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COVID-19-associated acute
necrotising encephalopathy
successfully treated with
steroids and polyvalent
immunoglobulin with unusual
IgG targeting the cerebral

fibre network

A recent case report described the radio-
logical features of a suspected COVID-19
necrotising haemorrhagic encephalop-
athy.! We present here a description of
clinical, biological, radiological and
immunological features of a COVID-19

patient case, evocative of virus-associated
acute necrotising encephalopathy (ANE)

I MRI 2 (Day 22)

possibly mediated by antibodies. Patient’s
representative consent has been obtained
in agreement with the journal’s policy.

A 51-year-old man without personal
or family history of neurological disease
was hospitalised after 10 days of fever
and cough. COVID-19 was diagnosed
by reverse-transcriptase PCR on nasal
swab and bilateral ground-glass opac-
ities on thoracic CT scan. At day 12,
he was admitted in intensive care unit
(ICU) for non-invasive ventilation. The
result of the neurological examina-
tion was normal. At day 21, while the
patient had been weaned off oxygen,
he became unresponsive and rapidly
comatose (Glasgow Coma Scale 6: E1,
V1, M4) with a disconjugated gaze.
The patient was groaning and showing
rhythmic movements of the right upper
limb. An urgent brain MRI, including

Figure 1

diffusion-weighted imaging (DWI) and
MR angiogram, ruled out vertebrobas-
ilar ischaemic stroke; gradient echo
T2*-weighted images excluded haem-
orrhage and thrombus in the venous
system. It revealed only subtle hyperin-
tensities in bilateral thalami on FLAIR
sequence (figure 1). Consciousness
impairment required tracheal intubation.
He was hyperthermic (39°C) without
shock. Blood and cerebrospinal fluid
(CSF) samples revealed thrombopenia
and lymphopenia, mild inflammatory
response (C reactive protein, ferritin and
fibrinogen), CSF albumin-cytological
dissociation with increased CSF IgG anti-
bodies (91.9 mg/L, normal 10-30mg/L)
and altered blood-brain barrier integ-
rity (CSF/serum albumin index=17.3,
normal <6.5) (online supplementary
material). An electroencephalogram

Third ventricle

(I-111) MRI of a 51-year-old man with acute encephalopathy. (I) MRI 1 is not shown. MRI 2 (day 22) 1day after neurolCU admission. (A-D)

Axial FLAIR images demonstrate diffuse hyperintense lesions in the cerebellum (star), brainstem (arrows on B), supratentorial grey and white matters
(arrows on D), and bilateral and symmetrical lesions in the thalami (arrows on C). (E) Gradient echo T2-weighted image does not reveal any haemorrhage
within thalamic lesions, and (F) post-gadolinium T1-weighted image does not show enhancement. (G) Diffusion-weighted image and (H) apparent diffusion
coefficient map show mild hyperintensity in the thalami with heterogeneous and variable diffusion (arrows). (Il) MRI 3 (day 25) 3 days after treatment
initiation: (A) axial FLAIR demonstrates no extension of hyperintensity in both thalami (arrows) and (B) susceptibility-weighted image does not detect any
haemorrhage. (C) Diffusion-weighted image and (D) apparent diffusion coefficient map now depict areas of restricted diffusion and cytotoxic oedema
(arrows), a feature highly suggesting acute necrotising encephalopathy. (Ill) MRI 4 (day 35) 13 days after treatment initiation: (A—C) axial FLAIR images

demonstrate significant reduction of hyperintensities with only residual lesions in bilateral thalami (arrows). (D) Gradient echo T2-weighted image shows no
haemorrhage within the lesions. (I, V) Indirect immunofluorescence (IF) patterns of patient's IgG on rat hippocampal slices (x 10 magnification, scale bar
100 pm). IF shows an unusual binding of IgG on specific areas in the fibre tracts, sparing the hippocampus and the cortex, (IV) around the ventricle, near the
dentate gyrus and (V) close to the hippocampus Ammon’s horn. Hi, hile of the dentate gyrus; GC, granule cells of the dentate gyrus; ML, molecular layer; Py,
pyramidal cells in the hippocampus Ammon'’s horn.
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revealed  symmetrical  background
activity of low-voltage delta waves
without spatial organisation, triphasic
waves or paroxysmal activity. He showed
unresponsive coma (Glasgow Coma
Scale=3), pyramidal syndrome, right-
sided sixth nerve palsy and no corneal
reflex. A second brain contrast-enhanced
MRI at day 22 revealed progressing
lesions with diffuse hyperintense lesions
in the thalami, cerebellum, brainstem,
supratentorial grey and white matters
on FLAIR images without gadolinium-
enhanced lesions (figure 1).

