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Abstract

Background Since the declaration of COVID-19 pandemic, several case reports of demyelination of both peripheral and
central nervous systems have been published. The association between CNS demyelination and viral infection has long been
documented, and this link was recently reported following SARS-CoV-2 infection as well.

Objectives In this systematic review, we aim to investigate the existing literature on CNS demyelination associated with
SARS-CoV-2, and the proposed pathophysiological mechanisms.

Methods We conducted a systematic review of articles in PubMed, SCOPUS, EMBASE, Cochrane, Google Scholar and
Ovid databases, from 1 January 2020 until June 15, 2021. The following keywords were used: “COVID-19”, “SARS-CoV-2”,
“demyelination”, “demyelinating disease”, “multiple sclerosis”, “neuromyelitis optica”, and “transverse myelitis”.

Results A total of 60 articles were included in the final analysis of this systematic review and included 102 patients: 52
(51%) men and 50 (49%) women, with a median age of 46.5 years. The demyelination mimicked a variety of conditions with
a picture of encephalitis/encephalomyelitis being the most common. At the same time other patterns were less frequently
reported such as MS, NMOSD and even MOGAD. Longitudinally extensive transverse myelitis (LETM) was the most fre-
quently reported pattern of spinal cord involvement.

Conclusion A growing body of literature has shown an association between SARS-CoV-2 infection and the development
of different types of CNS demyelination. Although causality cannot readily be inferred, this review may suggest a probable
causal relationship, through a para-infectious or post-infectious immune-mediated etiology in COVID-19 patients. This
relationship needs to be clarified in future research.

Keywords COVID-19 - SARS-CoV-2 - Demyelinating disease - Multiple sclerosis

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged in Wuhan, China, in December 2019,
and coronavirus disease 2019 (COVID-19) was declared a
pandemic on March 11, 2020. Since then, several neuro-
logical manifestations have been reported, including both
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peripheral and central nervous systems (CNS) demyelinating
diseases [1, 2]. Several articles reported the occurrence of
acute demyelinating encephalomyelitis (ADEM), transverse
myelitis (TM), multiple sclerosis (MS), and even neuromy-
elitis optica spectrum disorder (NMOSD), in association
with COVID-19 infection [3-5].

There is an ongoing debate whether this association is
merely related to the neurotropic features of SARS-CoV-2,
or secondary to an acute or delayed immune-mediated
response [6]. Coronavirus family showed clear evidence
of neurotropic properties, as CNS demyelination has been
reported with Middle East respiratory syndrome coronavirus
(MERS-COV) and SARS-COV-1 [7-9].

When it comes to SARS-CoV-2, data are still limited in
terms of cases of para-infectious and post-infectious CNS
demyelinating/inflammatory diseases. Recent evidence has
shown that SARS-CoV-2 can cross the blood—brain barrier
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and induce acute or delayed CNS demyelination [10].
Various mechanisms have been suggested including virus-
induced hypercoagulable or proinflammatory states, direct
viral invasion of the CNS, and post-infectious immune-
mediated processes [11].

In this systematic review, we aim to investigate the avail-
able evidence regarding the different types of CNS demyeli-
nation in association with SARS-CoV-2 infection, and the
proposed pathophysiological mechanisms in these cases.

Methods
Design

This systematic review collected data from PubMed, SCO-
PUS, EMBASE, Cochrane library, Google Scholar and Ovid
databases, in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) guide-
lines. We aimed to identify relevant articles that discussed
CNS demyelination in association with SARS-CoV-2 infec-
tion from 1 January 2020 until June 15, 2021.

Search strategy

A pre-specified searching strategy consisted of a variation
of keywords of relevant medical subject headings (MeSH)
and keywords, including: “COVID-19”, “SARS-CoV-2”,
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“demyelination”, “demyelinating disease”, “multiple sclero-
sis”, “neuromyelitis optica”, and “transverse myelitis”. Fur-
thermore, we hand-searched additional relevant COVID-19

articles that were referenced in the selected studies.
Inclusion criteria

We included all peer-reviewed publications that reported any
form of CNS demyelination in association with COVID-19
infection, including but not limited to case reports and case
series that met the following criteria: (i) studies reporting
early or delayed acute CNS demyelination after COVID-19
infection; (ii) studies reporting possible association of cases
fulfilling the diagnostic criteria of multiple sclerosis (MS),
transverse myelitis (TM), neuromyelitis optica spectrum dis-
order (NMOSD), or myelin oligodendrocyte glycoprotein
antibody disease (MOGAD), and COVID-19 infection; and
(iii) studies published in English.

