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Abstract: Background: Neurological manifestations of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) are being widely documented. However, movement disorders in the setting of 2019 coronavirus
infectious disease (COVID-19) have been a strikingly less discussed topic.

Objectives: To summarize available pieces of evidence documenting de novo movement disorders in COVID-19.
Methods: We used the existing PRISMA consensus statement. Data were collected from PubMed, EMBASE,
Web of Science, and Scopus databases up to the 29th January, 2021, using pre-specified searching
strategies.

Results: Twenty-two articles were selected for the qualitative synthesis. Among these, a total of 52 patients with
de novo movement disorders were reported. Most of these had myoclonus, ataxia, tremor or a combination of
these, while three had parkinsonism and one a functional disorder. In general, they were managed successfully
by intravenous immunoglobulin or steroids. Some cases, primarily with myoclonus, could be ascribed to
medication exposures, metabolic disturbances or severe hypoxia, meanwhile others to a post-or para-infectious
immune-mediated mechanism. SARS-CoV-2 could also invade the central nervous system, through vascular or
retrograde axonal pathways, and cause movement disorders by two primary mechanisms. Firstly, through the
downregulation of angiotensin-converting enzyme 2 receptors, resulting in the imbalance of dopamine and
norepinephrine; and secondly, the virus could cause cellular vacuolation, demyelination and gliosis, leading to
encephalitis and associated movement disorders.

Conclusion: De novo movement disorders are scantly reported in COVID-19. The links between SARS-CoV-2 and
movement disorders are not yet established. However, we should closely monitor COVID-19 survivors for the
possibility of post-COVID movement disorders.

Neurological manifestations of a predominantly respiratory path- coronavirus disease of 2019 (COVID-19) have been a strikingly
ogen, severe acute respiratory syndrome coronavirus 2 (SARS- less discussed topic.

CoV-2), are being widely documented.! These may include mild Infectious diseases are among the most common causes of
headache, hyposmia/anosmia, hypogeusia/ageusia, ischemic neurological disability worldwide. A series of movement disor-
stroke, intracerebral hemorrhage, encephalitis, alterations in cir- ders can develop in isolation (i.e., direct neurovirulence) due to
cadian rhythm, cognitive impairment, increased seizure fre- encephalopathy, or as part of a broader neurological dysfunction
quency, myopathy, and Guillain-Barré syndrome variants, (i.e., indirect neurovirulence).® On most occasions, infection-
among others'; as such, the infection may affect almost all parts related movement disorders are the result of an active immune-
of the neural axis.' However, movement disorders preceded by mediated process affecting the neural substrates through
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molecular mimicry and host susceptibility.® 7 In some instances,
this immunological mimicry may result in the development of
targeted antibodies against cell surface dopaminergic receptors in
the basal ganglia.® ° Similarly, anti-neuronal antibodies directed
against the cerebellar fastigial nucleus and omnipause neurons in
the brainstem may give rise to an opsoclonus-myoclonus syn-
drome, as reported in several infectious diseases.'” !

Japanese encephalitis (JE) is one of the viral diseases with a
major spectrum of movement disorders among its clinical mani-
festations.? In this infection, there is structural damage involving
the thalamus, brainstem and basal ganglia, resulting in damage to
the cortico-basal ganglia-thalamocortical loop with resultant
movement disorders.'? Norepinephrine and dopamine have
important roles in movement disorders associated with JE.'
Indeed, low levels of catecholamines in JE-associated movement
disorders compared to Parkinson’s disease and other extrapyrami-
dal symptoms have been reported and may be due to severe
structural damage to the thalamus, basal ganglia and brainstem."?
Analogous pathophysiological mechanisms are believed to be a

.. . . 14
feature of other flavivirus infections. ™

!> Similarly, anti-basal
ganglia antibodies targeted against large striatal neurons have
been reported in infantile bilateral striatal necrosis after recent
respiratory tract infection with Streptococcus spp, manifesting as

> In a significant number of cases, common

dystonic movements.
herpetic encephalitis and JE have produced anti-N-methyl-d-
aspartate receptor antibodies, resulting in diffuse encephalopathies

. 17, 18
and movement disorders.

