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ABSTRACT
The current SARS-CoV-2/COVID-19 pandemic has led to a global health crisis. The clinical spectrum of SARS-CoV-2 infection ranges from
asymptomatic infection to critical illness affecting almost every organ including the central and peripheral nervous systems. Myoclonus,
a less expected and relatively unusual neurological complication, together with ataxia, has lately been associated with SARS-CoV-2
infection. We describe the case of a 67-year-old male patient, admitted to our hospital for interstitial bilateral pneumonia due to SARSCoV-2 infection, who progressively developed general myoclonus and later cerebellar ataxia and gait disturbance. Given the timeline from
COVID-19 systemic symptoms to neurological manifestations and the normal results of extensive and non-conclusive diagnostic work-up
(blood test, lumbar puncture, EEG, cerebral MRI), a para-infectious encephalopathy related to SARS-CoV-2 was contemplated and a high
dose of methylprednisolone was started with prompt symptom improvement.
Further investigation and neuroepidemiological studies are needed to help define the mechanism of neuroinvasion and the entire spectrum
of neurological manifestations of SARS-CoV-2 infection, even in mildly affected patients, in terms of prevention, treatment and possible
neurological sequelae.
LEARNING POINTS
• SARS-CoV-2 infection can be related to neurological symptoms and sequelae.
• Myoclonus, specifically when associated with ataxia, might represent the expression of COVID-19-related encephalopathy.
• Myoclonus associated with SARS-CoV-2 infection mostly responds to treatment with steroids.
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INTRODUCTION
The ongoing outbreak of COVID-19 is an extraordinary threat to global public health [1]. It appears that the entire population is broadly
vulnerable to COVID-19, with adults with an average age of 55 years being mostly affected [2]. The predominant clinical presentation is
respiratory, but nearly every organ system is susceptible to the virus, resulting in several extra-pulmonary manifestations and emerging
compelling neurological complications [3]. Indeed, recent data demonstrate that SARS-CoV-2 infection may affect the central nervous
system (e.g., headache, confusion, pyramidal syndromes, focal neurological deficits, dizziness, cerebellar ataxia, visual disturbance), the
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peripheral nervous system (e.g., impaired eye movement, anosmia and ageusia, trigeminal neuropathy, facial palsy, limb weakness) and
muscle (e.g., myalgia, myasthenic crisis, rhabdomyolysis). These neurological manifestations can occur before, during and even after the
onset of COVID-19 symptoms [4–6]. Generalized myoclonus, a less expected and relatively unusual neurological presentation, has emerged
as a consequence of COVID-19 [7–9].
Here, we report an infrequent case of myoclonus associated with ataxia in moderate SARS-CoV-2 illness, and provide an up-to-date review
of the associated literature.
CASE DESCRIPTION
We present the case of a 67-year-old male patient, known for ischaemic heart disease, permanent atrial fibrillation and ethyltoxic liver disease,
who was admitted to our hospital for interstitial bilateral pneumonia in the context of a positive nasopharyngeal swab sample for SARSCoV-2. The patient received low-flow O2 therapy and dexamethasone for 8 days and progressively recovered from respiratory symptoms.
Initial laboratory determinations showed C-reactive protein 103 mg/l, ferritin 1341 µg/l, LDH 436 U/l and hypertransaminasaemia with ALT
330 U/l. The rest of biochemistry parameters were normal (Table 1), including the dosage of carbohydrate-deficient transferrin.
Eleven days after the first appearance of respiratory and systemic symptoms (fever, dyspnoea and cough, without anosmia or dysgeusia), the
patient progressively developed gait disturbance and disabling and diffuse tremors, requiring a new hospitalization.
Clinically, we observed a mild dysarthria, voice, head and postural tremors, multifocal myoclonic jerks, partially action and stimulus induced,
over the limbs, the trunk and the face, which were chaotic, sometimes synchronized and of variable duration, together with limb hypotonus,
ocular saccadic movement, gait instability, dysmetria of limbs and postural and gait ataxia. No cloudiness of consciousness, pyramidal or
extrapyramidal signs, focal neurological deficits or sensorimotor deficits were noticed during the neurological examination.
Investigations, differential diagnoses and treatment
Several differential diagnoses were considered. The initial presentation was mild and was considered to be a side effect of dexamethasone
therapy. As the clinical picture worsened over days, alternative possible diagnoses were considered, including essential tremor, for which
the patient received propranolol, and delirium tremens in the context of alcohol withdrawal, treated with oxazepam and vitamin B1
supplementation, without amelioration. Drug-induced myoclonus was excluded considering the absence of favouring medications, such as
antipsychotics and anti-depressants, opioids and NMDA agonists. A functional disorder was ruled out after repetitive observations and a
psychiatric evaluation.
A broad diagnostic work-up was performed. Contrast cerebral MRI with T2* and DWI sequences showed the absence of acute stroke
or microbleeds or a contrast-enhanced lesion in the context of mild cortical atrophy and moderate and diffuse leukoencephalopathy. An
extensive biochemical assay revealed normal electrolytes, renal, thyroid and parathyroid function, and negative serology for HIV, Borrelia
burgdorferi and Treponema pallidum (Table 1). Cerebrospinal fluid analysis revealed negative SARS-CoV-2 PCR-RT and the absence of
pleocytosis, hyperproteinorrachia and intrathecal synthesis. The serological and cerebrospinal search for onconeural antibodies was
negative. EEG was performed and resulted normal, without evidence of triphasic waves or epileptic abnormalities.
We hypothesized a para-infectious encephalopathy related to SARS-CoV-2, given the timeline of neurological presentation, corresponding
to the resolution of the inflammatory phase of COVID-19 infection, and the absence of other possible explanations (metabolic, iatrogenic
or hypoxic). Therefore, we started a therapeutic trial with high-dose intravenous methylprednisolone (1 g for 5 days), followed by a tapering
dose of prednisone for 10 days, and initiated symptomatic treatment with clonazepam and levetiracetam. Myoclonic tremor, ataxia and gait
instability improved within 14 days of high-dose steroid treatment, with no clinical relapses.
DISCUSSION
We have described a case of subacute generalized myoclonus associated with ataxia, which was sensitive to high-dose steroids, presumably
due to inflammatory encephalopathy related to COVID-19.
In contrast with other case reports and clinical series of steroid-sensitive encephalopathy, cited in the most recent literature, our patient did
not present any alteration of vigilance and did not need intensive care support, but similarly to the cases previously described, no structural
abnormality on brain MRI was found and no evidence of SARS-CoV-2 presence in the CSF sample was observed, possibly as a result of
transient or undetectable virus in the CSF [10, 11].
The respiratory manifestations of SARS-CoV-2 are well documented and known, but most recently, neurological complications are being
increasingly recognized, reported in both mild and severe cases of COVID-19, which appear to be protean and range from alteration of
consciousness to myoclonus, with a low incidence of more severe neurological sequelae [5, 6, 8].
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Imaging