Exclusion criteria
The review was restricted to studies published in English.
Publications that were not peer-reviewed were excluded

from this study. We also excluded review papers, viewpoints,
commentaries, unless reporting a case of demyelination, and

@ Springer

studies where demyelination affected peripheral rather than
central nervous systems. We also excluded cases not sup-
ported by positive imaging findings, laboratory or clinical
evidence of COVID-19 infection.

Data extraction

Titles and abstracts of all identified studies were indepen-
dently screened for relevance by the two reviewers, followed
by full-text screening of the deemed eligible papers. The
same reviewers then extracted data on the following param-
eters: article title, authors, publication year, age and gender
of the patients, COVID-19-related information, onset of neu-
rological symptoms, findings of neurological examination,
MRI findings, laboratory work-up, CSF analysis, treatment
and clinical outcome. Severity of COVID-19 infection was
categorized into mild; asymptomatic infections or infections
with mild symptoms not requiring hospitalization, moderate;
requiring hospitalization but not ICU admission, and severe;
requiring ICU admission and mechanical ventilation.

Statistical analysis

Qualitative data were described in percentages and numbers.
Quantitative data were described using range (minimum and
maximum), mean, standard deviation, and median. Signifi-
cance of the obtained results was judged at the 5% level,
but it could not be calculated due to insufficient data. A
meta-analysis was planned to evaluate the association of the
demographic findings, clinical, radiological and laboratory
findings and outcomes, but it could not be performed due to
lack of sufficient data.

Results

As illustrated in Fig. 1, our systematic search resulted in
an initial number of 1,399 of potentially relevant articles,
of which 966 were screened by title and abstract, follow-
ing duplicates removal. Applying the inclusion/exclusion
criteria to the full-text documents, 83 articles were deemed
eligible, of which, 60 studies with a total of 102 patients,
were included in the systematic review.

Brain demyelination

We identified 78 cases of brain demyelination from 38 arti-
cles. There were 40 males and 38 females. The median age
of patients was 45.5 (0.17-77) years. The most common pre-
senting neurological symptoms were lethargy, altered senso-
rium with or without seizures. In some cases, the symptoms
followed COVID-19 infection by few weeks, while in oth-
ers, they started at initial presentation and overlapped with
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) study selection flow diagram

COVID-19 symptoms. The demyelination mimicked a vari-
ety of conditions with the picture of encephalitis/encepha-
lomyelitis being the most common (91%). At the same time,
other patterns were less frequently reported such as MS,
NMOSD and even MOGAD (10%).

It still remains an unanswered question whether demy-
elination represents a manifestation of direct viral invasion
to the CNS, or it is an immune-mediated process triggering
other well-known conditions, or in some cases a mere sequel
for hypoxia affecting the CNS as a direct result of respira-
tory affection.

We summarized the results based on the most likely clini-
cal diagnosis, in view of symptoms, laboratory and imaging
findings in Tables 1 and 2.

Encephalitis/encephalomyelitis-like

A total of 71/78 patients (90%) presented by an encephalo-
pathic clinical picture, lethargy, loss of consciousness and/
or seizures which was supported by imaging findings. The
median age of patients was 47 years. Hemorrhage and/or
necrosis were reported in 26/71 (36.6%) of those patients.
Of whom, 21/26 suffered severe COVID-19 infection which
required mechanical ventilation. This observation raises the
concern of a hypoxic ischemic theory and the need for anti-
coagulation in severely ill cases. A summary of the clinical
characteristics is presented in Table 1.
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MS-like demyelination

Three cases of MS-like demyelination: two females and
one male have been reported. Their ages were 24, 28 and
29 years. The presentation was localizing to brain stem in
two of them. On the other hand, unilateral optic neuritis was
the main complaint in the third case.

In all cases the COVID-19 symptoms preceded the neuro-
logical symptoms by 2—4 weeks and the infection was mild
in severity.

Oligoclonal bands were positive in two patients and not
tested in the third.

Although the patient reported by Moore et al. fulfilled the
2017 McDonald criteria [12], we believe the MRI lesions
were quite atypical being round in shape and larger than
typical MS plaques. Follow-up is mandatory to securely
establish the diagnosis.

The same atypical pattern of demyelination applies to the
patient reported by Yavari et al. [5], where the lesions were
large and located mainly in deep white matter and subcorti-
cal areas.

Despite the fact that the third case presented with optic
neuritis, the associated field defect rendered the presenta-
tion atypical. Moreover, only two supratentorial lesions were
detected in addition to the optic nerve lesion which does not
fulfill the 2017 McDonald criteria.

