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A B S T R A C T   

Movement disorders are extremely rare in acute disseminated encephalomyelitis (ADEM) and in the novel severe 
acute respiratory syndrome coronavirus (SARS-CoV-2) infection. We herein report a 34-years-old previously 
healthy woman who presented with a febrile illness and a constellation of movement disorders (predominantly 
myoclonus) followed by encephalopathy. After exclusion of common infectious, autoimmune and paraneoplastic 
etiologies, she was diagnosed to have COVID-19 induced ADEM, which responded to intravenous methylpred-
nisolone and intravenous immunoglobulin. Our case adds to the tally of cases of post-SARS-CoV-2 infection 
related movement disorders and to the exceedingly rare list of cases in which movement disorders preceded 
ADEM.   

1. Introduction 

Acute disseminated encephalomyelitis (ADEM) is a serious autoim-
mune demyelinating disorder of the central nervous system (CNS) that 
often occurs post infectiously (Pohl et al., 2016). Multifocal neurological 
deficits, headache and encephalopathy usually constitute the clinical 
spectrum of ADEM (Pohl et al., 2016). Magnetic resonance imaging 
(MRI) typically demonstrates acute, ill-defined, multifocal and revers-
ible white matter lesions with frequent involvement of basal ganglia, 
thalamus, brainstem and rarely of the spinal cord.1 Early immuno-
therapy is the cornerstone of treatment (Pohl et al., 2016). 

Movement disorders are extremely rare in acute disseminated 
encephalomyelitis (ADEM) (Ha and Sue, 2010; Kabakus et al., 2006; 
Mehanna and Jankovic, 2013; Park et al., 2016), as well as in the novel 
severe acute respiratory syndrome coronavirus (SARS-CoV-2) infection 
(Ghosh et al., 2021; Roy et al., 2021) and have not been reported in the 
few published cases of the coronavirus infectious disease of 2019 
(COVID-19) induced ADEM (de Miranda Henriques-Souza et al., 2021; 
Novi et al., 2020; Parsons et al., 2020). 

We herein report the case of a previously healthy woman who pre-
sented with a constellation of movement disorders (predominantly 
myoclonus) followed by encephalopathy. After exclusion of common 

infectious, autoimmune and paraneoplastic causes, she was diagnosed as 
a case of COVID-19 induced ADEM, which responded to immunomod-
ulatory therapies. 

2. Case report 

A 34-years-old, previously healthy Asian-Indian woman was 
admitted to the emergency department with sudden onset generalized 
jerky movements involving all limbs and face, tremulousness and gait 
unsteadiness. Her past medical history was unremarkable. She was 
suffering from fever since last eight days along with severe body-ache, 
anorexia, weakness, headache, and decreased taste sensation. Three 
days prior to admission, she developed head tremor, abnormal jerk-like 
movements involving four limbs (mainly in upper limbs), and a ten-
dency to sway around while walking. Her headache worsened day by 
day. Patient's caregivers also noticed occasional inappropriate and 
exaggerated startle responses to apparently normal external sounds and 
often to tactile stimulus. The patient's nasopharyngeal and oropharyn-
geal swab tests for SARS-CoV-2 by qualitative real-time reverse-tran-
scriptase–polymerase chain-reaction (RT-PCR) were positive. On 
physical examination, she was fully awake, conscious, and normoten-
sive. Respiratory rate and room-air oxygen saturation were normal. 
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Neurological examination revealed the presence of myoclonus (at rest, 
action-induced, and stimulus sensitive) involving all limbs and face, 
which was likely to be associated with tremor (postural and kinetic more 
than rest) and gait ataxia with intact cognitive functions. She was pre-
scribed ivermectin (12 mg/d), doxycycline (200 mg/day), acetamino-
phen (650 mg on “as and when needed” basis) and other supportive 
therapies as well as clonazepam (1 mg/d) for myoclonus and propran-
olol (80 mg/d) for tremor. None of the symptoms improved; in fact, her 
headache worsened and gradually she became lethargic, mute and un-
responsive to external stimuli over the next three days. 

Clinical history and examination initially yielded multiple differen-
tial diagnoses including metabolic encephalopathy, viral encephalitis, 
post-infective autoimmune encephalitis, post-infective ADEM, meta-
bolic encephalopathy, non-convulsive status epilepticus and 
neurolupus. 

Metabolic encephalopathy was ruled out as complete blood cell 
count, thyroid, liver and kidney functions, electrolytes, arterial blood 
gas analysis, and HbA1C were normal. In addition, she never had an 
episode of hypoxia or brady-arrhythmia. Brain MRI revealed multifocal 
non-enhancing asymmetrical hyperintense signal changes on T2- 
weighted and fluid attenuated inversion recovery (FLAIR)-weighted 
images in both fronto-parieto-occipital subcortical regions, extending up 
to calloso-septal junction (right more than left), bilateral thalami, red 
nuclei and basis pontis of brainstem, without diffusion restriction or 
mass effect, suggestive of acute demyelination (Fig. 1). MRI of the spine 
and orbits were normal. Cerebrospinal fluid (CSF) analyses were 

otherwise unremarkable, but showed mildly raised protein and lym-
phocytic pleocytosis (89 mg/dL, cells 9/μl, all lymphocytes), as well as 
raised intrathecal IgG synthesis. An electroencephalogram ruled out 
possibility of ongoing non-convulsive status epilepticus. 