Over the years, human immunode-
ficiency virus (HIV) infection has been associated with a multitude
of movement disorders due to either direct or secondary damage
to the basal ganglia or its connections (aberrant immunological
response), or as a result of drug therapy.'? Parkinsonism as a com-
plication of viral infections is well documented and has been asso-
ciated with influenza, JE, enterovirus, Epstein—Barr, western
equine encephalitis, dengue, hepatitis E, measles, herpes simplex,

15, 20-28

HIV, coxsackie and many other viruses. Further, acute

post-infectious anti-neuronal antibody-mediated cerebellar ataxia
is seen in numerous cases following viral encephalitis in children.?’

The influenza pandemic of 1918 is famous for the post-
infectious complication known as encephalitis lethargica,®* '
characterized by a myriad of abnormal movements, i.e., post-
encephalitic parkinsonism, tremor, dystonia, chorea, myoclonus,
and oculo-masticatorymyorhythmias.>* Encephalitis and enceph-
alopathies in COVID-19 are being reported commonly,' but
surprisingly, reports of movement disorders are scant.> During a
time in which the medical literature is witnessing a deluge of
COVID-19 related papers, those that report COVID-19 induced
movement disorders are meager.

The purpose of this review was to summarize available pieces
of evidence documenting de novo movement disorders in
COVID-19 patients. Indeed, the movement disorders that have
been reported in those patients who have suffered from
COVID-19 rather than on the people already living with diag-
nosed or undiagnosed movement disorders. We also analyzed
several putative pathological mechanisms of development of
movement disorders in SARS-CoV-2 infection and finally,
assessed why there is a scarcity of de novo movement disorders.
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Methods
Search Strategy

We searched through the PubMed, Embase, Web of Science, and
Scopus databases with the following keywords ([“Parkinsonism”
OR “Ataxia” OR “myoclonus” OR “tremor” OR “dystonia” OR
“chorea” OR “movement disorders”] AND [“SARS-CoV-2" OR
“COVID-197]), up to 29h January 2021. The articles were
imported into the Rayyan QCRI software.”* We also hand-
searched additional COVID-19 specific articles using the reference
list of the selected studies and relevant journal websites from 2019
to the current date for literature inclusion. To decrease publication
bias, we invigilated the references of all studies potentially missed in
the electrical search. Content experts also searched the gray literature

of any relevant articles.

Study Selection Criteria

All peer-reviewed studies, including cohort, case—control studies,
and case reports, which met the pre-specified inclusion and
exclusion criteria, were included in this study.

Inclusion Criteria

Our inclusion criteria were as follows: (1) studies reporting
COVID-19 associated movement disorders; (2) studies reporting
of management and outcome of the cases; and (3) studies
approved by an Ethics Committee or Institutional Review
Board, along with mandatory written informed consent before
inclusion. Only studies that were published in English were con-
sidered. Accordingly, we excluded the studies with the following
criteria: (1) prior history of movement disorder; (2) insufficient
data and, subsequently, failure to contact the authors; (3) non-
clinical research, animal studies and reviews; and (4) duplicate
publications. The references of the original articles and reviews
identified were manually searched further for any article that has
been missed out.

Exclusion Criteria

We excluded studies if COVID-19 had not been confirmed and
those written in languages other than English. We also excluded
review papers, viewpoints, commentaries, and studies where
information related to neurological manifestations or movement

disorders was not reported.

Study Selection and Evidence
Synthesis

The titles and abstracts were studied by two reviewers indepen-
dently, and selected studies underwent full-text review. For the
studies that were included for this review, the following informa-
tion was extracted: demographics, disease semiology, time to
diagnosis, clinical history, diagnostic methods employed, includ-
ing neuroimaging, therapy, final outcome, cerebrospinal fluid




GHOSH R. ET AL.

REVIEW

(CSF) study, and autoimmune encephalitis panel. The extracted
information was qualitatively synthesized. Because the number of
studies and patients were limited, quantitative synthesis was not
carried out.