That raises the question of whether these cases represent
true MS or just a post-viral demyelinating syndrome. Find-
ings of clinical characteristics are summarized in Table 2.

NMOSD and MOGAD-like demyelination

Longitudinally extensive transverse myelitis (LETM) and
symptomatic cerebral syndrome are two of the well-known
core features of NMOSD. In addition, ADEM could her-
ald the first presentation of the disorder [13]. The patient
reported by Zhogi et al. [14] was a 21-year-old male who
presented with lethargy, vomiting, weakness of both lower
limbs and urine retention, few weeks after suspicious
COVID-19 symptoms.

Brain MRI revealed affection of bilateral corticospinal
tracts up to cerebral peduncle and pons, marbled hyperinten-
sity in the splenium of corpus callosum. Moreover, LETM
was reported on his spinal MRI and testing for AQP4 anti-
body was positive. This patient received a probable diag-
nosis of COVID-19 based on his previous symptoms, chest
imaging and positive antibody testing.

Additionally, Correa et al. [4] reported another female
patient with LETM and brain hyperintensities in the fornix
and subfornical area. The serology was positive for AQP4
after receiving a definite diagnosis of COVID-19 few weeks
earlier.

@ Springer

MOGAD was reported in three post-COVID-19 patients
based on positive antibody testing; the first was a 15-year-
old patient who suffered subacute bilateral optic neuritis.
COVID-19 infection was suspected based on his previous
symptoms and two family members developing the infec-
tion a few weeks later. It was confirmed with positive naso-
pharyngeal PCR testing.

The second case was a 47-year-old male who presented
with bilateral optic neuritis following asymptomatic infec-
tion, and was suspected based on his contact with positive
cases. The infection was never confirmed though. Findings
of clinical characteristics are shown in Table 2

The third case was a 4-year-old child presenting with
ADEM. He had a mild infection with marked improvement
after high-dose steroid treatment (Table 1).

Transverse myelitis

A total of 40 cases of TM have been reported in relation to
SARS-CoV-2, of whom, 24 were isolated TM (Table 3), and
16 as a part of diffuse demyelinating process (Tables 1, 2).
The cases included 19 females and 21 males.

LETM was the most frequently reported pattern of spinal
involvement reported in 72.5% of cases of myelitis (19/24
of cases of isolated TM and 10/16 of cases of diffuse demy-
elination). Conus medullaris involvement was reported in 3
cases (3/40).

There are many mechanisms by which SARS-CoV-2
can induce myelitis: acute viral myelitis, post-COVID-19
immune-mediated myelitis, ischemic myelitis, part of an
inflammatory demyelinating syndrome triggered by COVID-
19 infection (ADEM, MS, NMOSD, and MOGAD). Table 3
summarizes the reported cases of isolated myelitis with
COVID-19 infection.

Demyelination in special populations (children,
pregnancy and puerperium)