Differential diagnoses based upon clinic-radiological evidences 
included post-infective ADEM, post-infective autoimmune encephalitis, 
AQP-4-antibody-positive astrocytopathy, myelin oligodendrocyte 
glycoprotein (MOG)-antibody-positive inflammatory demyelinating 
disease, neurolupus, and CNS vasculitis. CSF and paired sera were tested 
for relevant viral (including HIV), bacterial and parasitic infections, 
tuberculosis as well as paraneoplastic encephalitis; all results were 
negative. The autoimmune encephalitis panel (CSF and serum) were 
negative including anti-thyroid antibodies. Paired sera for MOG IgG and 
AQP-4 antibodies were also negative. Connective tissue diseases and 
vasculitis panel were also unremarkable. The acute onset of presentation 
after an episode of a viral illness (i.e., SARS-CoV-2 infection), neuro-
imaging findings and the absence of previous neurological symptoms 
pointed towards a diagnosis of COVID-19 induced ADEM. She was then 
put on high dose intravenous methylprednisolone (1 g/day for five 
consecutive days) on 16th day after admission. After five days of therapy 
with methylprednisolone, there was a significant improvement of the 
consciousness, but the movement disorders persisted, particularly upper 
limbs and orofacial myoclonus. She was then treated with intravenous 
immunoglobulin 0.4 g/kg/day for five days (on 22nd day of admission). 
The myoclonus and the gait ataxia improved significantly over the 
succeeding days. In fact, clonazepam and propranolol were stopped 

Fig. 1. Brain MRI revealing multifocal, 
asymmetrical hyperintense signal changes 
on axial-T2-weighted (A and C), coronal T2- 
weighted (D), and T2- FLAIR-weighted (B) 
images, in both fronto-parieto-occipital 
subcortical regions, extending up to calloso- 
septal junction (right> left), bilateral 
thalami, red nuclei and basis pontis of 
brainstem (all marked by yellow arrows), 
suggestive of acute demyelination. (For 
interpretation of the references to colour in 
this figure legend, the reader is referred to 
the web version of this article.)   

R. Ghosh et al.                                                                                                                                                                                                                                  



Journal of Neuroimmunology 358 (2021) 577655

3

gradually within one month. After two months of follow-up, the patient 
was asymptomatic and neurological examination was normal. MRI of 
the brain after three months of follow-up revealed marked resolution of 
previous lesions and absence of new lesions. 

3. Discussion 

ADEM is an autoimmune monophasic multifocal demyelinating 
disorder of the central nervous system, which is frequently associated 
with preceding viral infections (Pohl et al., 2016). In recent times, 
though rarely, SARS-CoV-2 infection has been linked to development of 
ADEM both in adult and pediatric patients (de Miranda Henriques-Souza 
et al., 2021; Novi et al., 2020; Parsons et al., 2020). Pathogenetic 
mechanisms for the development of ADEM following SARS-CoV-2 
infection may be either mediated by direct neurotropism or by aber-
rant immune mediated injury, the latter being the most likely (de 
Miranda Henriques-Souza et al., 2021; Ghosh et al., 2020; Novi et al., 
2020; Parsons et al., 2020; Roy et al., 2021). 

Movement disorders, as a presenting manifestation of ADEM, are 
extremely rare and more so in adults (Ha and Sue, 2010; Kabakus et al., 
2006; Mehanna and Jankovic, 2013; Park et al., 2016). Whether a case 
of ADEM will develop movement disorders or not, will certainly depend 
upon involvement of areas of brain that control movements (basal 
ganglia and its connections). Specifically, ataxia, myoclonus, dystonia, 
chorea and tremor have been reported in ADEM (Ha and Sue, 2010; 
Kabakus et al., 2006; Mehanna and Jankovic, 2013; Park et al., 2016). 
On the other hand, movement disorders are sparsely reported in SARS- 
CoV-2 infection. (Ghosh et al., 2021; Ghosh et al., 2021; Rábano-Suárez 
et al., 2020; Roy et al., 2021). The most commonly movement disorders 
reported in COVID-19 have been different types of myoclonus, followed 
by opsoclonus, ataxia, hypokinetic-rigid syndrome and tremor. (Roy 
et al., 2021; Ghosh et al., 2021) However, some of the previously re-
ported cases, primarily those with myoclonus, could be ascribed to 
medication exposures, metabolic disturbances or severe hypoxia, 
meanwhile others to a post-or para-infectious immune-mediated 
mechanism.(Rábano-Suárez et al., 2020; Roy et al., 2021; Ghosh et al., 
2021) 

Neurological manifestations of COVID-19 have attracted attention 
among neurologists across the world.(Roy et al., 2021) Our case adds to 
the tally of novel cases of post-SARS-CoV-2 infection related neurolog-
ical manifestations as well as to the exceedingly rare list of cases in 
whom a cocktail of complex movement disorders preceded ADEM. 
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