%‘ Zentrale Kommission

™ fir die Biologische Sicherheit

Ref. 45242.0165 updated February 2024

Recommendation of the ZKBS
on the risk assessment of Orthobornavirus bornaense

as donor and recipient organism according to § 5 (1) GenTSV

General

Orthobornavirus bornaense (formerly Mammalian 1 orthobornavirus, Borna disease virus,
BoDV) is an enveloped virus of the family Bornaviridae (genus Orthobornavirus) that has a
non-segmented RNA genome of negative polarity. Based on the similarity of the genome se-
quences, two subtypes are distinguished, with field isolates almost exclusively assigned to
subtype 1 (BoDV-1) so far [1].

In 2010, it was shown that several cDNA copies of genes from BoDV-like viruses are integrated
into the genome of humans and a variety of other mammals, as well as into that of reptiles, fish,
spiders and insects [2, 3]. In humans, seven copies of the nucleoprotein (N) gene and one copy
of the glycoprotein (G) gene are present as stand-alone or fusion genes. At least two of these
so-called endogenous borna-like elements (EBL) are expressed as functional proteins in hu-
mans (hsEBLN-1 and hsEBLN-2) [4]. Both proteins have a 41% sequence identity with BoDV N
[2]. Their function is currently unclear. It has been shown that they interact directly with various
cellular proteins and influence the expression of other proteins. Based on this finding, a pro-tu-
mour effect of hsEBLN-1 and an anti-tumour effect of hsEBLN-2 are assumed [5]. In addition,
regulatory, non-coding RNA molecules (piRNA or IncRNA) are transcribed by human EBLs [4].

Infection experiments in human and canine cell cultures and mice have shown that BoDV
genes can also integrate into the genome of the host cell in an undirected manner. This is made
possible by the persistent, non-lytic replication of the virus in the host cell nucleus and is prob-
ably mediated in humans by the reverse transcriptase of the endogenous retrotransposon long
interspersed nuclear element 1 (LINE-1) [2, 3]. Although the integration efficiency is lower than
that of retroviruses [3], insertion mutagenesis cannot be ruled out in principle upon infection
with BoDV.

BoDV is the pathogen that causes Borna disease in horses and sheep. This disease, which
was first described in the 17th century, has so far only occurred in parts of Germany, mainly in
the southern and eastern federal states, parts of Austria and Switzerland, and in Liechtenstein
[6]. In addition, viral RNA and antibodies reactive to BoDV have also been detected in animal
and human samples from other regions. Various working groups postulate a global distribution
[1]. In addition to horses and sheep, donkeys, cattle, llamas, alpacas, goats, dogs, cats, rab-
bits, bicoloured shrews, bank voles and humans can also become infected with BoDV. How-
ever, except in horses and sheep, the incidence of infection is very low. Experimentally, mon-
keys, chickens and various rodents can also be infected intranasally, intracranially, intramus-
cularly, intradermally, subcutaneously and, with low efficiency, intravenously [7]. The only
reservoir host confirmed to date is the bicoloured shrew (Crocidura leucodon), which can be-
come asymptomatically and persistently infected [8, 9]. In addition, the bank vole (Myodes
glareolus) is also being discussed as a reservoir [6, 7]. In the bicoloured shrew, the virus can
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infect many different tissue types [10]. In other hosts, it is usually neurotropic, initially replicat-
ing within the neurons at the site of entry and then spreading along the nerve pathways to the
brain. A natural BoDV infection therefore presumably occurs via the olfactory route [6]. The cel-
lular receptor is still unknown [3]. Direct transmission of the virus between farm animals or
between farm animals and humans has not yet been described. It is also unclear whether the
animals mentioned shed infectious virus particles. Virus particles have only rarely been detec-
ted in body fluids of symptomatic horses [7]. In contrast, it is suspected that the bicoloured
shrew can shed the virus via urine, saliva and faeces, which thus serve as sources of infection.
Experimentally infected house mice and rats can also transmit the virus to other laboratory an-
imals of the same species. In rats, this occurs horizontally via urine, but in house mice it is
transmitted vertically to offspring [7].

In studies on the prevalence of antibodies, 12% of horses tested in endemic areas in Germany
(southern and eastern federal states) were seropositive. Outside these areas, however, the
seroprevalence was also 12% [11]. Due to possible cross-reactivity of the antibodies, no state-
ment can be made regarding the incidence of infections. Furthermore, in another study, anti-
bodies were detected in only 30 to 40% of animals that were proven to be infected. Sympto-
matic disease occurs in 20% of seropositive horses and in less than 40% of seropositive sheep
[7]. Overall, there are fewer than 100 cases per year in the endemic region [1, 7]. Unlike other
hosts, bicoloured shrews are frequently seropositive (10 to 67% of bicoloured shrews ex-
amined at the respective locations in the BoDV endemic region) [8, 9, 12—-20].