Basic laboratory findings on arrival
White cell count per mm

3.3

Platelet count per mm

238

Haemoglobin, g/l

14.5

Lactate dehydrogenase, U/l

435

Creatinine kinase, U/l

87

C-reactive protein, mg/l

103

Serum ferritin ng/ml

1341

D-dimer, ng/ml

Negative (<150 ng/ml)

Blood ions (Na, Cl, K, Ca, Mg, P)

Normal

Creatinine, µmol/l

70

Urea mmol/l

5.5

Thyroid function

Normal

Serologies

HIV, Borrelia burgdorferi
and syphilis negative

3

3

Brain MRI scan (with or without
gadolinium)

Cortical atrophy without
specific pattern and
moderate diffuse
leukoencephalopathy

Chest CT scan

Bilateral peripheral
infiltrates

EEG

Normal

Medication
Previous chronic medication

Rivaroxaban
Atenolol
Amlodipine
Torasemide
Allopurinol
Simvastatin
Zolpidem

CSF analyses
Basic biochemistry and white cell
count in CSF

Normal

COVID-19 PCR, IgG, IgM

Negative

Onconeural antibodies (liquor and
serum)

Negative

Table 1. Investigation results

Neurological features of SARS-CoV-2 infection mostly manifest within 3 weeks from respiratory or systemic symptom onset, are multifactorial
and attributed (a) to the virus neurotropism, accomplished by vascular, transcribrial and/or neuronal retrograde dissemination, (b) to an
autoimmune response, by means of molecular mimicry and cytokine storming, and finally (c) to multiorgan dysfunction, through mainly
cardiorespiratory and metabolic impairment [4–6].
Neurotropism of SARS-CoV-2 is supported by the high prevalence of ageusia and anosmia, often the presenting symptoms of the disease,
and the widespread expression of the ACE-2 receptor in the central nervous system, mainly in thalamic nuclei, cerebellum and inferior
olivary nuclei, surprisingly with a paucity of reported cases of movement disorders [4, 12, 13].
Myoclonus is a frequently observed hyperkinetic movement disorder, defined as a sudden, lightening-like muscle jerk due to a plethora of
aetiologies and pathophysiological mechanisms [14]. Myoclonus observed in patients with COVID-19 may reflect a combination of multiple
contributing factors, including metabolic derangement, hypoxia, medication toxicity, and direct or para-infectious complications [7–9, 15].
We have described a moderately affected SARS-CoV-2 patient presenting with subacute, progressive cortical-subcortical myoclonus
(unfortunately not better characterized by EMG) and cerebellar impairment, which ameliorated within 2 weeks of high doses of pulse
corticosteroids, clonazepam and levetiracetam.
We searched in PubMed and the Cochrane Library using the terms ‘myoclonus’, ‘ataxia’ and ‘COVID-19’ or ‘SARS-CoV-2’ and found six
clinical cases reported in the literature (Table 2). All published cases involved male patients, as in our case, presenting a mean time of onset of
myoclonus and ataxia after the first manifestations of COVID-19 of 18 days (SD ±10.4) and a mean age of 53.2 years (SD ±10.6). Moreover,
all of the patients underwent brain MRI, with no significant pathological findings reported, but did not undergo an EEG, in contrast to our
patient, in whom it was normal [7–9, 16]. Four of the six patients described in the literature received intravenous immunoglobulin and/or
steroids with clinical improvement.
It should be noted that, differently from the cases reported in literature until now, our patient was older and moderately affected by SARSCoV-2 respiratory manifestations, presenting with a slowly progressive neurological syndrome which was promptly sensitive to steroids.
In our case, just like the majority of previously described reports, the timing of neurological presentation, the rate of clinical progression, the
positive response to anti-inflammatory agents and the absence of clinical recurrence after interruption of steroid therapy, suggest a likely
inflammatory-mediated para-infectious or post-infectious mechanism (Table 2).
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2

