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Abstract

Background
The �rst case of fatal Borna Virus-1 encephalitis (BoDV-1) was reported in 2018. Here, we report another fatal case
of BoDV-1 encephalitis with early severe hyponatremia, indicative of neurohypophysial dysfunction.

Case presentation:
A 77-year-old female living in southern Germany was admitted to hospital in 2020 due to rapidly progressing word-
�nding di�culties, personality changes, global disorientation, diffuse cognitive slowness, and gait ataxia, initially
without fever. After a rapid deterioration with fever, gait instability and ataxia, rapid cognitive decline, meningism,
epileptic seizures, aphasia, and signs of latent right hemiparesis, the suspicion of a (meningo-)encephalitis was set.
Furthermore, an unexplained, severe hyponatremia had been present since admission. Laboratory workup in
cerebrovascular �uid (CSF) and serum as well as brain imaging was negative. Despite extensive empirical antiviral,
antimicrobial, and immunosuppressive treatment efforts, the patient fell into coma (day 5), lost all brainstem
functions (day 18), and remained fully dependent on invasive mechanical ventilation. Finally, she clinically
developed a status of brain death and died 42 days after initial admission. Brain autopsy con�rmed an extensive,
diffuse, and severe affection of neocortical, subcortical and cerebellar structures as well as the neurohypophysis
due to infection with BoDV-1. In light of the autopsy results, the hyponatremia could imply an early basal brain
involvement, which could narrow down the initial differential diagnosis.

Conclusion
The diagnosis of BoDV-1 encephalitis remains clinically challenging. The disease progresses quickly to irreversible
brain damage. An early, unexplained, hyponatremia in the presence of severe and rapidly evolving encephalitis may
narrow down the diagnosis.

Introduction
Since the �rst reports of fatal Borna Virus-1 (BoDV-1) encephalitis in 2018 [1, 2], the number of such cases is
gradually increasing to a few per year. Clinical suspicion and diagnosis remain challenging because the disease
symptoms are usually diffuse, while the disease rapidly progresses to irreversible and (usually) fatal brain damage.
In such cases, a negative extended diagnostic panel of common viral, autoimmune, or paraneoplastic etiologies [3–
6] usually leads to the diagnosis of an "encephalitis of unknown etiology" [6]. However, as the mortality of BoDV-1
encephalitis reaches 95–100%, any clinical sign or laboratory test that facilitates its early diagnosis is desirable to
support early treatment efforts.

Here, we report a fatal case of BoDV-1 encephalitis with rapidly progressive and severe basal brain and brainstem
failure. The clinical picture was accompanied by an, early, unexplained, treatment-resistant, hyponatremia. Based
on the autopsy results and a critical review of all reported cases, we suggest a potential diagnostic algorithm to
promote a prompt diagnosis of BoDV-1.

Case Presentation
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A 77-year-old female living in southern Germany developed in May 2020 nausea, vomiting, and �u-like symptoms
for 3 days. Within the following 2 days she developed neurological symptoms, with onset of word-�nding
di�culties, gait ataxia, global disorientation, personality changes, and diffuse cognitive slowness. She was
admitted to the hospital 5 days after her �rst symptoms. Her previous neurological status had been normal for her
age.

On admission, the neurological examination (day 0) displayed a disoriented patient with cognitive slowness,
unspeci�c personality changes, mild word-�nding de�cits, and diffuse cerebellar symptoms (mild gait-ataxia and
dysmetria, saccadic eye pursuit). Peripheral systems were intact. The acute brain CT-scan (with CT-angiography)
was normal. Chest CT scan was also unremarkable. On day 2 after admission, an MRI-scan of the brain showed
preexisting microangiopathic alterations, without signs of encephalitis or an acute vascular event. Blood chemistry
at this stage revealed mild leukocytosis (up to 11300/µl) along with severe and unexplained hyponatremia
(121mmol/l). The electroencephalogram (EEG) on day 2 showed a theta-slowing without any sign of epileptic
activity or triphasic waves. The lumbar puncture found a clear cerebrospinal �uid (CSF) with relatively mild
pleocytosis (8 cells/µl), elevated protein (62mg/dl), mildly elevated lactate (3.0mmol/l), and signs of mild blood-
brain-barrier (BBB) -leakage without signs of intrathecal IgG production, cumulatively indicative of a non-bacterial
in�ammatory process. A viral encephalitis was suspected and a corresponding CSF-diagnostic panel was ordered
[6].

