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Putative autoimmune
mechanisms for Acute
Disseminated Encephalomyelitis
(ADEM) and Guillain-Barre
Syndrome (GBS) associated
with SARS-CoV-2 infection

Abstract

The novel coronavirus severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2, responsible
for the ongoing COVID-19 pandemic, is associated
with a broad manifestation of neurological disease,
including Acute Disseminated Encephalomyelitis
(ADEM) and Guillain-Barré Syndrome (GBS),
amongst other forms of autoimmune encephalitis,
stroke, encephalopathy, delirium, and cranial
neuropathies. These phenomena are not limited
to human coronaviruses but are also seen in a
minority of patients in response to other viral
infection. There is good evidence that an auto-
immune mechanism hypothesis is likely. The
final pathology is probably the culmination of
mixed mechanisms such as vascular and immune
dysregulation as well as direct viral invasion of
neurons — though there is little if any evidence of
viral invasion in the literature to date. The aim of
this review is to elucidate the emerging evidence
about this subset of COVID-19-associated neuro-
logical disease. This unique opportunity to study
the interactions between virus and host immune
and central nervous system (CNS) to gain novel
insights applicable to other probable autoimmune
neurological disease. | have conducted a litera-
ture search as well as drawn on my own observa-
tions from the COVID-19 and encephalitis multi-
disciplinary meetings at Queen Square National
Hospital for Neurology and Neurosurgery,
London, UK.

hough rare, involvement of the CNS during

or after viral infection results in serious

disease. This is the case in the minority
of patients with severe COVID-19. COVID-19 is
the result of infection by the novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
first identified in Wuhan, China in November 2019,
causing flu-like illness in most infected patients
and severe pneumonia and/or death in a minority.
The emerging evidence for neurological disease
during or following COVID-19 is an echo of what
took place during the SARS and MERS pandemics
—a spectrum of both inflammatory and ischaemic

disease processes. Here | focus on ADEM:-like
disease (as a subset of Autoimmune Encephalitis
(AE)) and GBS associated with COVID-19. ADEM
is characterised clinically by the acute onset of
polyfocal neurological symptoms such as pyram-
idal signs, ataxia, hemiparesis, optic neuritis and
other cranial nerve involvement, and seizures,
presenting with highest frequency in childhood
[1]. GBS is a peripheral neuropathy, which
presents as progressive bilateral weakness of the
arms and/or legs in the absence of CNS involve-
ment. Progression is rapid, with the majority
of patients with GBS reaching their maximum
disability in two weeks resulting in paresis of the
limb, cranial and respiratory musculature [2].
[ will discuss existing and emerging evidence
supporting each of the following theories: a)
autoantibody production via i) molecular mimicry
or ii) other means; b) systemic immune dysregula-
tion; and ¢) neuronal damage via direct viral inva-
sion. The development of ADEM has already been
linked to precedent infectious, particularly viral,
disease [1] and GBS to a variety of viruses and to
a number of other pandemics, such as Zika Virus,
MERS-CoV and SARS-CoV [3]. It is known that
autoantibody production in GBS drives axonal
degeneration in pathogenesis. It is believed that
both these diseases develop as the result of a
similar autoimmune mechanism.

COVID-19-associated neurological disease

The spectrum of neurological disease associ-
ated with COVID-19 is broad [4,5,6,7]. A recent
study of patients at Queen Square outlined 4
major categories of neurological disease mani-
festation [8] — encephalopathies with delirium,
inflammatory CNS syndromes (including ADEM)
and peripheral neurological disorders (including
GBS), though vasculopathies, such as ischaemic
and haemorrhagic stroke seem to dominate, which
is understandable in the context of COVID-19
assoicated lung and vascular injury. They reported
a ‘striking’ incidence of ADEM amongst their
patients, which did not correlate with lung disease
severity [9], suggesting that pathogenesis mech-
anisms of inflammatory lung and brain tissue
damage differ. In support of this, some cases
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of neurological disease have preceded lung
disease [3]. Notwithstanding, it is known that
hypoxia, the effects of systemic infection,
critical illness and hypertension have been
associated with encephalopathy. This puts the
spectrum of COVID-19-associated neurological
disease into context when considering that
most patients with severe neurological symp-
toms have been admitted to ITU and are in
significantly poor health.