Twenty pediatric, one pregnant and one postpartum cases of
COVID-19-related brain demyelination have been reported.
Although the pregnant and postpartum females had severe
COVID-19 infection that required mechanical ventilation,
they recovered almost completely with high doses of ster-
oids. The presentation was of typical ADEM in one and
diffuse leukoencephalitis with microbleeds in the other.
Among the pediatric cohort, there were 12 males and 8
females, with a median age of 9 years. Of them, 60% (12/20)
suffered from severe COVID-19 infection. All patients
presented with a picture of ADEM with (5/20) or without
associated myelitis. In the five patients with myelitis, four
showed LETM. The outcome was favorable (marked to com-
plete recovery) in 13/20 patients. COVID-19-related isolated
TM was reported in five pediatric patients (Table 3). Their
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i) E g median age was 11 years. LETM was the presenting imaging
- S LE L e 5 2 .
9 28 EEE8c0E2| 58 feature in all of them. Unfortunately, the outcome ranged
LSEE£83E8£E=s5| &% -
s ZESE S L5552 7k between no to partial improvement.
g =22z FE-gs5we| 27
ot 227 oS8558 B
Z EErz3825%832| D4
=i} Discussion
%) > )
§8 o0 20 § E :
g S £ S % = E 5 Several recent studies have evaluated the possible mecha-
<58 g= " g £ nisms of COVID-19-associated demyelination. Viral infec-
= & f tion has demonstrated the ability to induce an inflamma-
: E % 8 g = § % tory response, activating myelin-specific T cells, which can
» 20 8= = g & accelerate the development of early or delayed virus-induced
8 = © i demyelination [15]. Historically, SARS-CoV-1 and MERS-
& oe Eos > > y y
%0?2 ; % '% ¢ §§ 6 i E Té CoV, which are genetically similar to SARS-CoV-2, has
é < 8 %" £ 25 é" &0 % E been associated with central demyelination in literature [7].
2 2 Several experimental studies [16] revealed that murine
Q £ p
o
2 9 coronavirus infection of susceptible mice has led to an
g% = gz ) T . .
2 3 = £ g % inflammatory demyelination similar to MS, with coronavirus
<9 = E=| . . . .
®2eE & % < RNA sequences and its antigen detected in the demyelinat-
= Sy s E o8 g -5 ing lesions. Furthermore, in one study [17], HCoV-229E
172} - S - O 2] . . . .
g 2E.ELS5%E g = *E = % viral RNA and HCoV-myelin cross-reactive T cell lines were
p= < —_— . . . .
8 ;s £ 58 g’ IR ; % predominantly detectable in the CNS of 36% of patients with
= . . . .
S MS, compared to none in patients with other neurological
Q& L
2 = < 9,:’ diseases and normal controls.
@ Q . . .
5S ° g0 Although the exact mechanism of virus spread in the
= = 9 . .
g g § 2 82 é CNS has not been established, the two possible explana-
- %‘ 5 tions are either hematogenous spread from systemic circula-
< o .
2 A -'% §’ tion to CNS or trans-neuronal spread through the olfactory
< g é 8 g pathway. In addition, the CNS can be potentially compro-
E Ef % % 5 H mised through an ischemic—hypoxic insult resulting from
g 2 . . . .
Q Eo g severe respiratory affection or by latent immune-mediated
o0 1, = < . 0 .
£ B & o & oS = mechanisms.
= O SR S s Q g PO . . .
§ e ; R ?5 qé § = % S 5 % SARS-CoV-2 exhibits neurotropic and neuro-invasive
= = - w2 . . )
£ § 8 E ge=rE” £8 g  properties and can cause direct neurological damage,
© wn S . . . . .
o 5 e % é" g through binding to angiotensin-converting enzyme-2 (ACE-
é a 5 d% 9 g :%‘ = P g 2 2)receptors, whose expression is ubiquitous, including the
2 % g é, E< § &g .§~-§ : CNS, or via blood circulation through Virchow Robin spaces
&0 = < g Eo o [11]. Moreover, delayed CNS damage appears to be medi-
‘g =l g ated by an undesired immune reaction following acute infec-
= = . . . .
. § g o % & le EGE g ton, leading to CNS demyelination [18].
£ S % 38 2 |3 2E8 Accumulated evidence showed that SARS-CoV-2 and
HEE2o040E R | 2e = . . . .
. o # g™  several proinflammatory cytokines, including IL-1p, IL-2,
g ~587% % ©5 2 IL-4,IL-6, IL-8, IL-10, TNF-a, and IFN-y, can cross the
= 5 5 @ o . . . . .
g = g g 3 § E s E -g blood-brain barrier, affecting macrophages, microglia, and
%] 2] = . . . . .
o b%ﬁ S =g -‘8’ astrocytes, which are the principal cells that mediate innate
g . o . .
5 £ 4.2  immunity in the CNS, thus creating a perfect cytokine storm
< = O . . .
E = R for a proinflammatory state [10, 19]. IL-6 is an important
5 |© = g = % proinflammatory mediator that can induce an immune
Q Qs . . .
= é')" 5 =80 response in the nervous system, and plays a crucial role in
g 9 °3 . . . .
g Bz S regulating the immune response in MS. In experimental
3 = 29~ . ..
= g el £ ¢ &  autoimmune encephalomyelitis (EAE) model of MS, IL-6
(o] = . .. . . . .
2 £ éﬁ = £E si“ aggravates clinical manifestations, neuroinflammation, and
° a Q . . . . . .
e |2 w =343 demyelination, principally by promoting pathogenic T helper
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(Th) 17 cell generation in the peripheral lymphoid organs
[20, 21]. The levels of IL-6 were found to be correlated with
the severity of COVID-19 symptoms, and this dysregulation
can affect both innate and acquired immunity [1]. Further-
more, most COVID-19 patients exhibit increased circulating
levels of IL-17 [22], which has a documented role in MS
pathogenesis, mainly based on the data obtained from EAE
model [23].

