prev. Vet. Med. 2018, 151, 13–20. [CrossRef] [PubMed]

44. Rutten, A.; Cox, K.; Scheppers, T.; Vanden Broecke, B.; Leirs, H.; Casaer, J. Analysing the Recolonisation of a Highly Fragmented
Landscape by Wild Boar Using a Landscape Genetic Approach. Wildl. Biol. 2019, 2019, 1–11. [CrossRef]

45. Holzmann, H.; Kundi, M.; Stiasny, K.; Clement, J.; McKenna, P.; Kunz, C.; Heinz, F.X. Correlation between ELISA, Hemaggluti-
nation Inhibition, and Neutralization Tests after Vaccination against Tick-Borne Encephalitis. J. Med. Virol. 1996, 48, 102–107.
[CrossRef]

46. Kollaritsch, H.; Paulke-korinek, M.; Holzmann, H.; Hombach, J.; Bjorvatn, B.; Barrett, A. Vaccines and Vaccination against
Tick-Borne Encephalitis. Expert Rev. Vaccines 2012, 11, 1103–1119. [CrossRef] [PubMed]

47. Venturi, G.; Mel, R.; Marchi, A.; Mancuso, S.; Russino, F.; Da, G.; Papa, N.; Bertiato, G.; Fiorentini, C.; Grazia Ciufolini, M.
Humoral Immunity and Correlation between ELISA, Hemagglutination Inhibition, and Neutralization Tests after Vaccination
against Tick-Borne Encephalitis Virus in Children. J. Virol. Methods 2006, 134, 136–139. [CrossRef]

48. Weissbach, F.H.; Hirsch, H. Comparison of Two Commercial Tick-Borne Encephalitis Virus IgG Enzyme-Linked Immunosorbent
Assays. Clin. Vaccine Immunol. 2015, 22, 754–760. [CrossRef]

49. Van Der Stede, Y.; Cox, E.; Verdonck, F.; Vancaeneghem, S.; Goddeeris, B.M. Reduced Faecal Excretion of F4 + -E. coli by the
Intramuscular Immunisation of Suckling Piglets by the Addition Of 1a,25-dihydroxyvitamin D3 or CpG-oligodeoxynucleotides.
Vaccine 2003, 21, 1023–1032. [CrossRef]

50. Vandekerkhove, K. Integration of Nature Protection in Forest Policy in Flanders (Belgium): INTEGRATE Country Report; EFICENT-OEF:
Freiburg, Switzerland, 2013; pp. 1–65.

51. Hillyard, P.D. Ticks of North-West Europe; Backhyus Publishers: London, UK, 1996.
52. Deviatkin, A.A.; Kholodilov, I.S.; Vakulenko, Y.A.; Karganova, G.G.; Lukashev, A.N. Tick-Borne Encephalitis Virus: An Emerging

Ancient Zoonosis? Viruses 2020, 12, 247. [CrossRef]
53. Holding, M.; Dowall, S.D.; Medlock, J.M.; Carter, D.P.; Pullan, S.T.; Lewis, J.; Vipond, R.; Rocchi, M.S.; Baylis, M.; Hewson, R.

Tick-Borne Encephalitis Virus, United Kingdom. Emerg. Infect. Dis. 2020, 26, 90–96. [CrossRef]
54. Agergaard, C.N.; Rosenstierne, M.W.; Bødker, R.; Rasmussen, M.; Andersen, P.H.S.; Fomsgaard, A. New Tick-Borne Encephalitis

Virus Hot Spot in Northern Zealand, Denmark, October 2019. Eurosurveillance 2019, 24, 1900639. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ttbdis.2019.04.006
http://www.ncbi.nlm.nih.gov/pubmed/31047827
http://doi.org/10.1016/j.ttbdis.2019.04.012
http://www.ncbi.nlm.nih.gov/pubmed/31003897
http://doi.org/10.2376/0005-9366-123-
http://doi.org/10.3390/v12010010
http://www.ncbi.nlm.nih.gov/pubmed/31861683
http://doi.org/10.1016/S1386-6532(02)00168-3
http://doi.org/10.1089/vbz.2011.0647
http://doi.org/10.3402/iee.v6.31099
http://doi.org/10.1089/vbz.2014.1576
http://doi.org/10.3402/iee.v5.29862
http://doi.org/10.3201/eid2708.211175
http://www.ncbi.nlm.nih.gov/pubmed/34111382
http://doi.org/10.1016/j.prevetmed.2017.12.014
http://www.ncbi.nlm.nih.gov/pubmed/29496101
http://doi.org/10.2981/wlb.00542
http://doi.org/10.1002/(SICI)1096-9071(199601)48:1&lt;102::AID-JMV16&gt;3.0.CO;2-I
http://doi.org/10.1586/erv.12.86
http://www.ncbi.nlm.nih.gov/pubmed/23151167
http://doi.org/10.1016/j.jviromet.2005.12.010
http://doi.org/10.1128/CVI.00096-15
http://doi.org/10.1016/S0264-410X(02)00553-4
http://doi.org/10.3390/v12020247
http://doi.org/10.3201/eid2601.191085
http://doi.org/10.2807/1560-7917.ES.2019.24.43.1900639
http://www.ncbi.nlm.nih.gov/pubmed/31662158


