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We report the case of a 12-years-old patient who subacutely developed a positive and negative myoclonus of
limbs and face, drowsiness and memory deficits after getting infected by SARS-CoV-2. On admission, nasopha-
ryngeal swab for SARS-CoV-2, brain and spinal MRI with and without contrast, EEG, chest X-ray and abdominal
ultrasound were negative. CSF physical-chemical examination, culture, PCR testing for SARS-CoV-2 and other

pathogens, and oligoclonal IgG bands were negative as well. A full panel blood test, including clotting, auto-
immunity and paraneoplastic blood studies, did not show any alteration. The neuropsychological examination
showed an impairment in memory, visual-motor coordination, inductive reasoning skills, attention, and con-
centration. The patient was first treated with clonazepam and then with intravenous methylprednisolone for five
days, with poor response. For this reason, he then received a cycle of IVIG, thus reaching a gradual and complete
recovery. To date, this is the first case of a COVID-19 associated myoclonus affecting a paediatric patient.

1. Introduction

The coronavirus disease (COVID-19), due to SARS-CoV-2, was first
identified in December 2019 and, since then, has gradually spread
throughout the word. Although COVID-19 is mainly a respiratory dis-
ease, up to 73% of patients present with neurological symptoms,
including anosmia, hypogeusia/ageusia, cerebrovascular events, en-
cephalopathy, meningoencephalitis, seizures, cerebellar ataxia, poly-
radiculopathy, myopathy, myelitis, and myoclonus [1]. Myoclonus is an
abrupt, involuntary, and brief muscle jerk, which is caused by the sud-
den contraction of a muscle group (positive myoclonus), or by the
sudden discontinuation of the muscle activity (negative myoclonus).
Although rare, infections are recognised to be a possible cause of this
manifestation [2]. In the context of COVID-19, there are several reported
cases of myoclonus in the adult population, occurring either as the
consequence of the ongoing infection, or as post-infectious syndrome [1,
3]. However, no cases of COVID-19 related myoclonus have been
described in the paediatric population, although there are cases of
post-infectious myoclonus in children [4].

We present, as far as we know, the first case of a neuropsychiatric

syndrome including myoclonus in a child with a previous COVID-19
infection.

2. Case presentation

We describe the case of a 12-year-old previously healthy boy, who
developed a neuropsychiatric syndrome after COVID-19 infection. At
the beginning of February 2021, for the occurrence of persistent fatigue
the patient presented to the paediatric hospital, where he received the
diagnosis of paucisymptomatic COVID-19 through a positive SARS-CoV-
2 RT-PCR testing. The boy was therefore hospitalised for 3 days, and
during the course of infection he didn’t develop fever and respiratory
symptoms. However, he exhibited a mild anxiety, memory deficits,
dysarthria (slurred and slow speech) and sporadic positive myoclonus
involving the axial muscles and limbs, with a left sided predominance.
These movements interfered with finalised movements, such as writing.
In the light of these symptoms, he underwent a brain CT scan and
electroencephalogram (EEG), which didn’t show any alteration, and
therefore neurologic manifestations were explained as anxiety-related
disorders. During his short hospitalisation, he also carried out routine
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blood exams and abdominal ultrasound, which resulted negative.

About a month later, given that the pre-existing symptoms were
increasing, he was admitted to the Neurology Division. On admission,
nasopharyngeal swab RT-PCR testing for SARS-CoV-2 was negative.
Vital signs and physical examination were normal. At the neurological
exam, he appeared drowsy. Pupillary reflexes and cranial nerves were
normal. Deep tendon reflexes were overly evoked, bilateral foot clonus
was present, Babinski sign was bilaterally negative. Segmental strength
of the four limbs was preserved. However, the patient presented diffuse
involuntary jerky movements, without opsoclonus. Myoclonus occurred
both spontaneously and after tactile stimuli, especially on proximal limb
muscles (Video 1) and on the face. His gait was hindered by his invol-
untary movements. He complained of severe asthenia, memory issues
and difficulty in recognising familiar faces. Brain and spine magnetic
resonance imaging (MRI) with and without contrast was unremarkable.
Awake and sleep EEG showed a normal electrical brain activity, in the
absence of epileptic anomalies during the occurrence of the involuntary
movements.

Supplementary material related to this article can be found online at
doi:10.1016/j.clineuro.2022.107121.

