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@ Summary

In certain regions of central
Europe, the bicolored white-toothed
shrew (Crocidura leucodon) is the
reservoir host of Borna disease vi-
rus 1 (BoDV-1), an agent with zo-
onotic potential that causes a non-
purulent meningoencephalitis in
some domestic mammals. Croci-
dura leucodon is endemic in Austria
and forms part of the diet of the red
fox (Vulpes vulpes), so it is likely
that red foxes are exposed to
BoDV-1. Borna disease has been
diagnosed in domestic mammals
in the federal states of Vorarlberg,
Upper Austria and Styria and BoDV-
1 infections were found in shrews in
Upper Austria. We now report an in-
vestigation of the red fox for BoDV
infection in Austrian regions where
BoDV has occurred in the past.

We tested brain samples (n=365)
for the presence of bornavirus RNA
by two RT-gPCR assays. We also
tested serum samples (n=271) for
BoDV-1-reactive antibodies using
an indirect immunofluorescence as-
say (IFAT). Samples with positive
reactions were re-analysed with a
modified version of the IFAT.
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B8 Zusammenfassung

Erhebung zum Vorkommen
des Borna-Virus in Rotflichsen
(Vulpes vulpes) in Osterreich

Einleitung

Die Feldspitzmaus (Crocidura
leucodon) ist der Reservoirwirt des
Borna disease virus 1 (BoDV-1),
dem Erreger der Bornaschen
Krankheit, die sich als nichteitrige
Meningoenzephalitis bei Pferden,
Schafen und anderen S&ugetieren
in bestimmten endemischen Re-
gionen in Mitteleuropa darstellt und
zoonotischen Charakter aufweist.
Crociduraleuacodonistin Osterreich
heimisch und gleichzeitig Nahrungs-
bestandteil von Flchsen (Vulpes
vulpes), somit ist ein direkter Kon-
takt von Flichsen zu BoDV wéhrend
der Beutejagd anzunehmen. In
Osterreich sind bis dato einzelne
Falle von Bornascher Krankheit
bei Pferden und Hunden aus Vor-
arlberg, Oberoésterreich und der
Steiermark bekannt. Ziel dieser
Studie war es, Fichse aus diesen
drei Bundeslandern auf eine mogli-
che BoDV-Infektion zu untersuchen.
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Material und Methoden
Insgesamt 365 Gehirnproben von
Fuchsen aus Obergsterreich, der
Steiermark und Vorarlberg wurden
mittels zwei verschiedener RT-
gPCR Tests auf das Vorhandensein
von BoDV spezifischer RNA unter-
sucht, einem fur BoDV-1 spezi-
fischen Ansatz und einem Ansatz,
welcher ein weites Spektrum von
Orthobornaviren detektiert. Zudem
wurden 271 Serumproben von
Flchsen aus Vorarlberg mittels In-
direktem  Immunfluoreszenztest
(IFAT) auf das Vorhandensein von
BoDV-1-reaktiven Antikdrpern unter-
sucht. Proben mit positiven Test-
reaktionen wurden in einem modi-

fiziertem IFAT ein weiteres Mal
getestet.
Ergebnisse

Alle Gehirnproben wurden in der
RT-gPCR mit negativem Ergebnis
getestet. Drei Serumproben (1,1 %)
waren im Screeningtest auf BoDV-
1-infizierten Verozellen positiv, bei
diesen Proben wurde der Test mit-
tels modifiziertem IFAT auf SK6
Zellen wiederholt und es konnte nur
bei einer Probe das serologische
Ergebnis bestéatigt werden. Da im
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All brain samples were negative for BoDV-1 and
pan-bornavirus RT-gPCR. Three serum samples (1.1 %)
gave positive results in the screening test on BoDV-1-
infected Vero cells but only one of them showed compa-
rable IFAT titres in the confirmatory test on SK6 cells. As
bornavirus RNA was not detectable in the brain of the
animal in question, we assume that the seroreactivity re-
sulted from an unspecific cross-reaction.

We conclude that the prevalence of bornavirus infec-
tions in red foxes in Austria is at most very low, even in
regions where BoDV-1 or BoDV-2 previously occurred. It
remains unclear whether foxes are a dead-end host for
BoDV-1 and there is a need for further investigations into
the aetiology of encephalitis in the red fox.
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Gehirn des betreffenden Tieres keine virusspezifische
RNA nachgewiesen werden konnte, muss die ermittelte
Seroreaktivitét als wahrscheinlich unspezifisch gewertet
werden.

Diskussion

Die Studienergebnisse lassen vermuten, dass die
Pravalenz von Bornavirusinfektionen bei Flichsen allen-
falls sehr gering ist, auch in dsterreichischen Regionen,
aus denen Falle von BoDV-1 oder BoDV-2 bekannt sind.
Ob Fichse an einer BoDV-Infektion erkranken kénnen,
muss in weiterfihrenden Studien untersucht werden.

Abbreviations: BoDV = Borna disease virus; Cq = cycle of quantification; IFAT = indirect immunofluorescence assay; NTC = negative control
template; PBS = phosphate-buffered saline; RT-gPCR = Quantitative reverse transcription polymerase chain reaction

B Introduction

Borna disease virus 1 (BoDV-1, family Bornaviridae,
order Mononegavirales) is the causative agent of
Borna disease, a progressive meningoencephalitis of
horses, sheep and other domestic mammals, in certain
regions of central Europe (Staeheli et al. 2000; Kuhn et
al. 2015). BoDV-1 RNA and antigen have been detect-
ed in the brains of human patients with severe enceph-
alitis and bornavirus-reactive antibodies were found
in their sera and cerebrospinal fluid (Schlottau et al.
2018; Niller et al. 2020), showing that the virus has zo-
onotic potential.