Moreover, autopsy data showed activation of astrocytes
and microglia with infiltration of cytotoxic T cells, particu-
larly in the brainstem, in COVID-19 patients [24]. In addi-
tion, Toll-like receptors (TLR), the main pattern recognition
receptors expressed by CNS cells, have played a significant
role in the pathogenesis of MS, and EAE model [25]. TLR
are also believed to play a significant role in the pathogenesis
of COVID-19, mainly through recognition of viral particles,
activation of the innate immune system, and secretion of
pro-inflammatory cytokines [26].

Another possible explanation could be the production of
antibodies against myelin triggered by the virus. This para-
infectious or post-infectious etiology is reported in several
cases of post-SARS-CoV-2 Guillain-Barre syndrome.
SARS-CoV-2 may play a role in triggering MS, similar to
the documented role of Epstein—Barr virus [27]. These key
aspects represent a maladaptive immune response to SARS-
CoV-2 characterized by hyperactivity of innate immunity
followed by immune dysregulation.

In view of this data, the reported cases in this review
support a demyelinating aspect to SARS-CoV-2 infection.
In the majority of cases, COVID-19 infection was confirmed
by RT-PCR testing and in the remaining by adequate clini-
cal, radiological and serological testing. Although causality
cannot be adequately established, there is enough evidence
to warrant further large-scale studies.

Brain demyelination was reported in a good number
of cases; 78 patients, with encephalitis/encephalomyelitis
presentation being the most common. The development
of hemorrhage is potentially related to the severity of the
respiratory involvement. Hypoxia as a result of such severe
infection is a very likely contributing mechanism.

Although MS and other demyelinating diseases were
reported, caution is a must when interpreting these findings,
as in some cases the clinical presentation and MRI lesions
are atypical. Further supporting laboratory investigations
such as OCBs, VEP and spinal cord imaging will be needed
to support the diagnosis. Despite the presence of MOG anti-
bodies in some cases, MOGAD diagnosis should be made
with caution, as acute bilateral optic neuritis and ADEM
could be triggered by COVID-19 infection. A close follow-
up is recommended to establish a solid diagnosis.

The fact the cytokines are involved to a great extent in
COVID-19 pathogenesis could explain the trigger of MS
and other common demyelinating disorders as they share

the same pathogenic mechanisms. This might also explain
the beneficial effects of steroids, plasma exchange (PLEX)
and intravenous immunoglobulins (IVIg) in many of the
reported cases.

It is noteworthy to mention the high frequency of LETM
in the cases presenting with myelitis. Although it is shared
by many diseases like NMOSD, idiopathic TM, and ADEM,
SARS-CoV-2 myelitis should be added to the list of differ-
ential diagnosis of LETM.

With regard to the pediatric age group, and contrary to
adult population, CNS demyelination appears to be less
common, and usually associated with the development of
multisystem inflammatory syndrome (MIS-C) [28]. Demy-
elinating disease etiologies can be difficult to stratify in
children, as many of the initial presentations overlap among
disease and syndromes; however, the most frequent type was
post-infectious, immune-mediated ADEM-like presentation,
followed by TM, and isolated splenial lesions [29]. Further-
more, the time of presentation, and the constantly nega-
tive PCR in CSF samples from affected patients, strongly
suggests a post-infectious mechanism for the pathogenesis
of CNS demyelination [30]. However, rare cases of acute,
rather than post-infectious cerebellar ataxia have been
recently reported in children with COVID-19 [31].

There are some limitations to the current systematic
review. The main limitation is that it was based on small
number of case reports and case series, despite extensive
search of available literature, which hindered the ability to
perform a meta-analysis. Moreover, although the selected
reports provided relevant information, there was great het-
erogeneity regarding several aspects of the collected data.
Furthermore, in few cases, nasopharyngeal RT-PCR testing
was not performed, and in the majority of cases, CSF-PCR
was negative, probably due to delayed presentation. Despite
these shortcomings, the current review provides preliminary
data on SARS-CoV-2-associated demyelinating diseases that
can guide neurologists in dealing with such cases, and help
future research.

Conclusion

This systematic review has shown an association between
SARS-CoV-2 infection and the development of different
types of CNS demyelination in literature, although cau-
sality cannot be made with absolute certainty. A probable
para-infectious or post-infectious immune-mediated etiology
might be implicated in patients with COVID-19. We are cur-
rently facing a dilemma of diagnosing common neurological
disorders in the setting of this viral infection, raising the
question of whether there is causality in this association,
or just coincidence. The long-term prognosis of such cases
is not clear, which may have implications regarding the use
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of disease-modifying therapies, or symptomatic treatments,
in these patients. This relationship needs to be clarified in
future research.
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