In horses, the incubation period of the virus is four weeks to three months. This is followed by
initial non-specific symptoms such as fever, loss of appetite and depression, and finally move-
ment disorders, paralysis and acute encephalitis. 80% of infected horses eventually die 1 to 4
weeks after the onset of symptoms. In non-fatal infections, permanent behavioural disorders
and/or blindness often occur [6, 7]. The symptoms are probably not caused by the virus itself,
but by the immune system's response and associated brain damage [21]. In addition to acute
cases, 10% of cases develop into a chronic infection with recurring symptoms. Sheep show
similar symptoms with a mortality rate of 50% after symptomatic infection [6, 7].

In humans, BoDV infection was initially associated with various psychiatric disorders, such as
schizophrenia and depression. However, this link has not been confirmed due to differing study
results [22, 23]. Since 2018, a total of almost 50 (as of the end of 2023) cases of meningoen-
cephalitis caused by BoDV-1 have been reported in Germany over the last 30 years, most of
which were fatal [12, 15-20]. The three surviving patients described have lost their sight, re-
quire in-patient care or suffer from severe cognitive and psychological impairments [15, 18, 24].
The infections occurred after organ transplantation (three patients who had received a kidney
or liver from the same donor) or without any known external cause. Some of the infections were
discovered during retrospective examination of samples from fatal cases of encephalitis of un-
known cause. No underlying immunosuppression is known for the majority of patients [25].

Symptoms of human infection include fever, headache, cognitive impairment and worsening
neurological symptoms such as unsteady gait, convulsions, memory loss and coma, which
usually lead to death [17]. Symptoms of Guillain-Barré syndrome may also occur [26].

Extensive serological tests were conducted to investigate the human pathogenic potential of
BoDV-1. An analysis of 1,109 serum samples from veterinarians and blood donors revealed
one positive sample from a veterinarian. The veterinarian had indicated in the questionnaire
that he had experienced joint pain [27], but did not report any other symptoms of disease. Fur-
ther follow-up was not possible because the questionnaire had been completed anonymously.
In another study, 216 serum samples from blood donors and 280 serum samples from trans-
plant recipients from the endemic area tested negative for antibodies against BoDV-1. In the
same study with 288 serum and plasma samples from encephalitis patients from the endemic
area with suspected infection with Orthoflavivirus encephalitidis (Tick-borne encephalitis virus),
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one sample was positive. BoDV-1 RNA was subsequently detected in the patient's
cerebrospinal fluid [28]. All serum samples from residents of a village where two independent
cases of BoDV-1 had previously occurred were negative (43% of the village residents had been
tested) [12]. However, tests for antibodies against BoDV-1 in serum samples and
cerebrospinal fluid samples often turn positive only late in the clinical course of the disease
[17]. Bornavirus RNA was detected only in meningoencephalitis patients and only in brain tis-
sue, peripheral nerve tissue and cerebrospinal fluid. Serum samples were negative [17].

Except in isolated cases, antibodies against BoDV-1 or BoDV-1 RNA are therefore only detect-
able in patients with meningoencephalitis. One possible explanation is that mild BoDV-1 infec-
tions that are asymptomatic or subclinical are extremely rare in humans. Another explanation is
that mild cases do occur but cannot be detected by seroprevalence studies because the avail-
able methods detect antibodies against BoDV-1 only late in the clinical course (median 32 days
after hospitalisation [29]).

The route of transmission of the virus is unknown except in cases of transplant recipients.
Household members of patients with BoDV-1 infections or persons in contact with BoDV-1-in-
fected farm animals were always asymptomatic and seronegative, with the exception of the
positive sample from the veterinarian, in whom the source of infection is unclear, so that hu-
man-to-human transmission or transmission from farm animals to humans is not to be expec-
ted [20, 29-31]. Risk factors for BoDV-1 infection include living in rural areas or on the outskirts
of towns [17, 32]. It is assumed that infection occurs through contact with excretions from infec-
ted bicoloured shrews, whereby the virus is initially taken up via the respiratory tract, infects the
olfactory nerve and then spreads to the brain [30, 33]. Although BoDV-1 has been handled in
German research and diagnostic laboratories for decades, no laboratory-associated infections
have been reported to date. Even documented laboratory accidents such as needle stick or cut
injuries while handling BoDV-1-contaminated sample material or exposure of the skin to
cerebrospinal fluid from a BoDV-1-infected person did not lead to seroconversion or disease in
laboratory personnel [34].