Borna disease is sporadically diagnosed in horses,
sheep und South American camelids and there are
rare reports of the disease in other mammalian spe-
cies, such as cats, dogs, cattle and rabbits (Kinnunen
et al. 2013). In the dead-end host of the virus, infec-
tion causes an immune-mediated pathogenesis re-
sulting in a non-purulent encephalitis that leads to a
broad spectrum of neurological symptoms (Caplazi &
Ehrensperger 1998; Stitz et al. 2002; Durrwald et al.
2016). The bicolored white-toothed shrew (Crocidura
leucodon) is the reservoir host of BoDV-1 (Dirrwald et
al. 2014). Infected shrews have a high viral load in many
organs. They do not develop pathological alterations or
clinical signs but shed the virus via various routes in-
cluding saliva, urine, skin and faeces (Nobach et al.
2015). The incidence of Borna disease shows a sea-
sonal variation with higher numbers of cases in spring
and early summer and yearly fluctuating disease peaks
(Darrwald et al. 2006). BoDV-1 is endemic in parts of
eastern and southern Germany, the eastern part of
Switzerland, Liechtenstein and parts of the Austrian
federal states of Upper Austria and Vorarlberg (Niller
et al. 2020; Ebinger et al. 2024). There have been cas-
es of BoDV-1 infection in Upper Austria in four horses
(2015-2016) and in several shrews (Weissenbdck et al.

2017) and in Vorarlberg in two horses (1993 and 1997)
and one dog (1994) (Weissenbdck et al. 1998a, b).
BoDV-2, a close relative of BoDV-1, was discovered
in a single horse that died of neurological disease in
Styria in 1998 (Nowotny et al. 2000). Figure 1 shows
the verified cases of BoDV in Austria.

The European population of the red fox (Vulpes vul-
pes, hereafter also 'fox') has increased over the last
decades and the species has invaded urban areas
(Deplazes et al. 2004). In the hunting period 2021-2022,
about 69,875 foxes were shot and 3,681 were found
dead (game casualties) in Austria (Statistik Austria
2022). As foxes can be carriers of zoonotically impor-
tant pathogens and sources of infection for humans,
e.g. Echinococcus multilocularis (Gottstein et al. 2015)
and Rabies lyssavirus (Matouch 2008), it is important to
study the fox population and monitor it for the incidence
of potentially zoonotic or emerging infectious diseases.
The aetiology of non-suppurative encephalitis, usually
caused by viral infection (Grant & Sameh 2007), in fox-
es is often unclear. In central Europe, canine distemper
virus is the most frequently detected pathogen in red
foxes with non-suppurative brain lesions (Hoche et al.
2022). Other potential viral causes of encephalitis are
Rabies lyssavirus (Matouch 2008), Aujeszky’s disease
virus (SHV-1) (Moreno et al. 2020), canine adenovirus
type 1 (Walker et al. 2016) and circoviruses (Bexton
et al. 2015) but bacteria such as Streptococcus canis
(Hoche et al. 2022) and parasites, e.g. Toxoplasma
gondii (Verin et al. 2013), may also cause brain lesions
with a purulent or granulomatous character.

As the bicolored white-toothed shrew forms part of
the diet of red foxes in Austria (Spitzenberger & Bauer
2001), foxes sharing the habitat with BoDV-1-infected
shrews may be exposed to the viral agent (Kauhala et
al. 1998; Kidawa & Kowalczyk 2011). It is thus possible
that foxes may serve as a sentinel species for the pres-
ence of BoDV-1 in wildlife. We now report an investi-

2/10



witm

Wiener Tierdrztliche Monatsschrift — VVeterinary Medicine Austria

111 (2024): doci2 PUBLI:S.S(ST':'

/ ® shrew
*dog

[ horse

0 20 40 80

vueue Basisdaten: Verwaltungsgrenzen © BEV

Fig. 1: Geographical distribution of previous cases of Borna disease virus 1 (BoDV-1) and BoDV-2 in Austria. / Geografische Darstellung bestatigter

Falle von Borna Disease Virus in Osterreich.

Tab. 1: Number, origin and date of collection of the samples from red foxes (Vulpes vulpes) tested for Borna disease virus by RT-qPCR and indirect
immunofluorescence assay. / Ubersicht (iber die Anzahl, Herkunft und Probenahmedatum der auf Borna disease virus untersuchten Proben von
Fuchsen (Vulpes vulpes) mittels RT-gPCR und indirektem Immunfluoreszenztest.

Brain samples (n) /

Region Gehirnproben (n)

Serum samples (n) /
Serumproben (n)

Sample collection date (month/year) /
Probennahmedatum (Monat/Jahr)

Styria / Steiermark 70 -

01/2015-12/2016

Upper Austria /

Oberdsterreich 29 - 01/2015-08/2016
271 (204 paired with the brain sam-  11/2013 — 12/2016
Vorarlber 266 ple / von 204 Fiichsen wurden so- most from November to February / die
9 wohl Gehirn- als auch Serumproben  meisten Proben zwischen November
untersucht) und Februar
Total / Gesamt 365 271 11/2013 — 12/2016

gation of BoDV-1 and -2 infection in free-ranging red
foxes in regions of Austria where BoDV-1/-2 infections
previously occurred.

@ Materials and methods
Sample origin

We investigated 365 brain tissue samples and
271 blood serum samples from red foxes. The sam-
ples originated from three Austrian federal states in
which BoDV-1 or BoDV-2 occurred in the past: Upper

Austria, Vorarlberg and Styria, as described in Table 1.
The majority of the brain tissue samples and all of
the blood samples were obtained from a prevalence
study on Echinococcus multilocularis (2013—2016) in
Vorarlberg. Additional brain tissue samples came from
the national rabies monitoring programme of 2015 and
2016 (Styria: n=70, Upper Austria: n=29, Vorarlberg:
n=9). These samples had previously tested negative
for rabies. The origins of the samples are shown in
Figures 2 (brain samples) and 3 (blood samples). Most
animals were hunted during the winter hunting season
(November—February); only eight animals were found
dead and three killed because they showed behaviour

3/10



wtm

indicative of rabies. Table 1 presents the collection dates
of the samples. The tissue samples were taken from
160 juvenile animals, defined as younger than one year,
and 96 adults, with the age not specified for 109 sam-
ples; 132 of the animals were female and 125 male,
with the sex not specified for 108 samples. The blood
samples came from 180 juveniles and 90 adults, with
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the age not specified for one sample; 128 of the ani-
mals sampled were female and 142 male, with the sex
not specified for one sample. Carcasses in a good state
of preservation were sent to the laboratory, where sam-
pling was conducted. Brain tissue (approx. 2 g), mainly
brain stem, was taken with a spoon accessing from the
Foramen magnum and blood samples (approx. 2 ml)