Autoimmune disease via autoantibody
production

Evidence supporting an autoimmune mech-
anism for neurological disease coincidental
with SARS-CoV-2 infection comes from indi-
vidual case studies with the following clinical
features: a) positive autoantibody screen; and
b) clinical features which resemble neuro-
logical disease of known autoimmune origin.
In addition, the mere fact that COVID-19 has
been associated with outbreaks of GBS [10]
warrants suspicion of an autoimmune mech-
anism. However, there is still some controversy
over whether COVID-19 is truly associated with
these cases [11].

Several case studies of patients with prob-
able AE and/or GBS have reported the detec-
tion of autoantibodies. Gutiérrez-Ortiz et al.
describe the case of a patient positive for
anti-GD1b-IgG and Miller-Fisher syndrome after
acute SARS-CoV-2 infection. Yet in the same
case report, they identified a patient with
probable polyneuritis cranialis with a negative
autoantibody screen [12]. In the same vein,
several groups have reported anti-GM and
anti-GD1b IgG positive post-COVID patients
with GBS [13,14]. In most of these cases of
GBS, titre of both SARS-CoV-2 and identified
autoantibody was lower or not present in
CSF and higher in plasma, suggestive of a
mechanism involving autoantibody produc-
tion outside of the CNS and excluding one
which involves SARS-CoV-2 interacting with
the privileged immune system of the CNS. In
terms of ADEM, Grimaldi et al. describe the
case of a patient who was positive for autoanti-
bodies to the nuclei of Purkinje cells, striatal
and hippocampal neurons in CSF and plasma,
though the identity of the specific antigen
involved was unknown and the synthesis of
these autoantibodies has not been reported
in any other case of autoimmune encephalitis
[15]. Another case showed positive CSF exam-
inations for NMDAR and GFAP antibodies [16].

It is important to highlight that the majority
of cases of ADEM and GBS report negative
broad immunological screens in CSF and
serum (for autoantibodies against Caspr 2,
LGil, NMDAR, anti-Hu, anti-GAD, anti-aqua-
porin 4 and anti-DPPX) [8,17,18,19,20]. The
fact that most GBS and AE cases associated
with SARS-CoV-2 are seronegative does not
rule out an autoimmune mechanism. The
literature on probable seronegative neuro-
autoimmune disorders is established and may
reflect the situation for SARS-CoV-2-associated
autoimmune disease [21]. It is thought that
pathogenesis in seronegative patients with

clear autoimmune disease either results from
the production of an undetected or unchar-
acterised autoantibody, or that pathogenesis
is wholly different and not dependent on
autoantibody production. Firstly, there are
subtypes of GBS for which no specific autoanti-
body has yet been discovered, in addition to
well-known autoantibodies for GM1, GDla,
GAlNac-GDla, GD1b and GQlb ganglioside
antibodies, which could explain why recent
case studies of GBS in the context of COVID-19
show either no CSF abnormalities or a mixture
amongst patients, as described previously
[3,8,15,22,23,24]. Antibody detection in cases
of GBS in association with Zika virus have
been equally poor as for AE in COVID-19
[25]. Interestingly, Zhao et al. describe the
first reported case of GBS in coincidence
with COVID-19 before the manifestation of
typical symptoms and RT-PCR detection of
SARS-CoV-2 on nasopharyngeal swab [24].
This suggests a para-infectious rather than
post-infectious disease process, which is in
agreement with other studies which report the
temporal coincidence of neurological symp-
toms with fever, myalgia and other typical
‘early’ COVID-19 symptoms [8,26].