There is currently no approved vaccine or proven treatment with antiviral agents against BoDV.
Ribavirin and favipiravir have been shown to be effective against bornaviruses, including
BoDV-1, in cell culture and animal experiments [35—-37] and have also been used in the treat-
ment of BoDV-1 infections, but they were unable to prevent the death of patients or the onset of
serious long-term effects [24, 30]. In the 1920s, an inactivated vaccine for horses and sheep
was developed in Germany, which was replaced by various attenuated live vaccines from 1947
onwards. Attenuated live vaccines were used in West Germany until 1978 and in East Ger-
many until 1992. However, the efficacy of these vaccines has never been proven. In 1992, the
licence for the last vaccine expired. Since then, there has been no increase in the incidence of
Borna disease [1].

The notification requirement for Bornavirus infections in animals was abolished in 2011. How-
ever, since 2020, Bornavirus infections in animals and humans are once again notifiable (Or-
dinance on Notifiable Animal Diseases and § 7 of the German Infection Protection Act).

To date, BoDV has been classified as a donor and recipient organism for genetic engineering
operations in risk group 2.

In the "Technical Rules for Biological Agents 462: Classification of Viruses", BoDV is also as-
signed to risk group 2.
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Recommendation

According to § 5 (1) GenTSV in conjunction with the criteria in Annex 1 GenTSV, Or-
thobornavirus bornaense continues to be assigned to risk group 2 as a donor and recipient
organism for genetic engineering operations.

Small mammals infected with BoDV must always be kept in individually ventilated cages (IVCs)
to prevent aerogenic transmission of the virus. In addition, cage changing stations must be
used for cage swapping of experimental animals.

Reasoning

According to current knowledge, BoDV can in rare cases also cause severe encephalitis in
humans, which can lead to death even in immunocompetent individuals. No reliable statement
can be made about the mortality rate in humans at present, as it cannot be ruled out that there
are undetected asymptomatic or subclinical infections. In addition, the exact route of transmis-
sion to humans is still unknown, although there are indications that the infection is transmitted
via the olfactory route. According to current knowledge, there is no human-to-human transmis-
sion. Many years of experience in handling BoDV in laboratories show that the current level 2
safety measures are sufficient to counteract the risk of BoDV infection.

Literature

1. Diirrwald R, Kolodziejek J, Muluneh A, Herzog S, Nowotny N (2006). 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 populations. Microbes Infect 8(3):917-29.

2. Horie M, Honda T, Suzuki Y, Kobayashi Y, Daito T, Oshida T, lkuta K, Jern P, Gojobori T, Cof
fin JM, Tomonaga K (2010). Endogenous non-retroviral RNA virus elements in mammalian
genomes. Nature 463(7277):84—7.

3. Horie M, Kobayashi Y, Suzuki Y, Tomonaga K (2013). Comprehensive analysis of endogenous
bornavirus-like elements in eukaryote genomes. Philos Trans R Soc Lond B Biol Sci
368(1626):20120499.

4. Horie M (2017). The biological significance of bornavirus-derived genes in mammals. Curr Opin
Virol 25:1-6.

5. Honda T (2017). Potential Links between Hepadnavirus and Bornavirus Sequences in the Host
Genome and Cancer. Front Microbiol 8:2537.

6. Tizardl, Ball J, Stoica G, Payne S (2016). The pathogenesis of bornaviral diseases in mammals.
Anim Health Res Rev 17(2):92-109.

7. Kinnunen PM, Palva A, Vaheri A, Vapalahti O (2013). Epidemiology and host spectrum of Borna
disease virus infections. J Gen Virol 94 (Pt 2):247-62.

8. Nobach D, Bourg M, Herzog S, Lange-Herbst H, Encarnagao JA, Eickmann M, Herden C
(2015). PLoS One 10(8):e0137018.

9. Dirrwald R, Kolodziejek J, Weissenbéck H, Nowotny N (2014). The bicoloured white-toothed
shrew Crocidura leucodon (HERMANN 1780) is an indigenous host of mammalian Borna disease
virus. PLoS One 9 (4):€93659.