-

. 1

Quelle Basisdaten: Verwaltungsgrenzen © BEV

Fig. 2: Origin of 365 brain samples from red foxes (Vulpes vulpes) that tested negative by RT-qPCR for Borna disease virus 1 (BoDV-1) and other
Orthobornaviruses, originating from Styria, Upper Austria and Vorarlberg. The diameters of the dots represent the number of samples per muni-
cipality. / Geographische Darstellung der 365 Gehirnproben von Fiichsen (Vulpes vulpes), welche mittels RT-gPCR negative auf Borna Disease
Virus 1 (BoDV-1) und andere Orthobornaviren getestet wurden. Die Proben stammen aus den Osterreichischen Bundeslandern Steiermark,
Oberdésterreich und Vorarlberg. Der Durchmesser der Kreisflache gibt die Probenanzahl pro Gemeinde an.

Fig. 3: Origin of serum samples (n=271) from red foxes (Vulpes vulpes),
originating from Vorarlberg, tested for Borna disease virus 1 (BoDV-1)-
reactive antibodies using an indirect immunofluorescence assay (IFAT)
and previous cases of BoDV-1 in Vorarlberg. The sample shown in red
gave positive results in both the IFAT and the modified IFAT; the two
samples shown in yellow gave positive results in the IFAT and nega-
tive in the modified IFAT. The samples shown in green gave negative
results in the IFAT. The diameters of the dots represent the numbers of
samples per municipality. / Geographische Darstellung der untersuch-
ten Serumproben (n=271) von aus Vorarlberg stammenden Flichsen
(Vulpes vulpes), welche mittels Indirektem Immunfluoreszenztest (IFAT)
auf das Vorhandensein von Borna Disease Virus 1 (BoDV-1)-reaktiven
Antikérpern untersucht wurden sowie bestétigter Féalle von BoDV-1 in
Vorarlberg. Die rot eingezeichnete Probe wurde sowohl im IFAT als
auch im modifizierten IFAT positiv getestet, die zwei gelb dargestellten
Proben waren im IFAT positiv und im modifizierten IFAT negativ und die
Proben in Grun hatten im IFAT negative Ergebnisse. Der Durchmesser
der Kreisflache gibt die Probenanzahl pro Gemeinde an.

/* positive in the IFAT and negative in the modified IFAT
Yk positive in both the IFAT and the modified IFAT
°
[
@

© 21-38

Quelle Basisdaten: Verwaltungsgrenzen © BEV
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either from the heart or from blood accumulation with-
in the body cavities. Samples were stored in tubes at
-15 °C until investigation. The corresponding brain
sample was available for 204 blood samples and not
available for 67 blood samples.

RNA extraction and detection of bornavirus RNA
by RT-gPCR

We pre-treated tissue samples as follows: 25-30 mg
of each brain sample was transferred to a 2 ml tube
with a screw cap containing 300 mg glass beads, size
0.1 mm (Retsch GmbH, Haan, Germany). One ml of
PowerBead Solution (Qiagen GmbH, Hilden, Germany)
was added and the sample homogenized for 4 min at
25 Hz using a TissuelLyzer Il (Qiagen GmbH). The
tube was centrifuged for 1 min at 14,000 rpm and ei-
ther 200 pl of the supernatant was extracted immedi-
ately, or 300 pl of the supernatant was transferred to a
fresh tube and stored at -15 °C until extraction. After
thawing, these samples were centrifuged for 1 min at
14,000 rpm and 200 pl of the supernatant was used for
extraction. Viral RNA was extracted with the IndiMag®
Pathogen Kit (Indical Bioscience GmbH, Leipzig,
Germany) and the KingFisher™ Flex Purification
System (Thermo Fisher Scientific, Vienna, Austria), fol-
lowing the manufacturers’ instructions; the elution vol-
ume was 60 pl. BoDV-1-positive tissue samples from a
horse were used as a positive control for preparation
and extraction (dilution 1:4 with PowerBead Solution).
Extracts were stored at 4 °C (short-term) or at -15 °C
(long-term) and subjected to two RT-gPCR assays.

For the specific detection of BoDV-1, we used p40
primers and probes targeting the BoDV-1 nucleopro-
tein N (Schindler et al. 2007). Each reaction contained
6.25 pl 2x gScript XLT one-step RT-gPCR ToughMix
(Quanta BioSciences, Gaithersburg, USA), 1.0 ul of
the primer-probe-mix (10 pmol/ul primer and 2.5 pmol/
ul probe), 1.0 pl of beta-actin mix (2.5 pmol/ul primer
and probe) (Toussaint et al. 2007), 1.75 yl RNase-free
water and 2.5 pyl RNA template or RNase-free water
for the no template control (NTC) in a total volume of
12.5 pl. The thermal programme consisted of 1 cycle
of 50 °C for 10 min and 95 °C for 1 min, followed by
45 cycles of 95 °C for 10 s, 57 °C for 30 s and 68 °C
for 30 s. All RT-gPCRs were performed using a CFX96
Touch Real-Time PCR Detection System with the CFX
Maestro V1-1 Software (Bio-Rad Laboratories, Vienna,
Austria) or an Mx3005P qPCR System with the MxPro
gPCR Software (Agilent, Santa Clara, USA).

To detect a broad spectrum of orthobornavirus-
es, including BoDV-1 and BoDV-2, we used panBor-
na mix 7.2, as described (Schlottau et al. 2018). The
RT-gPCR was performed using either the AgPath-ID™
One-Step RT-PCR Reagents or the SuperScript™ |l
One-Step RT-PCR System with Platinum™ Taq DNA
Polymerase (both Thermo Fisher Scientific, Vienna,
Austria). Each reaction contained 0.5 pl of enzyme mix
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and 6.25 pl of reaction mix, 0.94 ul of each primer (10
pmol/ul) and 0.32 ul of probe (10 pmol/ul), 1.25 ul of
beta-actin mix (2.5 pmol/ul primer and probe), 0.3 ul
RNase-free water and 2.0 yl RNA template or NTC in
a total volume of 12.5 pl. With AgPath-ID™ One-Step
RT-PCR Reagents, the thermal programme consisted
of 1 cycle of 45 °C for 10 min and 95 °C for 10 min,
followed by 50 cycles of 95 °C for 15 s and 60 °C for
45 s. The thermal programme for the SuperScript™ IlI
One-Step RT-PCR System assay consisted of 1 cycle
of 50 °C for 15 min and 95 °C for 2 min, followed by
45 cycles of 95 °C for 15 s and 60 °C for 30 s. All RT-
gPCRs were performed with the CFX96 Touch Real-
Time PCR Detection System and the CFX Maestro
V1-1 Software.