The patient’s intellectual function was extensively assessed via
clinical observations, psychological interviews, and multiple neuropsy-
chological examinations. Involuntary movements, more prevalent on
the left side, were frequently observed over the course of the tests (Video
2). He was cooperative and available for the interview, his language
comprehension and expression were good, despite attention and con-
centration were deficient. The patient mostly displayed low mood,
apathy, reduced emotional intensity and minimal expressiveness. He
also exhibited high insecurity and anxiety, requiring constant reassur-
ance while performing the required tasks and tests. Intellectual ability
was measured through WISC-IV test, which showed an inhomogeneous
cognitive profile: Verbal Comprehension (VC) Index was 95, Perceptual
Reasoning (PR) Index was 56, Working Memory (WM) Index was 70,
and Processing Speed (PS) Index was 47, resulting in Full Scale IQ of 58
(extremely low). As shown in Table 1, IQ was affected by a performance
drop in PS and PR tests. Higher scores were achieved in Similarities (sc
= 9) and Comprehension (sc = 10) subtests, which reflected a good
comprehension of social rules and sufficient abilities in the verbal
reasoning area. Lower scores were reached in Coding (sc = 1), Matrix
Reasoning (sc = 1) and Symbol Search (sc = 1) subtests, thus indicating
an impairment in visual-motor coordination, inductive reasoning skills,
attention, and concentration. In fact, there was a significant discrepancy
between General Ability Index (equal to 73) and Cognitive Proficiency
Index (equal to 48), that may be caused by a deficit of executive func-
tions. Non-verbal cognitive abilities were measured through Leiter-3
test, that showed a borderline score for non-verbal memory (sc = 76),
and a low score for processing speed (sc = 66). Memory was furtherly
assessed via BVN battery, a set of neuropsychological tests validated for
Italian children, which showed an impairment of free recall, immediate
and delayed memory.

Supplementary material related to this article can be found online at
doi:10.1016/j.clineuro.2022.107121.

The patient also underwent a full panel of laboratory tests. Complete
blood count, electrolytes, glucose, renal and hepatic function tests, in-
flammatory markers and tox screen were normal. Physical-chemical
examination of CSF (Cerebrospinal fluid) was completely normal and

Table 1

WISC-IV scores.
Subscales Sum of weighted scores Indexes/IQ
Verbal Comprehension (VC) 27 95
Perceptual Reasoning (PR) 10 56
Working Memory (WM) 10 70
Processing Speed (PS) 2 47
Total (IQ) 49 51
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no bacterial exoantigens (N. meningitidis A, N. meningitidis C, N.
meningitidis B/E.Coli K1, N. meningitidis Y/W135, H. Influenzae type B,
S. pneumoniae and Group B Streptococcus) were detected. Also, Multi-
plex PCR tests (FilmArray) for virus (SARS-CoV-2, Cytomegalovirus,
Enterovirus, Herpes simplex 1-2, Human herpesvirus 6, Human par-
echovirus) and bacteria (E. Coli K1, H. Influenzae, L. monocytogenes, N.
meningitidis, S. agalactiae and S. pneumoniae) were negative. CSF oli-
goclonal bands were absent, and IgG, IgA, IgM, albumin, and Link index
were within normal range.

Serological antibodies and blood RT-PCR (FilmArray) for other in-
fectious diseases (Toxoplasma Gondii, Rubella, Adenovirus, Human
Herpes virus 1-2-6, Epstein-Barr virus, Cytomegalovirus, Parvovirus
B19, Mycoplasma Pneumoniae, Chlamydia Pneumoniae), anti-
streptolysin O test and throat swab for virus and bacteria were negative.

Neuronal Surface Antibodies (NMDAr IgG, anti-LGI, anti-CASPR2,
anti-GABA b receptor, anti-GluR1/AMPAR]1, anti-GluR2/AMPAR?2) for
the screening of potential neurological autoimmune diseases, were
negative (analysed at the Neuroimmunology Laboratory of the IRCCS
National Neurological Institute C. Mondino Foundation in Pavia, Italy).

Furthermore, onconeural antibodies with intracellular and extra-
cellular targets (anti-amphiphysin, anti-CV2/CRMP5, anti-Hu, anti-
Mal, anti-Ma2, anti-recoverin, anti-Ri, anti-Yo, ANNA-1, ANNA-2,
ANNA-3, anti-VGKC-related proteins, anti-mGluR1, anti-Tr, anti-Zic4,
PCA-1, PCA-2, anti-SOX1, anti-titin, AGNA-1, anti-ganglionic Ach R,
anti-GADG65, anti-muscle AchR, anti-VGCC, anti-VGKC, anti-mGluR1,
and anti-NMDA, striational antibodies) were negative, thus excluding
paraneoplastic neurological syndromes.