10. Puorger ME, Hilbe M, Miiller J-P, Kolodziejek J, Nowotny N, Zlinszky K, Ehrensperger F
(2010). Crocidura leucodon, supporting their role as reservoir host species. Vet Pathol 47(2):236—
44,

11. Staeheli P, Sauder C, Hausmann J, Ehrensperger F, Schwemmle M (2000). Epidemiology of
Borna disease virus. J Gen Virol 81(Pt 9):2123-35.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

Béhmer M, Haring VC, Schmidt B, Saller FS, Coyer L, Chitimia-Dobler L, Dobler G, Tappe D,
Bonakdar A, Ebinger A, Knoll G, Eidenschink L, Rohrhofer A, Niller HH, Katz K, Beer M, Ul -
rich RG, Rubbenstroth D, Bauswein M. One Health in Action: Investigation of the First Detected
Local Cluster of Fatal Borna Disease Virus 1 (BoDV-1) Encephalitis, Germany 2022. SSRN Pre-
print. doi:10.2139/ssrn.4584078.

Bourg M, Herzog S, Encarnagdo JA, Nobach D, Lange-Herbst H, Eickmann M, Herden C
(2013). Emerg Infect Dis 19(12):2064—6.

Weissenbock H, Bago Z, Kolodziejek J, Hager B, Palmetzhofer G, Diirrwald R, Nowotny N
(2017). Infections of horses and shrews with Bornaviruses in Upper Austria: a novel endemic area
of Borna disease. Emerg Microbes Infect 6(6):e52.

Schlottau K, Forth L, Angstwurm K, Héper D, Zecher D, Liesche F, Hoffmann B, Kegel V, See
hofer D, Platen S, Salzberger B, Liebert UG, Niller H-H, Schmidt B, Matiasek K, Riemen-
schneider MJ, Brochhausen C, Banas B, Renders L, Moog P, Wunderlich S, Seifert CL, Bar-
reiros A, Rahmel A, Weiss J, Tappe D, Herden C, Schmidt-Chanasit J, Schwemmle M,
Rubbenstroth D, Schlegel J, Pietsch C, Hoffmann D, Jantsch J, Beer M (2018). Fatal En-
cephalitic Borna Disease Virus 1 in Solid-Organ Transplant Recipients. N Engl J Med
379(14):1377-9.

Korn K, Coras R, Bobinger T, Herzog SM, Liicking H, Stohr R, Huttner HB, Hartmann A, En-
sser A (2018). Fatal Encephalitis Associated with Borna Disease Virus 1. N Engl J Med
379(14):1375-7.

Niller K, Rubbenstroth D, Schiottau K, Ebinger A, Giese S, Wunderlich S, Banas B, Forth LF,
Hoffmann D, Hoper D, Schwemmle M, Tappe D, Schmidt-Chanasit J, Nobach D, Herden C,
Brochhausen C, Velez-Char N, Mamilos A, Utpatel K, Evert M, Zoubaa S, Riemenschneider
MJ, Ruf V, Herms J, Rieder G, Errath M, Matiasek K, Schlegel J, Liesche-Starnecker F, Neu-
mann B, Fuchs K, Linker RA, Salzberger B, Freilinger T, Gartner L, Wenzel JJ, Reischl U, Jilg
W, Gessner A, Jantsch J, M, Schmidt B (2020). Zoonotic spillover infections with Borna disease
virus 1 leading to fatal human encephalitis, 1999-2019: an epidemiological investigation. Lancet
Infect Dis 20(4):467-77.

Frank C, Wickel J, Bramer D, Matschke J, Ibe R, Gazivoda C, Giinther A, Hartmann C, Rehn
K, Cadar D, Mayer TE, Portner K, Wilking H, Schmidt-Chanasit J, Tappe D (2022). Human
Borna disease virus 1 (BoDV-1) encephalitis cases in the north and east of Germany. Emerg Mi-
crobes Infect 11(1):6-13.

Eisermann D, Cadar D, Thomé-Bolduan C, Eggert P, Schlaphof A, Leypoldt F, Stangel M,
Fortwangler T, Hoffmann F, Osterman A, Zange S, Niller H-H, Angstwurm K, Portner K, Frank
C, Wilking H, Beer M, Schmidt-Chanasit J, Tappe D (2021). Active Case Finding of Current Bor-
navirus Infections in Human Encephalitis Cases of Unknown Etiology, Germany, 2018-2020.
Emerg Infect Dis 27(5):1371-9.

Tappe K, Frank C, Wilking H, Ebinger A, Herden C, Schulze C, Muntau B, Eggert P, Allartz P,
Schuldt G, Schmidt-Chanasit J, Beer M, Rubbenstroth D (2021). Investigation of fatal human

Borna disease virus 1 encephalitis outside the previously known area for human cases, Branden-

burg, Germany — a case report. BMC Infect Dis 21(1):787.

Staeheli P (2002). Bornaviruses. Virus Res 82(1-2):55-9.