We used primers and probes targeting the beta-actin
gene (Toussaint et al. 2007) to assess the RNA qual-
ity of the samples and the efficacy of the RT-qPCR.
We used RNA dilutions from BoDV-1-positive tissue as
positive controls. Results were determined as cycle of
quantification (Cq) values.

Detection of BoDV-1-reactive antibodies using an
indirect immunofluorescence assay

Serum samples were tested for the presence of
bornavirus-reactive antibodies by an immunofluores-
cence antibody test (IFAT) according to described
protocols (Zimmermann et al. 2014; Schlottau et al.
2018). Confluent overnight cultures of either non-in-
fected Vero cells or non-infected Vero cells mixed with
30 % Vero cells persistently infected with BoDV-1 iso-
late Z65-1 (Niller et al. 2020) were fixed with 4 % para-
formaldehyde and permeabilized with 0.5 % Triton
X-100. Two-fold dilution series of samples were pre-
pared in Tris-HCI buffer with Tween 20 (T9039; Sigma-
Aldrich, Schnelldorf, Germany) and 50 pl of each di-
lution were added in parallel to the BoDV-1-positive
and -negative wells. After incubation for one hour, the
plates were washed three times with phosphate-buff-
ered saline (PBS), followed by incubation with goat
anti-dog-lIgG Cy3 conjugate (Jackson Immunoresearch,
Ely, UK) for another hour. After a final washing cycle,
endpoint titres were determined by fluorescence mi-
croscopy. We considered a dilution as positive if we
observed a staining pattern typical for bornaviruses
(particularly intranuclear inclusions) in the expected
30 % BoDV-1-infected cells of the test well but not in
the corresponding control well. Samples with positive
reactions were re-analysed using a modified version
of the IFAT. Confluent uninfected and BoDV-1 Z65-1-
infected porcine SK6 cells were air-dried for 2.5 hours
and incubated with the diluted sera and conjugate as
described above. SK6 cells were selected due to their
stability upon air drying. A potentially BoDV-1-specific
staining was assumed if both assays yielded reactiv-
ities with comparable titres. A mixture of monospecific
polycloncal rabbit sera directed against BoDV-1 N and

5/10



5

Wiener Tierdrztliche Monatsschrift — \Veterinary Medicine Austria

PUBLISSO

111 (2024): doci2

/ 1000

Fig. 4: Detection of bornavirus-reactive antibodies. We used the immu-
nofluorescence antibody test (IFAT) to test serum samples from red fo-
xes (Vulpes vulpes) for bornavirus-reactive antibodies. Initial screening
of all 271 samples was performed using formalin-fixed Vero cells. Three
samples gave positive reactions and were subsequently tested using he-
at-fixed SK6 cells. Only samples with comparable titres in both assays
were considered to show potentially bornavirus-specific seroreactivity.
/ Untersuchung auf Bornavirus-reaktive Antikdrper. Serumproben von
Fuchsen (Vulpes vulpes) wurden mittels indirekter Immunfluoreszenz
(IFAT) auf Bornavirus-reaktive Antikdrper getestet. 271 Proben wur-
den mit einem Screeningtest auf formalinfixierten Verozellen unter-
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sucht. Drei Proben zeigten eine positive Reaktion und wurden einem
Bestatigungstest auf hitzefixierten SK6 Zellen unterzogen. Nur Proben
mit vergleichbaren Antikérpertitern in beiden Tests wurden als Proben mit
potentieller Bornavirus-spezifischer Seroreaktivitat gewertet.

P protein (Zimmermann et al. 2014)
was used to confirm the antigen ex-
pression of the cells. The crossreac-
tivity of the anti-dog-IgG conjugate
with other members of the order
Carnivora was confirmed by includ-
ing a bornavirus-reactive cat serum
(Figure 5).

B Results

With the initial screening test on
BoDV-1-infected Vero cells, three
out of 271 (1.1 %) serum samples
showed a positive reactivity with low
to moderate IFAT titres of 40 (animal
236), 80 (animal 111) and 640 (an-
imal 212) on PFA-fixed Vero cells.
However, only animal 111 showed
a comparable titre in the confirma-
tory IFAT on heat-fixed SK6 cells,
with animals 236 and 212 (the sam-
ple with the highest titre on Vero
cells) negative in this assay (Figure
4; Figure 5). No bornavirus RNA
was detected in any of the 365 brain
samples from red foxes tested us-
ing the BoDV-1-specific or the pan-
Borna RT-gPCR assay. Brain sam-
ples were available for two of the
animals with seroreactivity, animals
111 and 212. Both of these brain
samples similarly tested negative by
RT-gPCR.