Viruses 2022, 14, 2362 13 of 14

55. Kreusch, T.M.; Holding, M.; Hewson, R.; Harder, T.; Medlock, J.M.; Hansford, K.M.; Dowall, S.; Semper, A.; Brooks, T.; Walsh,
A.; et al. A Probable Case of Tick-Borne Encephalitis (TBE) Acquired in England, July 2019. Eurosurveillance 2019, 24, 1900679.
[CrossRef] [PubMed]

56. Süss, J. Tick-Borne Encephalitis 2010: Epidemiology, Risk Areas, and Virus Strains in Europe and Asia-An Overview. Ticks Tick
Borne Dis. 2011, 2, 2–15. [CrossRef] [PubMed]

57. Klaus, C.; Hoffmann, B.; Beer, M.; Müller, W.; Stark, B.; Bader, W.; Stiasny, K.; Heinz, F.X.; Süss, J. Seroprevalence of Tick-Borne
Encephalitis (TBE) in Naturally Exposed Monkeys (Macaca sylvanus) and Sheep and Prevalence of TBE Virus in Ticks in a TBE
Endemic Area in Germany. Ticks Tick Borne Dis. 2010, 1, 141–144. [CrossRef]

58. European Centre for Disease Prevention and Control. Epidemiological Situation of Tick-Borne Encephalitis in the European Union and
European Free Trade Association Countries; ECDC: Stockholm, Sweden, 2012. Available online: https://www.ecdc.europa.eu/sites/
default/files/media/en/publications/Publications/TBE-in-EU-EFTA.pdf (accessed on 28 September 2022).

59. Carpi, G.; Cagnacci, F.; Neteler, M.; Rizzoli, A. Tick Infestation on Roe Deer in Relation to Geographic and Remotely Sensed
Climatic Variables in a Tick-Borne Encephalitis Endemic Area. Epidemiol. Infect. 2008, 136, 1416–1424. [CrossRef]

60. Gerth, H.J.; Grimshandl, D.; Stage, B.; Döller, G.; Kunz, C. Roe Deer as Sentinels for Endemicity of Tick-Borne Encephalitis Virus.
Epidemiol. Infect. 1995, 115, 355–365. [CrossRef]

61. Haemig, P.D.; Sjöstedt De Luna, S.; Grafström, A.; Lithner, S.; Lundkvist, Å.; Waldenström, J.; Kindberg, J.; Stedt, J.; Olsén,
B. Forecasting Risk of Tick-Borne Encephalitis (TBE): Using Data from Wildlife and Climate to Predict next Year’s Number of
Human Victims. Scand. J. Infect. Dis. 2011, 43, 366–372. [CrossRef]

62. Rizzoli, A.; Silaghi, C.; Obiegala, A.; Rudolf, I.; Hubálek, Z.; Földvári, G.; Plantard, O.; Vayssier-Taussat, M.; Bonnet, S.; Špitalská,
E.; et al. Ixodes Ricinus and Its Transmitted Pathogens in Urban and Peri-Urban Areas in Europe: New Hazards and Relevance
for Public Health. Front. Public Health 2014, 2, 251. [CrossRef]

63. Palo, R.T. Tick-Borne Encephalitis Transmission Risk: Its Dependence on Host Population Dynamics and Climate Effects.
Vector-Borne Zoonotic Dis. 2014, 14, 346–352. [CrossRef]

64. Klaus, C.; Ziegler, U.; Hoffmann, D.; Press, F.; Fast, C.; Beer, M. Tick-Borne Encephalitis Virus (TBEV) Antibodies in Animal
Sera—Occurrence in Goat Flocks in Germany, Longevity and Ability to Recall Immunological Information after More than Six
Years. BMC Vet. Res. 2019, 15, 399. [CrossRef]

65. Khamassi Khbou, M.; Romdhane, R.; Foughali, A.A.; Sassi, L.; Suin, V.; Rekik, M.; Benzarti, M. Presence of Antibodies against
Tick-Borne Encephalitis Virus in Sheep in Tunisia, North Africa. BMC Vet. Res. 2020, 16, 441. [CrossRef] [PubMed]

66. Salat, J.; Strakova, P.; Stefanik, M.; Slosarkova, S.; Ruzek, D. Sero-Epidemiology of Tick-Borne Encephalitis in Small Ruminants in
the Czech Republic. Ticks Tick Borne Dis. 2022, 13, 101996. [CrossRef] [PubMed]

67. Salat, J.; Mihalca, A.D.; Mihaiu, M.; Modrý, D.; Ruzek, D. Tick-Borne Encephalitis in Sheep, Romania. Emerg. Infect. Dis. 2017, 23,
2065–2067. [CrossRef] [PubMed]

68. Van Esbroeck, M.; Lernout, T.; Suin, V.; Van Gucht, S. TBE in Belgium. Chapter 12b; In The TBE Book, 5th ed.; Dobler, G., Erber, W.,
Bröker, M., Schmitt, H.J., Eds.; Global Health Press: Singapore, 2022. [CrossRef]

69. Gómez Martínez, C. Role of Cervids and Wild Bor on the Presence of Tick-Borne Encephalitis Virus in Sweden. Master’s Thesis,
Swedish University of Agricultural Sciences, Uppsala, Sweden, 2014.

70. Cisak, E.; Wójcik-Fatla, A.; Sroka, J.; Zajac, V.; Bilska-Zajc, E.; Chmurzyńska, E.; Dutkiewicz, J. Prevalence of Tick-Borne
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