A therapy with aciclovir, levetiracetam, and methylprednisolone was empirically initiated until availability of the CSF
results, yet without any treatment success. Hyponatremia was appropriately substituted, but did not return to
normal levels. On day 3, the patient further deteriorated with development of fever, aggravated gait-ataxia,
deterioration of cognitive functions (somnolence), meningism, epileptic seizures, global aphasia, and signs of latent
right hemiparesis. She now ful�lled the criteria for con�rmed encephalitis[6]. Due to further development of
tachypnea, hypoxia, and lactate, she was admitted to the intensive care unit (ICU).

At that stage, the clinical and laboratory data supported a rapidly progressive (meningo-) encephalitis of yet
unknown etiology, that manifested as a diffuse cortical process with additional diencephalic, brainstem, and
cerebellar insult (severe hyponatremia, saccadic movement disorder, ataxia).

On day 5, the patient became comatose and was intubated for ventilator support. All repeatedly performed chest-
and brain-CT scans remained unremarkable. The brain MRI scan on day 12 (Fig. 1-b1) revealed an atypical insular
signal enhancement on the FLAIR sequence and discrete punctuate contrast-agent enhancement in the frontal and
temporal lobes without corresponding correlates in FLAIR sequences. Remarkably, the patient remained comatose
despite complete cessation of any analgosedation, showing rapidly progressive loss of cranial nerve and brainstem
functions by day 14. Her hyponatremia also persisted.

On day 18, while being still comatose and dependent on invasive mechanical ventilation, the patient had a
complete absence of brainstem re�exes (pupillary, corneal, ciliar, and pharyngeal/laryngeal brainstem re�exes). The
EEG continued to deteriorate, showing a generalized theta-delta rhythm with spontaneous Burst-Suppression on day
21 (Fig. 1). Due to irresponsiveness to prior treatments, a quadruple anti-tuberculosis antibiotic regime was also
empirically initiated but also proved ineffective.

An extensive diagnostic panel was repeated [6–8]. Any potential viral or bacterial causes were excluded by
laboratory testing (PCR or IgM/IgG serology in serum and/or CSF). Paraneoplastic markers and anti-neuronal
antibodies were also negative. Autoimmune etiologies, vasculitis, acute demyelinating pathology, degenerative
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processes (e.g. sporadic Creutzfeldt-Jacob disease), or an epileptic cause of the symptoms (e.g. a possible non-
convulsive status epilepticus or epileptic discharges with postictal phenotype) were also excluded. SARS-CoV2 PCR
was repeatedly negative. Rare causes of severe encephalitis (Japanese encephalitis, Dengue encephalitis, or West-
Nile encephalitis) were clinically, radiologically, or epidemiologically also excluded [9].

Repeated CSF diagnostics on days 20 and 33 showed further increase in total protein levels (113 and 142mg/dl),
IgG intrathecal production (99 and 315mg/dl), and lactate (5.3 and 6.1 mmol/L), as well as increasing
lymphocytosis (40 and 110 leucocytes/ul), indicative of an unknown encephalitis unresponsive to previous
treatment efforts. Increased CXCL13 indicated an unspeci�c intrathecal B cell-related immune activation.

On day 27 we additionally veri�ed the loss of brainstem respiratory center function in our patient. Subsequently, the
patient remained dependent on controlled invasive mechanical ventilation thereafter. The MRI brain scan performed
on day 28 (Fig. 1-b2) did not correlate with the severity of her clinical status, showing only minimal increases in
FLAIR-intensities compared to previous scans, some new punctual or diffuse gadolinium enhancement, and a
diffuse increase of T2* signal in basal ganglia probably attributed to normal aging. Eventually, the EEG on day 41
showed a complete absence of electroencephalographic activity, indicating hemispheric death. A further
continuation of critical care treatment deemed to be futile, and after discussions with her family, the patient died 42
days after admission.

The family provided informed consent for a diagnostic autopsy. Here, a BoDV-1 infection was revealed both by
immunohistopathology and real-time PCR as the cause of the fatal encephalitis. Sequence analysis of the virus
genome identi�ed it within cluster 1A, phylogenetic similar to those isolated from the southeast area of Bavaria in
other cases. The BoDV-1 antigens and related pathology were diffuse and severe in neocortical, subcortical,
cerebellar and neurohypophysial areas (Fig. 2). Retrospectively, these lesions explained the presenting symptoms of
the patient, namely cortical and subcortical de�cits (aphasic disturbances, hemiparesis, confusion), cerebellar
ataxia and the unexplained severe hyponatremia, the latter possibly attributed to the affected neurohypophysis and
hypothalamus [10].

In light of the diagnosis, the patient´s family recalled a possible wild-animal attack on the patient´s domestic
chickens a few days before the onset of symptoms, as a potential origin of infection with BoDV-1.