In support of the latter possibility that COVID-
19-associated GBS and AE result from different
disease mechanisms, infection-triggered
autoantibody production does not always
result in clinical disease: for example, in a
follow up study of HSV encephalitis patients,
whilst 27% went on to develop anti-NMDAR
autoimmune encephalitis, 3 patients synthe-
sised anti-NMDAR autoantibodies asymptom-
atically [27]. Further, Keddie et al. found no
significant similarities between the SARS-CoV-2
genome and human genome, suggesting that
molecular mimicry — a typical mechanism
of virus-mediated autoantibody production,
particularly in GBS — might not be taking place
[11]. Immune hyperactivity or ‘cytokine storm
syndrome’ (CSS) are involved in the mani-
festation of COVID-19-associated neurological
disease in general [28]. Numerous cases of GBS
and ADEM show the typical screen of elevated
cytokines characteristic of CSS. Therefore, it
is likely that a combination of mechanisms
starting with systemic SARS-CoV-2 infection
take place to result in autoimmune disease.
These mechanisms manifest heterogeneously
amongst patients depending on individual
factors, such as genetics. For example, it has
been shown that a number of HLA phenotypes
predispose to COVID-19-associated GBS [29].

Autoimmune-like clinical features

Brain imaging of COVID-19 brain disease
frequently shows pathological lesions that are
also characteristic of ADEM and AHLE [30].
Paterson et al. describe the typical radiological
presentations of ADEM-like COVID patients:
multifocal white matter hyperintense lesions
on FLAIR, in association with haemorrhagic
lesions in some - in the Queen Square study,
8 out of 43 patients had vascular or micro-
vascular presentations but the high incidence
of haemorrhagic changes on imaging across all

categories of neurological disease were start-
ling [8,31]. Furthermore, other biopsy studies
show some signs of ADEM-like histological
appearance: small white matter lesions with
clusters of macrophages with variability in
axonal injury and perivenular association [32].
But histopathological findings in one patient
with white matter microbleeds showed lymph-
ohistiocytic inflammation, suggestive of cyto-
kine storm-induced lymphocyte recruitment
[33] - it is not entirely clear whether white
matter changes seen in imaging and histopath-
ology studies are secondary to vascular insults
or the result of immune-mediated demyelina-
tion, and whether this occurs downstream of
autoimmune disease or is a primary dysregu-
lation of the immune disease in its own right
[34]. It is widely known that inborn toll-like
receptor 3 (TLR3) mutations cause Herpes
Simplex Encephalitis (HSE) as a result of
inappropriate immune response to Herpes
Simplex virus 1 (HSV-1) [35]. It is possible
that encephalitic disease can originate at
the level of the immune system and that,
perhaps, COVID-related disease shares some
aspects of this. Plus, it is well-known that
levels of pro-inflammatory markers, such as
IL-6 in particular, increase with disease severity
[36] and that several genetic polymorphisms
responsible for physiological immune function
have been associated with COVID-19 suscept-
ibility [37]. These patients also have higher
numbers of FCN1+ macrophages in the airways
as well as CD14+CD16+ monocytes in periph-
eral blood smears, which are responsible
for the supposed CSS which causes extreme
disease and even fatality in COVID-19 [28].
Pilotto et al. report a case of COVID-19 asso-
ciated encephalitis where the patient was
CSF-negative for SARS-CoV-2 but with a high
level of IL-8 and TNFa in the CSF [38]. It
is these high levels of circulating cytokines
which result in systemic disease and may be
equally important in the context of neuro-
logical disease manifestation. It is possible that
final observed pathology is a combination of
disease processes occurring simultaneously.
This would explain the broad spectrum of
COVID-19 associated neurological disease.
This combination of pathogenic mech-
anisms could arise through a ‘multiple hit’
manner, where consecutive immunological
challenge, resulting in autoantibody produc-
tion or otherwise, results in disease. In support
of this, Panariello et al. report the case of a
psychotic patient with a history of substance
use disorder — it is known that exogenous
substances such as ketamine can induce
anti-NMDAR encephalitis [39] - with clin-
ical signs of COVID-19 and no response to
antipsychotics. Upon worsening encephalitic
symptoms, CSF analysis revealed anti-NMDAR
antibodies and a diagnosis of anti-NMDAR
autoimmune encephalitis was made [16]. It is
possible that COVID-19 and the spectrum of its
systemic and immune effects, such as CSS-type
effects, provided the final step to bring this
particular patient to disease threshold. This
would also explain why a subset of COVID-19
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patients present with GBS and ADEM after
a delay [40], as is the case with a range of
neuroautoimmune diseases which result from
secondary autoantibody production upon
immunogenic challenge of multiple epitopes.