Vero - paraformaldehyde SK6 - heat

uninfected BoDV-1-infected uninfected

BoDV-1-infected

rabbit-anti
BoDV-1 N and P
dil. 2,000x

BoDV-1-reactive
cat serum
dil. 40x

fox 111
dil. 40x

Fig. 5: Detection of bornavirus-reactive antibodies by immunofluorescence antibody test (IFAT).
IFAT was performed using paraformaldehyde-fixed Vero cells and heat-fixed SK6 cells. Samples
were tested in parallel on BoDV-1-positive cultures containing approximately 30 % infected cells
and on uninfected control cells. A mixture of monospecific polyclonal rabbit hyperimmune sera
directed against the BoDV-1 N and P protein was used to confirm the presence of antigen in the
cells (upper panel; 2,000-fold dilution). The cross-reactivity of the anti-dog-IlgG conjugate with
other members of the order Carnivora was confirmed by including a bornavirus-reactive cat se-
rum (middle panel; 40-fold dilution). Of the fox samples, only serum 111 showed a positive, albeit
weak, reactivity on both cell types (bottom panel; 40-fold dilution). A positive reactivity is charac-
terized by a granular nuclear staining (or nuclear and cytoplasmic staining in case of the hyper-
immune sera) that is observed in the BoDV-1-infected but not in the uninfected control wells.
/ Untersuchung auf Bornavirus-reaktive Antikdrper mittels Immunfluoreszenz-Antikérpertest
(IFAT). Fur den IFAT wurden paraformaldehydfixierte Vero-Zellen und hitzefixierte SK6 Zellen
verwendet. Die Proben wurden auf BoDV-1-positiven Kulturen getestet, welche etwa 30 %
infizierte Zellen enthielten, und gleichzeitig auf nicht infizierten Kontrollzellen. Zur Bestatigung
der Antigenexpression wurde eine Mischung aus monospezifischen polyklonalen Kaninchen-
Hyperimmunseren gegen das BoDV-1 N und P Protein verwendet (obere Reihe, 2000-fache
Verdiinnung). Die Kreuzreaktivitat des anti-Hund-IgG Konjugats mit anderen Vertretern der
Ordnung Carnivora wurde mittels eines Bornavirus-reaktivem Katzenserums bestétigt (mittlere
Reihe; 40-fache Verdiinnung). Von den untersuchten Flichsen zeigte nur Serumprobe 111 eine
schwach positive Reaktivitat auf beiden Zelltypen (untere Reihe; 40-fache Verdiinnung). Eine
positive Reaktivitat ist gekennzeichnet durch eine granulére Kernfarbung (oder Farbung von
Kern und Zytoplasma im Fall der Hyperimmunseren) auf BoDV-1-infizierten Zellen, jedoch nicht
auf den uninfizierten Kontrollzellen.
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@ Discussion

We investigated free-ranging red foxes for infection
with BoDV-1 or -2 in regions of Austria where the vi-
ruses previously occurred. We detected no bornavi-
rus RNA by RT-gPCR in 365 brain samples from fox-
es; of the 271 serum samples tested by IFAT, only one
(0.4 %) yielded a positive result with comparable ti-
tres on two cell lines, suggesting a potentially borna-
virus-specific seroreactivity. Two additional sera yield-
ed a positive result when the IFAT was performed with
PFA-fixed Vero cells but the finding was not confirmed
using heat-fixed SK6 cells. As sera originating from pa-
tients with BoDV-1 infection confirmed by direct de-
tection of the virus yield nearly identical titres in both
variants of the assay (our unpublished data), such dis-
crepant results are likely to represent unspecific reac-
tivities. Binding to cellular epitopes present in the nu-
cleus of one but not the other cell line is a possible
explanation, or the result may relate to reactivity of a
serum with a single conformative epitope that is not ac-
cessible when the cells are fixed differently.

The brain of the potentially seropositive animal
showing seroreactivity using both IFAT variants was
available for testing. We found no viral DNA, so did not
confirm BoDV-1 infection. There are several potential
explanations for the discrepancy between supposed
seropositivity and the absence of direct virus detec-
tion in the brain. Orthobornaviruses establish life-long
persistent infections with a highly neurotropic tropism
in non-reservoir hosts and the highest viral loads are
found in the central nervous system (CNS) (Niller et al.
2020; Schulze et al. 2020; Furstenau et al. 2024). As
the animal originated from Vorarlberg, where BoDV-1
had been detected in the past, it might have been pre-
viously exposed to the virus. However, there is no evi-
dence that natural exposure to BoDV-1 can induce se-
roconversion without establishing persistent infection.
In confirmed cases of BoDV-1 infection, seroconversion
is often detectable only during the later course of the
disease, when the virus has already reached the brain
(Niller et al. 2020; Schulze et al. 2020). Seroreactivity
may also result from the high antigenic cross-reactivi-
ty among the members of the genus Orthobornavirus
(Zimmermann et al. 2014), although the panBorna RT-
gPCR did not give evidence of other orthobornaviruses
in this animal. The two variants of the IFAT may have
given positive results because the antibodies reacted
with cellular antigens that are preferentially expressed
in infected cells or because they incidentally detected
singular epitopes on a BoDV-1 antigen, as shown for
human sera (Billich et al. 2002; Schwemmle & Billich
2004). The seroreactivity of the animal cannot be con-
sidered as evidence of BoDV-1 infection from past ex-
posure to the pathogen.

The lack of evidence of BoDV-1 infection in foxes is
consistent with previous studies on foxes in endem-
ic and non-endemic regions of Germany. 16.4 % of
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the red foxes tested (37/225) showed seroreactivity,
with titres ranging between 40 and 2,560 (Bourg et al.
2016), although no BoDV-1 RNA was detected in any
of the 13 brain samples available for animals with se-
roreactivity, suggesting false positive serological re-
sults. Consistent with this assumption, there was no
significant difference in seroprevalence between en-
demic and non-endemic areas. The study also failed
to detect viral RNA in the brain tissue of 16 foxes that
showed a non-suppurative encephalitis highly suspi-
cious of a viral aetiology. Subsequent work found no
BoDV-1 in brain samples of nine foxes with enceph-
alitis from Schleswig-Holstein tested by RT-gPCR
(Lempp et al. 2017) — this region is not known to be
endemic for BoDV-1 (Ebinger et al. 2024) — or in 280
foxes with non-suppurative encephalitis from Saxony-
Anhalt (Hoéche et al. 2022), where BoDV-1 is endemic
(Ebinger et al. 2024).

Red foxes are generalist predators of small mam-
mals and mainly feed on rodents, especially Microtus
voles. Shrews (Soricidae) are eaten less than expect-
ed from their availability (Lanszki et al. 2007) but are a
component of the fox diet, mainly when food is scarce
(Kauhala et al. 1998; Kidawa & Kowalczyk 2011).
Bicolored white-toothed shrews are the only known
reservoir host of BoDV-1 (Nobach et al. 2015) and it
is conceivable that they have contact with foxes. As
we do not know what proportion of the fox diet is com-
posed of C. leucodon we cannot assume that foxes
have periodic contact to shrews. This represents one
of the limitations of our study, along with the fact that
the precise route of transmission of BoDV-1 infection
is unknown.