Statistical Analysis

Qualitative data were expressed in percentages. Unit discordance
among the variables was resolved by converting the variables to a
standard unit of measurement. A P value <0.05 was considered
statistically significant, but it could not be calculated due to insuf-
ficient data. A meta-analysis was planned to analyze the associa-
tion of the demographic findings, symptoms, biochemical and
neuroimaging parameters and outcomes, but was later omitted

due to lack of sufficient data.

Ethics

This is a review of published literature on de novo movement
disorders in COVID-19 and did not involve any human or ani-
mal subjects. Hence, approval from an Ethics Committee was
not applicable.

Results

The selection process carried out according to the Preferred
Reporting for Systematic Review and Meta-Analysis (PRISMA)
consensus statement is shown in Figure 1. The published cases

. . 35-56
are summarized in Table 1. ?

Twenty-two articles were finally
selected for the qualitative synthesis. Among these, a total of
52 patients with de novo movement disorders were reported.
Most of these had myoclonus, ataxia, tremor or a combination
of these, while three had parkinsonism and one a functional dis-
order. Cases of post-infectious generalized myoclonus were firstly

1.3 and Ribano-Suirez et al.** Anand

reported by Khoo et a
et al.?® in their case series, from three different centers, reported
eight cases of myoclonus associated with SARS-CoV-2 infec-
tion; the cases had variable backgrounds, comorbidities and out-
comes.®® Seven of these eight patients had significant metabolic
disturbances, hypoxemia and medication exposure, which may
have contributed to the development of myoclonus.®® Seven
cases of opsoclonus-myoclonus syndrome, presumably para-

56 .
1., who inferred

infectious, were described by Emamikhah et a
that COVID-19 was probably the initial trigger infection. Six of
these cases also had voice tremors.>® Authors of all the four man-
uscripts concluded that myoclonus was probably secondary to
immune-mediated brain injury.*> 3% #* 3¢

Diezma-Martin et al.** reported a case of tremor and ataxia in
a 70-year-old man following COVID-19. A similar case of gait
ataxia was described by Balestrino et al.** in an aged patient with
multiple comorbidities. Chaumont et al.*’ reported four cases of
severe COVID-19 in male patients aged 50-70 years after
weaning of mechanical ventilation and extubation. Among a
myriad of neurological manifestations, the patients had upper

limb myoclonus, which persisted 3 weeks after discharge and an

immunoglobulin regimen.*” Méndez-Guerrero et al.* reported
a case of opsoclonus-myoclonus complex in a 58-year-old man
with an asymmetric hypokinetic-rigid syndrome, in whom there
was asymmetrically decreased presynaptic dopamine uptake in
the putamen on I-2f-carbomethoxy-3p-(4-iodophenyl)-IN-
(3-fluoropropyl) nortropane (I-FP-CIT) dopamine transporter
single photon emission computed tomography (DAT-SPECT).

Schellekens et al.*®

reported the case of a 48-year-old man with
a history of asymptomatic HIV infection who had a partially
reverted picture of myoclonus-ataxia in the setting of COVID-
19. Paterson et al.** described a total of 43 COVID-19 patients
with neurological manifestations, among which seven had post-
COVID-19 ataxia. Intriguingly, lower limb tremors were
observed in a SARS-CoV-2 infected woman, which could nei-
ther be traced to neurological impairment on examination nor
an infectious or hormonal etiology on serum testing. The authors
categorized it as a “functional movement disorder threatening
existential continuum”.>

In general, the patients were managed successfully by intrave-
nous immunoglobulin or steroids. In a few patients, a multi-
modal approach was employed. In the case of Cohen et al.*>” the
symptoms persisted even after treatment with steroids,
pramipexole, and biperidine. Clonazepam was used alone or in
combination with other drugs in multiple patients where the

35, 38, 43, 44, 52, 53, 55, 56
d. In four cases,

42, 45, 46

condition improve
the patients improved without any specific treatment.
The positive effect of immunotherapy in many of the patients
points towards that the pathogenetic mechanisms for the devel-
opment of some movement disorders, following SARS-CoV-2
infection, may be mediated by aberrant immune-mediated

injury.