At this time, the patient no longer
had respiratory viral excretion (two
negative RT-PCR at 48-hour interval
on tracheal aspirations). A second CSF
sampling revealed no meningitic cyto-
logical pattern and PCR results were
negative for SARS-CoV-2 and other
common viruses (online supplementary
material). Anti-ganglioside autoanti-
bodies were not found in patient’s serum
(immunodot anti-ganglioside 5003; GA
Generic Assays, Dahlewitz, Germany)
and autoantibodies against myelin oligo-
dendrocyte glycoprotein were not found
in serum and CSF (cell-based assay, FA
1156-1003-50; EuroIlmmun, Liibeck,
Germany).  Anti-neuronal  autoanti-
bodies against intracellular (immunodot
PNS9DIV-24; Ravo, Freiburg, Germany)
and surface (cell-based assays: NMDAR,
AMPAR, GABAbR, AMPA1/2, Caspr2,
Lgil, DPPX, FA 112d-1003-6; Euro-
Immun) neuronal antigens were negative
in serum and CSF. Indirect immunoflu-
orescence (performed by the immuno-
logical laboratory) revealed a specific
and atypical IgG staining on monkey
cerebellum slices (Ref 504225; Inova
Diagnostic, San Diego, USA) and on
rat hippocampal slices (Eurolmmun)
(figure 1). No specific staining was
observed on other tissues (rat stomach,
kidney and liver and on HeLa cells). On
monkey cerebellum (data not shown), a
staining around Purkinje cells, evoking
basket cells, was associated with an
unusual but weak staining of fibres in
the inner part of the molecular layer.
The granule cell layer and the rest of
the molecular layer were not stained.
On rat hippocampal slices, an unusual
and strong staining was observed in the
fibre tracts. Hippocampal structure was
completely negative as well as some areas
of this fibre tract adjacent to the hippo-
campus Ammon’s horn. However, other
regions of the fibre network, as ventral
hippocampal commissure, the brachium
of the colliculus and the stria medullaris,
seemed strongly stained (figure 1).

High-dose methylprednisolone (1g.
day™! for 3 days) and intravenous poly-
valent immunoglobulins (total dose:
2g.kg! over S days) were initiated at
day 22. A new MRI at day 25 showed
stable lesions, except for a restriction
in apparent diffusion coefficient in
both thalami and supratentorial white
matter (figure 1). Bilateral and symmet-
rical distribution of such lesions with
a delayed onset of restricted diffusion
allowed us to rule out stroke, but rather
suggested an evolution towards necrosis.
Neurological status improved, allowing
weaning from mechanical ventilation
after 5 days of treatment and discharge
from ICU at day 29. The patient showed
complete motor recovery. Comprehen-
sion was initially limited to simple motor
commands. Verbal stereotypes and perse-
verations were observed at day 26. At
day 35, a new MRI showed a significant
improvement of previously observed
brain lesions while clinical examination
revealed fatigue, memory and attentional
impairment.

The brain imaging abnormalities
were here highly evocative of ANE, due
to the bilateral distribution to brain-
stem, thalami, cerebellum and white
matter, and FLAIR hyperintensities and
restricted diffusion in bilateral thalami.?
Bilateral thalami damage is often a
distinctive feature in ANE.*> Haemor-
rhage in these thalamic lesions is an addi-
tional MRI feature suggestive of ANE,
but may be missing, without ruling out
the diagnosis.” Absence of haemorrhage
in ANE seems to be associated to a better
outcome.” The appearance of diffusion
restriction, evocative of necrosis on the
third MRI, was missing on the first two,
possibly because it was performed early.
Clinical, biological and brain imaging
findings may suggest an acute dissem-
inated  encephalomyelitis  (ADEM).
However, ADEM induces asymmetric
lesions with ill-defined margins, mainly
localised in periventricular regions and
basal ganglia, with an hyperintense rim
on DWI and a gadolinium enhancement.”
In this case, the lesions were rather well
defined, symmetric and not gadolinium
enhanced. Thiamine deficiency seemed
unlikely as this patient was young,
without risk factors and benefited from
thiamine supplementation in ICU.

Respiratory virus-induced neuroim-
munopathology due to a dysregula-
tion of host immune response has been
described, in particular for ANE.” This
can be induced by the cytokinic storm
secondary to viral infections,”* a molec-
ular mimicry between virus and neuronal

antigens or a replication-induced neuro-
toxicity. This case does not support the
latter. Even if the immunological data
presented here cannot ascertain the
causality of the neurological disease,
neurotoxicity triggered by host immune
response to COVID-19, associated with
IgG targeting a neuronal antigen present
in fibre tracts, is suspected here. These
antibodies may target an autoantigen
through molecular mimicry with the
virus.> Cell destruction, releasing large
amounts of autoantigens, may also
stimulate self-reactive cells and lead to
self-reactive antibodies. The inflamma-
tory storm described after COVID-19
infection could have contributed to this
IgG production and blood-brain barrier
opening, thus causing an ANE.?

The fulgurant evolution of lesions
on MRI should alert clinicians on the
interest of repeating brain imaging in
case of impaired consciousness after
COVID-19 infection. The remarkable
efficacy of an early treatment by high-
dose steroids and polyvalent immu-
noglobulin to stop the process should
invite clinicians to consider it as soon as
a central nervous system infection has
been ruled out. COVID-19-mediated
ANE with IgG antibodies emerging from
peripheral tissues and targeting the cere-
bral fibre network around basal ganglia
is a possible new entity that should be
further studied.
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