All samples we tested came from areas in which
BoDV-1 or -2 had previously occurred. Epidemiological
investigations have confirmed that Upper Austria is
an endemic area, with BoDV-1 detected in numerous
shrews in regions close to cases of confirmed Borna
disease in horses (Weissenbock et al. 2017). Our sam-
ples originated from different areas of Upper Austria
(Figure 2), not from the precise location of previous
BoDV-1 cases in horses, where presumably the infec-
tion rate is highest. There have been no tests for virus
in the reservoir host in Vorarlberg but the proximity to a
BoDV-1-affected area in Switzerland (Niller et al. 2020)
combined with several documented cases of Borna
disease in domestic mammals (Figure 1 and 3) make
an endemic setting plausible. There has only been one
documented case of BoDV-2 infection in Austria, which
occurred in a horse suffering from Borna disease in
Styria (Nowotny et al. 2000). Whether BoDV-2 is en-
demic in Styria and whether Crocidura leucodon also
serves as reservoir for this virus remain to be elucidat-
ed. The precise origin of a BoDV-1 infection is often un-
clear, as the period between infection and disease out-
break can last up to several months (Jacobsen et al.
2010; Priestnall et al. 2011).
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Because of the seasonal variation in incidence of
Borna disease (Durrwald et al. 2006), the investigation
period may affect the detection rate of the virus. We
tested samples collected between November 2013
and December 2016. Samples originating from Upper
Austria (n=29) were collected between January 2015
and August 2016, a period during which the region
saw cases of BoDV-1 infection in horses and shrews
(Weissenbdck et al. 2017), so it is conceivable that the
foxes from Upper Austria had been at risk of exposure
to infected shrews. In contrast, no BoDV-1 or BoDV-2
cases were reported during the period of investigation
in Styria and Vorarlberg.

We used brain stem to test for bornavirus RNA by
RT-gPCR. PCR has been used to investigate the tis-
sue distribution of BoDV-1 RNA in clinically diseased
horses and alpacas. High viral RNA loads were found
in the olfactory bulb and hippocampus but most brain
stem samples were also positive (Lebelt & Hagenau
1996; Schulze et al. 2020). While our choice of sam-
pling within the CNS is unlikely to cause the failure to
detect viral RNA, we cannot completely exclude the
possibility that it affected the sensitivity of the proce-
dure. Most foxes we tested had been hunted and were
thus likely to have been in good health prior to death.
Eight animals were found dead and three were killed
because of behaviour suspicious of rabies. We cannot
rule out encephalitis in these cases, as no pathological
examination was carried out. We expect that it is more
likely that we would detect an infectious agent in a
study population showing characteristic brain lesions.

Alpacas are highly susceptible to BoDV-1 and show
fatal neurological disease. The number of South
American camelids in Austria is growing and these spe-
cies may be ideal sentinels for the identification of new
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areas where BoDV-1 is endemic (Schulze et al. 2020).
A recent study found that 11.9 % of clinically healthy
South American camelids in all Austrian federal states
had seroreactivity in BoDV-1 IFAT, regardless of an en-
demic occurrence of BoDV-1, with a higher rate in the
eastern provinces (Danner et al. 2023). It is conceiva-
ble that many of the positive findings are due to unspe-
cific reactivity of the serological tests: the authors are
unaware of a single case of clinical Borna disease in
llamas or alpacas in Austria over the last decades.

In conclusion, the prevalence of bornavirus infec-
tions in red foxes is at most very low, even in regions
of Austria where BoDV-1 or BoDV-2 occurred previ-
ously. Only a very small proportion of the animals test-
ed demonstrated seroreactivities and we assume that
these were unspecific as they could not be confirmed
in a second assay and/or the corresponding brain sam-
ples were negative for bornavirus RNA. Consistent with
previous studies, we did not detect bornavirus RNA in
brain samples of foxes. It remains unclear whether fox-
es serve as a dead-end host for BoDV-1, developing
encephalitis and neurological disease. One document-
ed BoDV-1 infection each in a dog and a cat (Bornand
et al. 1998; Weissenbdck et al. 1998) suggest that car-
nivores may be susceptible to infection and disease,
although cases appear to be rare. There is a need for
further investigations into the aetiology of encephalitis
in red foxes from BoDV-1 endemic areas.
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Fazit fiir die Praxis:

Wir konnten molekularbiologisch keine Bornaviren in Gehirnen von Fiichsen nachweisen, und auch die
niedrige und wahrscheinlich unspezifische Seroreaktivitat I1asst eine allenfalls sehr geringe Pravalenz von
Bornavirusinfektionen in der Fuchspopulation vermuten. Bei Flichsen mit Enzephalomyelitiden ungeklarter
Atiologie sollte eine Bornavirusinfektion als mégliche Differentialdiagnose jedoch abgeklart werden. Aus unse-
ren Ergebnissen kann geschlussfolgert werden, dass das Risiko der Ubertragung von Bornaviren durch den
direkten Kontakt zu Fiichsen (z.B. bei der Jagd) in Osterreich gering ist. Dennoch sollte beachtet werden, dass
Bornaviren ein zoonotisches Potential haben und, solange der Ubertragungsweg der Infektion auf Menschen
ungeklart ist, Unsicherheiten in der Pravention der Infektion bleiben.

~

Conflict of interest statement
The authors declare no conflict of interest.

B References

Bexton S, Wiersma LC, Getu S, van Run PR, Verjans GM, Schipper
D, et al. Detection of Circovirus in Foxes with Meningoencephalitis,
United Kingdom, 2009-2013. Emerg Infect Dis. 2015;21:1205—
1208. DOI:10.3201/eid2107.150228

Billich C, Sauder C, Frank R, Herzog S, Bechter K, Takahashi K, et al.
High-avidity human serum antibodies recognizing linear epitopes
of Borna disease virus proteins. Biol Psychiatry. 2002;51:979-987.
DOI:10.1016/S0006-3223(02)01387-2

Bornand JV, Fatzer R, Melzer K, Jmaa DG, Caplazi P, Ehrensperger F.
Acase of Borna disease in a cat. Europe Vet Pathol. 1998;4:33-35.