Discussion
We report a fatal case of BoDv-1 encephalitis in a 77year-old habitant of southern Germany, presented as rapidly
progressive diencephalic and brainstem failure, leading to brain death. After reviewing all reported cases so far, we
propose a potential diagnostic algorithm where hyponatremia early in the disease may narrow-down the differential
diagnosis.

BoDV-1 infection is a potentially lethal zoonosis in endemic regions with reported spillover infections in horses,
alpacas, and sheep [11, 12]. The only de�nite currently known natural host of BoDV-1 is the bicolored white-toothed
shrew (Crocidura leucodon), which does not develop any symptoms but excretes the virus via urine and faeces
[13]. Despite previous discrepancies regarding its transmission or disease severity in humans, it is now certain –
since the �rst documented cases in 2018 [1, 2] - that BoDV-1 can cause fatal encephalitis in both immune-
compromised and healthy humans. The main hypothesis is that infections occur via uptake of contaminated virus-
containing particles via the olfactory route [11]. Studies indicate that the virus replicates �rst in neurons and then in
astrocytes, but not microglia [14]. The virus induces an increasing pro-in�ammatory immune activation during
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BoDV-1 encephalitis[14], either as part of the host´s normal immune reaction or as a dysbalanced pro-in�ammatory
state, with lymphocytic-mediated (preferably CD8+) degeneration of the brain[15]. Previous single reports on a
theoretical BoDV-1 involvement for psychiatric symptoms in non-symptomatic carriers [16, 17] should be interpreted
very cautiously, as they were not independently validated, failed in interlaboratory comparisons or could be the
result of result of a laboratory contamination [13, 18]. 

A diagnosis of BoDV-1 encephalitis can now be de�ned based on recently proposed criteria [19]. Along with that, we
propose a diagnostic algorithm that may increase the suspicion of the disease (Figure 3). About 40 BoDV-1 cases
have been reported so far (Table 1). A cohort of MRI cases includes 19 patients, 9 out of which were reported
elsewhere [9]. Two cohorts with autopsy-data report six [20] and eight [21] cases, one of which was included in a
previous report [19]. Our case is new reported one ("case 41", see table below) not included in any previous cohort.
Surprisingly, MRI brain scans of our patient did not show the severity of brain pathology, even at later time-points
("MRI-clinical dissociation"). This is uncommon as BoDV1 cases usually -but not always- show extensive MRI-
lesions in brain [9, 22]. EEG re�ected the clinical severity, with spontaneous burst-suppression and eventual
suppressed (practically isoelectric) brain activity, equal to brain death. In light of the �nal autopsy result, the disease
course �tted to a diffuse rapidly progressive cortical and subcortical involvement focused on the diencephalon
(thalamus, hypothalamus, and neurohypophysis) and brainstem.

Our patient's symptoms started as a common viral infection, evolved rapidly into a severe encephalitic syndrome of
unknown etiology, and progressed to diffuse diencephalic and brainstem failure with eventual brain death. Such an
“encephalitis of unknown etiology” may account for as much as 37% of all encephalitis-cases admitted to a
hospital, 9% of which are fatal [5]. The presence of unexplained hyponatremia early in the course of such cases
may narrow down the differential diagnostic panel because hyponatremia is associated with few causes of
encephalitis: the limbic anti-LG1 encephalitis [23], human herpesvirus 6 (HHV-6) [24], herpes simplex virus type 1
(HSV-1) [25], tick-borne encephalitis (TBE) [26], as well tuberculous meningitis [27]. These entities induce a posterior
pituitary/hypothalamic lesion explaining the occurrence of hyponatremia. We here suggest that BoDV-1 should be
also included in the list of viral encephalitis potentially causing hyponatremia (Figure 3). Niller et al. reported the
presence of hyponatremia or diabetes insipidus in 4 out of 8 patients in their BoDV-1 cohort [21]. Eventually, as
proposed by our diagnostic algorithm in Figure 3, the presence of hyponatremia in severe basal brain encephalitis
should alert clinicians to include BoDV-1 serum- and CSF- tests early in the diagnostic workup, using newly
available serological panels [28]. 