Discussion

During this ongoing pandemic, a plethora of neurological mani-
festations in COVID-19 affecting both the central and the
peripheral nervous systems are being reported.! However, sur-
prisingly, data regarding movement disorders are scarce. Move-
ment disorders in COVID-19 might be an under-recognized
neurological complication. Thus, in the present review, we have
only found 52 patients with de novo movement disorders.
Regarding the pathophysiology of movement disorders in
COVID-19 as a whole, there are currently three possible expla-
nations. Firstly, many cases, mainly those with myoclonus, could
be ascribed to drugs, metabolic disturbances, or simply severe
hypoxia.** Further, cases of autoimmune encephalitis with sub-
acute cerebellar syndrome and myoclonus, triggered by SARS-
CoV-2 infection, have just started to surface,’’ as are therapy-
related complications, such as opsoclonus-myoclonus in
COVID-19 therapy-induced serotonin syndrome.** Secondly, a
post- or para-infectious immune-mediated mechanism somehow
related to the inflammatory phase of COVID-19. In this sense,
there are many reports in the literature of myoclonus or parkin-

. . ] _ a
sonism presenting shortly after the onset of infection.!> 20728 57
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Records identified through
database searching
(n=370)

Additional records identified
through other sources
(n=17)

A 4

Records after duplicates removed

Screening ] [ Identification]

(n =375)
Records excluded
v (n = 344)
Records screened | [Not about COVID-19 or
(n=375) | movement disorders; pre-
S existing history of
movement disorder]
=
E v Full-text articles excluded,
2 Full-text articles assessed with reasons
i for eligibility > (n=9)
=31 [Movement disorders
(n=31) already existent before
— COVID-19]
A 4
Studies included in
° o ;
% qualitative synthesis
S (n=22)
)
=
y
— Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

FIG. 1. PRISMA 2009 flow diagram.

Finally, the neuroinvasive potential of SARS-CoV in humans is
well known.”® >° Notably, SARS-CoV.,% as well as the HIN1
influenza virus,®’ when they are inoculated intranasally, could
spread through a transneuronal route to first- and second-order
structures connected with the olfactory bulb. SARS-CoV-2 is
present in some COVID-19 patients in their cerebrospinal fluid.!
This agrees with previous studies that have found antibodies to
coronaviruses in the cerebrospinal fluid of patients with
Parkinson’s disease,®® suggesting the potential of SARS-CoV-2
for causing parkinsonism. Interestingly, striatal dopaminergic
neurons, microglia, and astrocytes of basal ganglia bear
angiotensin-converting enzyme 2 (ACE-2), the receptor for
SARS-CoV-2,* ** which would create a pathway for the entry
of this virus, affecting these structures.®®

The fact that hyposmia is one of the most prevalent symptoms
of COVID-19 ®® and that the olfactory system is early affected in
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alpha-synucleinopathies might be an intriguing coincidence.®”

However, it is notable that recent studies indicate that
a-synuclein may participate in the innate immune response to

%8 Sadasivan et al.®” demonstrated that multi-

any viral infection.
ple hits by HIN1 infection and exposure to environmental
toxins simultaneously may damage the dopaminergic neurons in
substantia nigra to a greater extent than a single hit by any single
agent. This potentially keeps alive the threat of development of
post-COVID-19 parkinsonism as a delayed and long-term debil-
ity as it was in the pandemic of 1918.777

The basal ganglia is involved in cases of encephalitis following
infection with respiratory pathogens.”® Fishman et al.”* demon-
strated that the murine coronavirus has neurotropic potential and
particular predilection towards the involvement of the basal
ganglia, resulting in extra- and intra-cellular vacuolation, neuro-

nal loss, chronic demyelination and gliosis. As suggested,”* a virus
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performed in the rest

to follow-up; and

dexamethasone

one under

treatment

capable of causing both encephalitis and persistent infection in
several species may be related to post-encephalitic parkinsonism.
A study by Haddadi et al.”® regarding a case of SARS-CoV-2
associated hemorrhagic encephalitis involving the basal ganglia
bilaterally, further supports the affinity of coronaviruses by these
structures. A cross-sectional, retrospective, observational study by
Chougar et al.”® revealed two distinct patterns of brain parenchy-
mal involvement in SARS-CoV-2 infection, including white
matter enhancing lesions and basal ganglia abnormalities. Simi-
larly, SARS-CoV-2 infection has been associated with immune-
mediated acute hemorrhagic encephalopathy involving brainstem
and thalami”’ as well as with vasculopathic or demyelinating pro-
cesses involving bilateral putamina.”®