8/10



witm

Bourg M, Nobach D, Herzog S, Lange-Herbst H, Nesseler A,
Hamann H-P, et al. Screening red foxes (Vulpes vulpes) for possi-
ble viral causes of encephalitis. Virol J. 2016;13:151. DOI:10.1186/
$12985-016-0608-1

Caplazi P, Ehrensperger F. Spontaneous Borna disease in sheep
and horses: immunophenotyping of inflammatory cells and
detection of MHC-I and MHC-II antigen expression in Borna en-
cephalitis lesions. Vet Immunol Immunopathol. 1998;61:203—-220.
DOI:10.1016/s0165-2427(97)00128-1

Danner L, Herzog S, Lendl C, Wittek T. Seroprevalence of Borna
disease virus antibodies in alpacas and llamas in Austria. Wien
Tierarztl Monat — Vet Med Austria. 2023;110:Doc4. DOI:10.5680/
wtm000018

Deplazes P, Hegglin D, Gloor S, Romig T. Wilderness in the city:
the urbanization of Echinococcus multilocularis. Trends Parasitol.
2004;20:77-84. DOI:10.1016/j.pt.2003.11.011

Diarrwald R, Kolodziejek J, Muluneh A, Herzog S, Nowotny N.
Epidemiological pattern of classical Borna disease and regional
genetic clustering of Borna disease viruses point towards the
existence of to-date unknown endemic reservoir host pop-
ulations. Microbes Infect. 2006;8:917-929. DOI:10.1016/j.
micinf.2005.08.013

Dirrwald R, Kolodziejek J, Weissenbdéck H, Nowotny N. The
Bicolored White-Toothed Shrew Crocidura leucodon (HERMANN
1780) Is an Indigenous Host of Mammalian Borna Disease Virus.
PL0S One. 2014;9:€93659. DOI:10.1371/journal.pone.0093659

Dirrwald R, Nowotny N, Beer M, Kuhn JH. Infections Caused by
Bornaviruses In: Douglas D. Richman DD, Whitley RJ, Hayden
FJ, editors. Clinical Virology. 4" ed. Washington DC: ASM Press;
2016. p. 1395-1407. DOI:10.1128/9781555819439.ch57

Ebinger A, Santos PD, Pfaff F, Durrwald R, Kolodziejek J, Schiottau
K, et al. Lethal Borna disease virus 1 infections of humans and
animals — in-depth molecular epidemiology and phylogeography.
Nat Commun. 2024;15:7908. DOI:10.1038/s41467-024-52192-x

Firstenau J, Richter MT, Erickson NA, GroBe R, Muller KE, Nobach
D, et al. Borna disease virus 1 infection in alpacas: Comparison of
pathological lesions and viral distribution to other dead-end hosts.
Vet Pathol. 2024;61(1):62—73. DOI:10.1177/03009858231185107

Gottstein B, Stojkovic M, Vuitton DA, Millon L, Marcinkute A, Deplazes
P. Threat of alveolar echinococcosis to public health - a challenge
for Europe. Trends Parasitol. 2015;31:407—-412. DOI:10.1016/j.
pt.2015.06.001

Grant M, Sameh Y. In: Maxie MG, editor. Jubb, Kennedy & Palmer's
Pathology of Domestic Animals. 5" ed. Philadelphia: Saunders
Ltd.;2007. p. 393-446.

Hoéche J, House RV, Heinrich A, Schliephake A, Albrecht K, Pfeffer
M, et al. Pathogen Screening for Possible Causes of Meningitis/
Encephalitis in Wild Carnivores From Saxony-Anhalt. Front Vet
Sci. 2022;7;9:826355. DOI:10.3389/fvets.2022.826355

Jacobsen B, Algermissen D, Schaudien D, Venner M, Herzog S,
Wentz E, et al. Borna Disease in an Adult Alpaca Stallion (Lama
pacos). J Comp Pathol. 2010;143:203-208. DOI:10.1016/j.
jcpa.2010.01.009

Kauhala K, Laukkanen P, von Rége |. Summer food composition and
food niche overlap of the raccoon dog, red fox and badger in Finland.
Ecography. 1998;21:457-463. DOI:10.1111/j.16000587.1998.
tb00436.x

Wiener Tierdrztliche Monatsschrift — VVeterinary Medicine Austria

PUBLISSGS:

111 (2024): doci2

Kidawa D, Kowalczyk R. The effects of sex, age, season and
habitat on diet of the red fox Vulpes vulpes in northeastern
Poland. Acta Theriol (Warsz.). 2011;56:209-218. DOI:10.1007/
$13364-011-0031-3

Kinnunen PM, Palva A, Vaheri A, Vapalahti O. Epidemiology and
host spectrum of Borna disease virus infections. J Gen Virol.
2013;94:247-262. DOI:10.1099/vir.0.046961-0

Kuhn JH, Dirrwald R, Bao Y, Briese T, Carbone K, Clawson AN, et
al. Taxonomic reorganization of the family Bornaviridae. Arch Virol.
2015;160:621-632. DOI:10.1007/s00705-014-2276-z

Lanszki J, Zalewski A, Horvath G. Comparison of Red Fox Vulpes
Vulpes and Pine Marten Martes Martes Food Habits in a
Deciduous Forest in Hungary. Wildlife Biol. 2007;13(3):258-271.
DOI:10.2981/0909-6396(2007)13[258:CORFVV]2.0.CO;2

Lebelt J, Hagenau K. Die Verteilung des Bornavirus in natirlich
infizierten Tieren mit klinischer Erkrankung [Distribution of Borna
disease virus in naturally infected animals with clinical disease].
Berl Munch Tierarztl Wochenschr. 1996;109(5):178-183.

Lempp C, Jungwirth N, Grilo ML, Reckendorf A, Ulrich A, van Neer
A, et al. Pathological findings in the red fox (Vulpes vulpes),
stone marten (Martes foina) and raccoon dog (Nyctereutes pro-
cyonoides), with special emphasis on infectious and zoonotic
agents in Northern Germany. PLoS One. 2017;12:e0175469.
DOI:10.1371/journal.pone.0175469

Matouch O. The rabies situation in Eastern Europe. Dev Biol (Basel).
2008;131:27-35.