Unfortunately, no effective treatment regiment is available so far. Treatment approaches remain experimental,
based on various hypotheses. A report of "anti-viral" e�cacy of amantadine in psychiatric patients with subclinical
BoDV-1 infection [29] should be critically questioned for reasons discussed above [13, 18]. Single (in vitro or in vivo)
experimental studies testing antiviral compounds (ribavirin [30, 31] or favipiravir (T-705) [32]), cocktails of small
interfering RNAs (siRNAs) [33] or combinations of those, have not clinically proven effective at the moment. Indeed,
favipiravir or ribavirin administration in individual BoDV-1 cases was ineffective [2, 22, 34], maybe due to a delayed
administration. Alternatively, as BoDV-1 induces a severe pro-in�ammatory state [20], a combination of antiviral
and anti-in�ammatory could theoretically be bene�cial. This hypothesis was, though, not supported by our
treatment efforts (combination of acyclovir and methylprednisolone).

Conclusion
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We report a new case of fatal BoDV-1 encephalitis, with early, severe, otherwise unexplained, hyponatremia and
development of a rapidly progressing diencephalic and brainstem dysfunction. Our case highlights the early
electrolytic disturbances as a key feature for prompt suspicion and diagnosis. We propose the following learning
points:

- A (rapidly) progressive severe encephalitis with a) otherwise unexplained hyponatremia and b) signs of fast
basal/brainstem failure, should set the suspicion of BoDV-1, especially in endemic regions of central Europe.
Serum and CSF BoDV-1 diagnostic panels recently became available.

- Limbic anti-LG1 encephalitis, HHV-6, HSV-1, and TBE, as well as streptococcus pneumonia and tuberculous
meningitis should be included in the differential diagnosis of such cases.

- Contact with wild animals (shrews, mice, squirrels, chicken, fox, alpacas, horses, sheep, or others) in the
history can support the suspicion but is not a prerequisite.

- Currently, there is no effective therapy regimen for human BoDV-1 encephalitis available. Ribavirin and
favipiravir have been applied as experimental therapy approaches, though yet without success; this may be
due to delayed administration or unclear dosing and treatment duration.

- Studies indicate that the BoDV-1-induced, lymphocytic-mediated, brain degeneration may contribute
signi�cantly to tissue destruction and fatal outcomes in animals and in humans.
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No of
cases

Fatality
(time)

year Symptoms, signs, MRI Hyponatremia Main localization Ref.

1 1 (7w) 2022 �u-like symptoms, progressive
confusion and speech
disorders, coma.

 

MRI: increased FLAIR signal
bilateral in basal nuclei, the
insular and hippocampal region;
subinsular hemorrhage

Not reported basal nuclei, the
insular and
hippocampal
region

[22]

2 2 (10w,
16d)

2022 Fever, �u-like symptoms,
headaches, dysphagia,
vigilance decline, epileptic
seizures, temperature regulation
disorders, dyspnea, loss of
brainstem re�exes, coma.

 

MRI: increased FLAIR signal
bilateral in cortex, basal ganglia
and hippocampus.

Not reported Frontotemporal,
basal ganglia,
thalamus, insula,
limbic system

[34]

1 1 (30d) 2022 Confusion, dizziness, vomiting,
memory impairment, BBB
disruption, respiratory
deterioration, coma, and
brainstem involvement.

 

MRI: no pathology

Not reported Frontal cortex,
optic, and
peripheral nerves

[28]

3 2 (5w;
unknown)

2022 Fever, dysphasia, ataxia and
progressive vigilance decline,
epileptic seizures, loss of
brainstem re�exes, and coma
(terminal).

 

MRI: Widespread increased
FLAIR signal, thalami, basal
ganglia

Not reported

 

Cortexes,
brainstem, whole
brain

[35]

2 2 (5m.;
3m)

2021 Cognitive deterioration, apathy,
brainstem involvement,
respiratory deterioration, coma.

 

MRI: no data reported

Not reported Diffuse,
brainstem,
radiculitis

[36]

1 1 (4w) 2021 nausea, psychomotor slowing,
apathy, temporary sensory
aphasia, ataxia and dyspnea,
paraplegia, and coma.

 

MRI: normal at all timepoints

Not reported All brain areas,
from the cortex
to brainstem

[37]
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3 3 (3-4w,
also
reported in
[21] and
[20])

2018-
2022

Fever, headache, encephalitis,
coma/epileptic
seizures/confusion.

 

MRI: no data reported in the
manuscript

Not reported In 2/3 no
autopsies

[19]

19  9 out of 19
cases were
previously
included in
other case
studies.

 

<2020 (MRI study)

On day 1: 53% MRIs with
lesions. 

On end-scan lesions typical in
the caudate nucleus, striatum,
insula, limbic system, and
brainstem -> spreading to
frontal/ temporal parenchyma
and brainstem

Not reported Multiple brain
areas

[9]

8 8 (1 co-
reported in
[19]) 

 

(death
within 16-
57d after
admission)

1999-
2019

 

Headache, fever, confusion,
ataxia, progressive confusion,
epileptic seizures, focal de�cits,
coma, brainstem de�cits/death.