Recently, both ACE-2 and transmembrane serine protease
2 (TMPRSS2) have been found to be expressed in human cor-
neal epithelium, suggesting that ocular surface cells could also be
a potential viral entry point.”” SARS-CoV-2 could invade the
central nervous system, through vascular or retrograde axonal
pathways, and infect the striatal neurons (Fig. 2).*° From here
onwards, there might be two primary mechanisms through
which the virus may cause movement disorders (Fig. 2). Firstly,
the downregulation of ACE-2 receptors could result in an imbal-
ance of neurotransmitter levels,*' primarily dopamine and nor-
epinephrine (Fig. 2), leading to dopamine deficiency. Secondly,
the virus could cause cellular vacuolation, demyelination, and
gliosis, leading to encephalitis and associated movement disor-
ders (Fig. 2).

Movement disorders are now sparse among COVID-19
patients (Fig. 3). In most cases of neurological complications
associated with SARS-CoV-2 infection, the neural substrates for
movement disorders are spared; in fact, pure cortical, cortico-
subcortical interface and deep white matter involvement pre-
dominates, as evidenced by various imaging-based studies.”® %
8 Furthermore, movement disorders following an infectious-
autoimmune process typically develop after a period of weeks to
months. Hence, there remains a possibility that expected paren-
chymal changes in the brain are just waiting to reach a threshold
level to manifest as delayed movement disorders.*’ On the other
hand, the differential distribution of ACE-2 receptors and its
ancillary protein co-regulators among several brain cell types
may be the cause of more strokes and fewer movement disor-

86
ders.””

Finally, human coronavirus can lie dormant in the leuko-
cytes for a long period and may manifest as delayed or persistent
central nervous system infection, later giving rise to movement

. 87
disorders.

Indeed, immune dysregulation brought about by
SARS-CoV-2 infection®® may lead to neurodegeneration® and
potentially neurodegenerative movement disorders might mani-
fest later. Notwithstanding, movement disorders are being
increasingly documented because of the higher reporting fre-
quency of COVID-19 cases worldwide.

There are some limitations in the current review. Given the
notable asymmetry between the total number of affected cases
and reported cases of de novo movement disorders in COVID-
19, it can be assumed that cases are currently under-reported.
The current review is based on a small number of cases, even
after an extensive search of available literature. Examination
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FIG. 2. Proposed pathogenic pathway for the development of de novo movement disorders in COVID-19.
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FIG. 3. Possible factors responsible for the scarcity of reports of movement disorders in COVID-19.
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performed on in-hospital patients wearing masks, mostly by vid-
eoconferencing, may perhaps explain the limited description of
these conditions. Also, several of the available reports do not
describe the timeline of events in an organized manner, making
interpretation difficult. Laboratory, electroencephalography and
neuroimaging features have also not been mentioned in detail in
a few of the cases. In addition, there is considerable heterogene-
ity in the available data that may be considered a hindrance in
advanced analysis. Finally, we have not included non-English
articles. Despite these shortcomings, the present organized review
will act as a preliminary guide for clinicians while dealing with
movement disorders that appear in the setting of COVID-19.

In closing, only a few case reports have been published
describing mainly patients suffering from myoclonus, parkinson-
ism, tremor, and ataxia. Some cases, mainly those with myoclo-
nus, could be ascribed to medication exposures, metabolic
disturbances, or by severe hypoxia, and others, to a post- or
para-infectious immune-mediated mechanism somehow related
to the inflammatory phase of COVID-19. SARS-CoV-2 could
also invade the central nervous system through vascular or retro-
grade axonal pathways and cause movement disorders. Finally,
although SARS-CoV-2 may cause neurodegeneration, leading
to movement disorders, this link is not yet established. However,
we should closely monitor COVID-19 survivors for the possibil-
ity of post-COVID movement disorders. For now, we must
patiently and vigilantly wait for time to unravel whether “post-
COVID movement disorder” will be an additional entity to add
to the spectrum of movement disorders.
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