Schwemmle M (2001). Borna disease virus infection in psychiatric patients: are we on the right
track? Lancet Infect Dis 1(1):46-52.

Lipkin WI, Briese T, Hornig M (2011). Borna disease virus - fact and fantasy. Virus Res 162(1-
2):162-72.

Meyer T, Tappe D, Hasan D, Rust M, Schulz JB, Schiefer J, Tauber SC (2022). "Borna disease
virus 1" (BoDV-1) encephalitis in an 18-year-old outside the previously known endemic area. DG
Neurology 5(4):300—4.

Portner K, Frank C, Schmidt-Chanasit J, Beer M, Rubbenstroth D, Tappe D (2019). High mor-
tality due to fulminant meningoencephalitis. Dtsch Arztebl 116(50):A2350-A2354.

Coras R, Korn K, Kuerten S, Huttner HB, Ensser A (2019). Severe bornavirus encephalitis pre-
senting as Guillain-Barré syndrome. Acta Neuropathol 137(6):1017-9.



27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

Tappe D, Frank C, Offergeld R, Wagner-Wiening C, Stark K, Rubbenstroth D, Giese S, Latt-
wein E, Schwemmle M, Beer M, Schmidt-Chanasit J, Wilking H (2019). Sci Rep 9(1):1-6.

Bauswein L, Knoll G, Neumann B, Angstwurm K, Zoubaa S, Riemenschneider MJ, Lampl
BMJ, Pregler M, Niller HH, Jantsch J, Gessner A, Eberhardt Y, Huppertz G, Schramm T, Kiihn
S, Koller M, Drasch T, Ehrl Y, Banas B, Offner R, Schmidt B, Banas MC (2023). Human Infec-
tions with Borna Disease Virus 1 (BoDV-1) Primarily Lead to Severe Encephalitis: Further Evidence
from the Seroepidemiological BoSOT Study in an Endemic Region in Southern Germany. Viruses
15(1):188.

Allartz P, Hotop S-K, Muntau B, Schlaphof A, Thomé-Bolduan C, Gabriel M, Petersen N,
Lintzel M, Behrens C, Eggert P, Portner K, Steiner J, Bronstrup M, Tappe D (2024). Detection
of bornavirus-reactive antibodies and BoDV-1 RNA only in encephalitis patients from virus endemic
areas: a comparative serological and molecular sensitivity, specificity, predictive value, and dis-
ease duration correlation study. Infection 52(1):59-71.

Large L, Lieftiichter V, Volimuth Y, Hoffmann F, Olivieri M, Reiter K, Tacke M, Heinen F,
Borggraefe I, Osterman A, Forstner M, Hiibner J, Both U von, Birzele L, Rohlfs M, Schom-
burg A, Béhmer MM, Ruf V, Cadar D, Muntau B, Portner K, Tappe D (2023). First detected geo-
graphical cluster of BoDV-1 encephalitis from same small village in two children: therapeutic con-
siderations and epidemiological implications. Infection 51(5):1383-98.

Schulze V, GroRe R, Fiirstenau J, Forth LF, Ebinger A, Richter MT, Tappe D, Mertsch T, Klose
K, Schlottau K, Hoffmann B, Hoper D, Mundhenk L, Ulrich RG, Beer M, Miiller K-E, Rubben-
stroth D (2020). Transbound Emerg Dis 67(5):2093—107.

Portner K, Wilking H, Frank C, Bohmer MM, Stark K, Tappe D (2023). Emerg Microbes Infect
12(1):e2174778.

Kupke A, Becker S, Wewetzer K, Ahlemeyer B, Eickmann M, Herden C (2019). Int J Mol Sci
20(6):1318.

Reinmiedl J, Schulz H, Ruf VC, Hernandez Petzsche MR, Rissland J, Tappe D (2022). J Occup
Med Toxicol 17(1):13.

Mizutani T, Inagaki H, Araki K, Kariwa H, Arikawa J, Takashima | (1998). Inhibition of Borna
disease virus replication by ribavirin in persistently infected cells. Arch Virol 143(10):2039-44.
Jordan |, Briese T, Averett DR, Lipkin WI (1999). Inhibition of Borna disease virus replication by
ribavirin. J Virol 73(9):7903-6.

Reuter A, Horie M, Hoper D, Ohnemus A, Narr A, Rinder M, Beer M, Staeheli P, Rubbenstroth
D (2016). Synergistic antiviral activity of ribavirin and interferon-a against parrot bornaviruses in
avian cells. J Gen Virol 97(9):2096-103.



	General
	Recommendation
	Reasoning
	Literature