3

4

5

6
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Report

1

No.
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67

48

44

48

72

44

63

Age
(years)

M

M

M

M

M

M

M

Sex

2 Weeks

17 Days

13 Days

2 Weeks

13 Days

10 Days

Ocular flutter
Myoclonic jerks sensitive to
tactile and auditory stimuli of
the four limbs, trunk and face
Cerebellar syndrome involving
the four limbs
Mild neurocognitive symptoms
Insomnia
Myoclonic jerks sensitive to
stimulus of the four limbs
Cerebellar syndrome with ataxic
dysarthria
Myoclonic jerks of the four
limbs, trunk and face (not
stimulus sensitive)
Cerebellar syndrome involving
the four limbs
Ocular flutter
Myoclonic jerks sensitive to
stimulation involving the face,
arms and trunk
Ataxic gait
Attention and memory deficits
Insomnia
Myoclonic jerks of the four
limbs, trunk and face (not
stimulus sensitive)
Cerebellar syndrome involving
the four limbs

Myoclonic jerks sensitive to
stimulation involving the four
limbs
Ataxic gait

Fever, anosmia

Fever,
headache,
minimal cough

Fever,
cough,
dyspnoea

Not available

Not available

Not available

Not available

6 Weeks

Neurological symptoms

Timing of onset
of myoclonus and
ataxia after the first
manifestations of
COVID-19[Q10]

Action myoclonus sensitive to
stimulation involving the face,
four limbs and trunk
Static and kinetic cerebellar
syndrome involving the four
limbs with ataxic dysarthria

Presenting
symptoms
of COVID-19

Steroids then
levetiracetam

Levetiracetam

Steroids then
intravenous
immunoglobulin

Levetiracetam

Intravenous
immunoglobulin
then steroids

Steroids then
intravenous
immunoglobulin

Intravenous
immunoglobulin

Medications for
myoclonus
and ataxia

Normal

Normal

Cerebral MRI
shows cortical
atrophy without
specific pattern and
moderate diffuse
leukoencephalopathy

Normal

Normal

Normal

Normal

Normal

CSF

Cerebral MRI normal

Cerebral MRI normal

Cerebral MRI normal

Cerebral MRI normal

Cerebral MRI normal

Cerebral MRI normal

Brain imaging

Normal

Not available

Not available

Not available

Not available

Not available

Not available

EEG
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Several differential diagnoses were taken into account before deciding on a clinical reversible scenario probably related to SAR-CoV-2
infection.
An extensive and normal laboratory and instrumental evaluation excluded potential structural or metabolic causes for our clinical
presentation. Delirium tremens was ruled out by the progression of myoclonus, the absence of sudden anamnestic alcohol cessation
and the clinical absence of other supporting features (fluctuation of attention, dysautonomic failure, sleep-wake disturbances and/or
hallucinations). Essential tremor was dismissed because there was no previous history of familial tremor, combined with the lack of response
to betablocker and the absence of provocative factors. Finally, a psychogenic disorder was excluded given the presence of objective and nonimitable neurological signs (e.g., hypotonia with Holmes signs) and the shortage of supporting clinical hallmarks (e.g., lack of inconsistency
and suggestibility during neurological examination).
CONCLUSIONS
The mechanism underlying the now evident neuroinvolvement of SARS-CoV-2 is yet not fully understood and further research is essential
to help prevent and treat possible neurological sequelae.
By now, emerging and increasingly plentiful clinical data are pointing to a possible relationship between movement disorders and SARSCoV-2 infection, even in moderately affected patients, revealing a wide range of possible manifestations of inflammatory encephalopathy
related to COVID-19 that the clinician should bear in mind in the management of these patients.
Neuroepidemiological studies and international registries are needed to help define the full neurological spectrum of SARS-CoV-2 disease
and its possible clinical burden, even in mildly affected patients, considering the possible neurodegenerative sequelae of virus exposure.
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