Neuronal damage via direct viral entry
On the other hand, it is argued that rather
than causing classical autoimmune disease,
SARS-CoV-2 causes neurological damage by
directly invading the CNS. SARS-CoV-2 is a
cytopathic virus, meaning that it gains entry
to host cells — via ACE2 and TMPRSS2 surface
receptors - and induces cell death and injury.
A contradiction to the autoimmune hypothesis
for ADEM is the presence of SARS-CoV-2 in the
CSF and biopsy samples in a number of case
studies [41], though rarely in cases of GBS [20].
Moreover, it has been posited that SARS-CoV-2,
like SARS-CoV, has neuroinvasive potential
and spreads to the CNS via the olfactory bulb
and nerve through the cribriform plate and
olfactory epithelium, accounting for the wide-
spread reporting of symptoms of anosmia and
hyposmia amongst COVID-19 patients [42]. The
expression of ACE2 on olfactory epithelia and,
further, reported in areas of the brain by several
studies, suggest that the virus can directly infect
a wide range of neurons.

SARS-CoV has been reliably extracted from
autopsy specimens of patients who died as
a result of SARS, in particular in neurons of
the cortex and hypothalamus, and ACE2 is

References

strongly expressed in the ventrolateral medulla
and the nucleus of the tractus solitarus [41].
Similarly, histopathology studies of COVID-19
patients found neuronal cell loss and axonal
degeneration in the dorsal motor nuclei of CN
X, CN V, nucleus of the tractus solitaris, the
dorsal raphe nuclei and fasciculus longitudin-
alis, though it is difficult to say whether these
widespread neuronal insults were the result of
direct viral infection or an immune response.

However, evidence of viral CNS entry by
analysis of CSF across case studies has proven
inconclusive: none of the patients in the
Queen Square study had tested positive for
SARS-CoV-2 RT-PCR CSF and data is mixed
amongst other studies [4,9,36,43,44]. Moreover,
treatment for COVID-19 with antivirals has been
discontinued following advice from the WHO,
with reports conflicting over their efficacy. But,
a single case study of probable acute encephal-
itis in association with SARS-CoV-2 and positive
CSF result has been reported, which should
lead us not to undermine the neuro-invasive
potential of this virus [9].

Conclusion

Whilst [ argue for an autoimmune-mediated
mechanism, or at least an autoimmune trigger
to detectable disease, there is a great amount
of conflicting evidence in support of several
different hypotheses, namely viral infiltration
or a broader systemic ‘cytokine storm’. Rather
than being competitors, it seems likely that

these mechanisms must be non-exclusive and
must add up uniquely within each patient,
accounting for the variability in neurological
presentation in association with COVID-19.
Such a collaboration of disease processes
would explain why outcome also differs so
much between individuals of different ethnic
groups, ages, and past medical history. The
implication for a multifactorial pathogenesis
is that there may be no universal effective
treatment. It is therefore imperative that
neurological cases associated with COVID-19
are examined with care to understand if
one mechanism dominates. This could, for
example, either guide treatment towards ster-
oidal agents for a CSS-dominant pathogen-
esis or intravenous immunoglobulin therapies
to treat autoantibody-dominant mechan-
isms. Encephalitis Lethargica (EL) so-called
postencephalitic parkinsonism which take
decades to manifest itself and is estimated to
have affected 1 million people between 1915
and 1930 [45]. The highly elusive relationship
between the influenza pandemic of 1916-1918
and the EL pandemic should prompt us to
question the role of viral infection in long-term
neurological disease. Whilst it is currently hard
to both dissect the true relationship between
COVID-19 and neuroautoimmune diseases,
and to predict what is to come following
COVID-19, our understanding of its neuro-
logical effects will be crucial in preventing a
similar outcome.
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