Moreno A, Chiapponi C, Sozzi E, Morelli A, Silenzi V, Gobbi M,
et al. Detection of a gE-deleted Pseudorabies virus strain in an
Italian red fox. Vet Microbiol. 2020;244:108666. DOI:10.1016/.
vetmic.2020.108666

Niller HH, Angstwurm K, Rubbenstroth D, Schlottau K, Ebinger A,
Giese S, et al. Zoonotic spillover infections with Borna disease
virus 1 leading to fatal human encephalitis, 1999-2019: an epi-
demiological investigation. Lancet Infect Dis. 2020;20(4):467—-477.
DOI:10.1016/S1473-3099(19)30546-8

Nobach D, Bourg M, Herzog S, Lange-Herbst H, Encarnacao
JA, Eickmann M, et al. Shedding of infectious borna disease
virus-1 in living bicolored white-toothed shrews. PLoS One.
2015;10(8):e0137018. DOI:10.1371/journal.pone.0137018

Nowotny N, Kolodziejek J, Jehle CO, Suchy A, Staeheli P,
Schwemmle M. Isolation and characterization of a new sub-
type of Borna disease virus. J Virol. 2000;74(12):5655-5658.
DOI:10.1128/jvi.74.12.5655-5658.2000

Priestnall SL, Schoéniger S, Ivens PAS, Eickmann M, Brachthauser
L, Kehr K, et al. Borna disease virus infection of a horse in Great
Britain. Vet Rec. 2011;168:380-380. DOI:10.1136/vr.c6405

Schindler AR, Végtlin A, Hilbe M, Puorger M, Zlinszky K, Ackermann
M, et al. Reverse transcription real-time PCR assays for detection
and quantification of Borna disease virus in diseased hosts. Mol
Cell Probes. 2007;21:47-55. DOI:10.1016/j.mcp.2006.08.001

Schlottau K, Forth L, Angstwurm K, Héper D, Zecher D, Liesche F,
et al. Fatal Encephalitic Borna Disease Virus 1 in Solid-Organ
Transplant Recipients. N Engl J Med. 2018;379:1377-1379.
DOI:10.1056/NEJMc1803115

Schulze V, GroBe R, Furstenau J, Forth LF, Ebinger A, Richter MT,
et al. Borna disease outbreak with high mortality in an alpaca herd
in a previously unreported endemic area in Germany. Transbound
Emerg Dis. 2020;67:2093-2107. DOI:10.1111/tbed.13556

9/10



witm

Schwemmle M, Billich C. The use of peptide arrays for the
characterization of monospecific antibody repertoires from
polyclonal sera of psychiatric patients suspected of infec-
tion by Borna Disease Virus. Mol Divers. 2004;8:247-250.
DOI:10.1023/B:MODI.0000036244.57859.76

Spitzenberger F. Die Saugetierfauna Osterreichs - Griine Reihe des
Bundesministeriums fur Land- und Forstwirtschaft, Umwelt und
Wasserwirtschaft. Band 13. 2001; p. 145—-149.

Staeheli P, Sauder C, Hausmann J, Ehrensperger F, Schwemmle M.
Epidemiology of Borna disease virus. J Gen Virol. 2000;81:2123—
2135. DOI:10.1099/0022-1317-81-9-2123

Statistik Austria. Hunting statistic, hunting year 2021/22. 2022 [cited
2024 Sep 13]. Available from: https://www.statistik.at/fileadmin/
publications/SB_1-11_Jagdstatistik_2021_2022.pdf

Stitz L, Bilzer T, Planz O. The immunopathogenesis of Borna disease
virus infection. Front Biosci. 2002;7:541-555. DOI:10.2741/A793

Toussaint JF, Sailleau C, Breard E, Zientara S, De Clercq K.
Bluetongue virus detection by two real-time RT-qPCRs targeting
two different genomic segments. J Virol Methods. 2007;140:115-
123. DOI:10.1016/j.jviromet.2006.11.007

Verin R, Mugnaini L, Nardoni S, Papini RA, Ariti G, Poli A, et al.
Serologic, molecular, and pathologic survey of Toxoplasma gondii

Wiener Tierdrztliche Monatsschrift — \Veterinary Medicine Austria

111 (2024): doci2 pupLissasT

infection in free-ranging red foxes (Vulpes vulpes) in central ltaly. J
Wildl Dis. 2013;49:545-551. DOI:10.7589/2011-07-204

Walker D, Abbondati E, Cox AL, Mitchell GBB, Pizzi R, Sharp CP,
et al. Infectious canine hepatitis in red foxes (Vulpes vulpes) in
wildlife rescue centres in the UK. Vet Rec. 2016;178:421-421.
DOI:10.1136/vr.103559

Weissenbdck H, Bagd Z, Kolodziejek J, Hager B, Palmetzhofer G,
Durrwald R, et al. Infections of horses and shrews with Bornaviruses
in Upper Austria: a novel endemic area of Borna disease. Emerg
Microbes Infect. 2017;6:1-9. DOI:10.1038/emi.2017.36

Weissenbdck H, Nowotny N, Caplazi P, Kolodziejek J, Ehrensperger
F. Borna disease in a dog with lethal meningoencepha-
lits. J Clin Microbiol. 1998;36:2127-2130. DOI:10.1128/
jcm.36.7.2127-2130.1998

Weissenbéck H, Suchy A, Caplazi P, Herzog S, Nowotny N.
Borna disease in Austrian horses. Vet Rec. 1998;143:21-22.
DOI:10.1136/vr.143.1.21

Zimmermann V, Rinder M, Kaspers B, Staeheli P, Rubbenstroth D.
Impact of antigenic diversity on laboratory diagnosis of Avian bor-
navirus infections in birds. J Vet Diagn Invest. 2014;26:769-777.
DOI:10.1177/1040638714547258

Please cite as:

Schrott J, Rubbenstroth D, Bag6 D, Revilla-Fernandez S,
Glawischnig W. Survey of Borna disease virus infection in red
foxes (Vulpes vulpes) in Austria. Wien Tierarztl Monat — Vet Med
Austria. 2024;111:Doc12. DOI:10.5680/wtm000039

Copyright ©2024 Schrott et al. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution 4.0
License. See license information at https://creativecommons.org/
licenses/by/4.0/

10/10