 

MRI: initially normal (up to day
9) -> then, lesions "typical" for
BoDV-1 in 7/8 patients

Hyponatremia
in 4/8

Multiple brain
areas
(panencephalitis)

[21]

6 6
(autopsies,
1 co-
reported in
[19]) 

(death
within 2-
14w)

2019 Flu-like symptoms,
headache/fever, GBS (1 case),
hemiparesis (1 case) -> focal
de�cits, epileptic seizure,
confusion -> coma, brainstem
de�cits

 

MRI: diffuse indicative of
encephalitis

Not reported Cortical and
subcortical
hemispheric
areas, brainstem,
cerebellum

[20]

3 2
(transplant
donors: 96
and 99d
post-onset)

2018 GBS-like, encephalitis (2/3)

Facial palsy, anomia, cognitive
de�cits, optic neuritis (1/3).

 

MRI: atrophy, diffuse FLAIR
signal intensities (encephalitis)

Not reported Cerebellum,
cerebral cortex

[2]

1 1 (1m) 2018 Fever, headache, confusion,
myoclonus, gait instability,
continuous fever, brainstem
deterioration.

 

MRI: meningitis, brain edema on
day 20.

Not reported Joest–Degen
inclusion bodies,

diffuse

[1]

1 1 (5m) 2019 GBS polyradiculitis Not reported Brain biopsy [38]
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with cytoalbuminic dissociation,
EEG pathologic. Fever, coma
within 14ds.

 

MRI: normal on admission

 

Figures

Figure 1



Page 13/15

(a) Clinical course of the patient, shown as a black axis line (blue marks fonts indicate critical timepoints, see text;
red marks and fonts indicate MRIs); a "typical" BoDV-1 disease course is shown as a color-gradient below the black
axis-line, based on the reported cases (see Table). (b1) The brain MRI on day 12 was mainly unremarkable, except
for mild FLAIR signal enhancement in both insular cortexes (arrows). (b2) The MRI scan on day 28 showed age-
related hemorrhagic alterations in basal ganglia (T2*GRE: arrows), diffuse and punctual Gadolinium enhancement
(T1+Gd: BBB-leakage, arrowheads), and mild extension of FLAIR pathological signal (FLAIR: arrows). (c) EEG on
day 21 shows spontaneous electrical suppression (red line) between theta-delta diffuse slowing, while the patient
was clinically comatose. (d) On day 41 there is a complete suppression of the EEG-activity.

Figure 2
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Brain pathology of our Borna-Virus case in neocortical (A-C), cerebellar (D-F), and pituitary (G-I) areas. Hematoxylin-
Eosin or CD3 (for T lymphocytes) and Borna-Virus-Type-1 immunohistochemistry are illustrated here. Prominent
perivascular as well as diffuse lymphocytic in�ltration was found in all neocortical areas (Fig. 2A, B, asterisks at
indicative in�ltrations). This was accompanied by marked reactive astrogliosis with bizarrely enlarged reactive
astrocytes, some of them with eosinophilic intranuclear inclusions (Fig. 2A-inset, arrows point at Joest-Degen
bodies). Borna disease virus 1 (BoDV-1) immunohistochemistry revealed strong positivity in neurons as well as the
surrounding neuropil (Fig. 2C). Distinct in�ammatory in �ltration was also seen in the cerebellum (Fig. 2D, E,
indicative asterisks), though reactive changes were less pronounced. BoDV-1 signal was primarily visible in the
white matter (Fig. 2F). The adenohypophysis (Fig. 2G, H, I, lower half) demonstrated massive lymphocytic in -
�ltration (Fig. 2 G, H) and presence of viral BoDV-1 antigens (Fig. 2I), in contrast to a relative absence of
in�ammatory in�ltrates in the adenohypophysis (Fig. 2G, H, I upper half). Cumulatively, the pathology indicated a
non-purulent, lymphocytic sclerosing panencephalomyelitis with detection of BoDV-1-typical eosinophilic, spherical
intranuclear Joest-Degen inclusion bodies, in accordance with previous neuropathology studies [20]. Scale bars: 20
μm (A), 50 μm (C), 100 μm (B, D-I).



Page 15/15

Figure 3

Proposed diagnostic algorithm and "diagnostic keys" (in red box) for BoDV-1 encephalitis. Although an antiviral
treatment may be, off-label, considered, it is shown ineffective in the few cases used so far (see Discussion). All
initial diagnostic steps should preferably be performed fast, within 1-2 days after admission (green and red boxes).