Coagulation disorders were also ruled out since first level (PT, aPTT,
INR, antithrombin, Clauss fibrinogen, D-dimer), second level (Protein C,
Protein S, Activated Protein C Resistance V, homocysteine) and third
level clotting tests, including Lupus Anticoagulant dRVVT and Silica
Clotting Time tests, Antiphospholipid Antibody Syndrome screening
tests (anti-cardiolipin IgG and IgM, anti-b2 beta2-glycoprotein IgG and
IgM, anti-prothrombin IgG and IgM), the dosage of FVIIIL, FIX and FXI
levels, the determination of DNA FII (20210A > G) and DNA FV (1691G
> A) via Real Time PCR and a qualitative in vitro diagnostic genotyping
test for the detection of Factor II and Factor V mutations (Xpert HemosIL
Factor II & Factor V Assay) were all within normal range.

Chest X-ray, abdominal and testicular ultrasound were normal as
well.

For generalised myoclonus, a symptomatic treatment with clonaze-
pam (0,02 mg/kg/day) was introduced, without clinical improvement.
Therefore, clonazepam was discontinued and replaced by intravenous
methylprednisolone (10 mg/kg/day) for five days, then followed by a
prolonged oral prednisone taper. In the light of the poor response, at the
end of the intravenous steroid therapy, a cycle of five days of intrave-
nous immunoglobulin (IVIG) was started (0.4 g/kg/day), with a
consequent progressive reduction of his involuntary movements (Video
3) and an evident improvement of cognitive performances too.

Supplementary material related to this article can be found online at
doi:10.1016/j.clineuro.2022.107121.

During the two weeks of hospitalisation, several cognitive and psy-
chodiagnostics tests were administered, which revealed a gradual
improvement in motor and cognitive functions. However, a generalised
anxiety disorder and a mild attentional and memory deficit (BNV bat-
tery, Leiter-3 test) were still persistent at the time of hospital discharge.

A further neuropsychological evaluation, made one month after the
beginning of the second hospitalisation, showed a full recovery of motor
functions and an additional improvement of anxiety symptoms, con-
centration, attention and memory.

3. Discussion
Myoclonus in the context of COVID-19 has been increasingly re-

ported in the adult population since SARS-CoV-2 infection has gradually
spread worldwide [3]. Among paediatric patients, no cases of COVID-19
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related myoclonus have been reported so far, nevertheless viral in-
fections have been recognised to be rare, but possible, triggers for this
neurological symptom [4].

In the present case, a large number of diagnostic procedures have
been conducted in order to rule out other causes of myoclonus. Anti-
neuronal antibody testing, as well as brain and spinal MRI, EEG,
blood, and CSF exams were negative.

As regards to the onset of neurological manifestations, among adult
population, the onset of a COVID-19 related myoclonus always occurred
after the appearance of the symptoms of infections, with a latency period
varying from 7 to 48 days, and with generally unremarkable CSF, MRI
and CT findings. Moreover, in these patients, myoclonus is mostly
generalised, spontaneous and stimulus induced [3].

However, in the present case, we were not able to reconstruct the
precise timeline of symptoms, and therefore the exact time span between
the beginning of infection and the onset of neurologic symptoms since
we cannot know precisely when the patient has been infected by SARS-
CoV-2. Furthermore, the first positive RT-PCR testing was performed for
the occurrence of persistent fatigue and, given that the clinical course of
COVID-19 in our patient was paucisymptomatic, it is very difficult to
clinically determine the beginning of the infection.

In our report, the patient also experienced concomitant cognitive
deficits and psychiatric changes, which have been also reported in about
the 30% of adults with post-COVID-19 myoclonus [3].

Regarding therapeutic approaches, anti-epileptic drugs are widely
used, including levetiracetam, clonazepam, valproic acid, and pri-
midone [3]. Immune-therapy is reserved to post-infectious and
immune-mediated myoclonus, and involves the use of intravenous
methylprednisolone, IVIG and plasmapheresis [3]. Although we don’t
have data on paediatric patients, we can affirm that the time needed to
reach a full recovery in our patient is consistent with the one reported in
the adult population (1-60 days) [3].

The underlying pathogenic pathways involved in post-COVID-19
myoclonus may be different. The direct invasion of the Central Ner-
vous System (CNS) by SARS-CoV-2 is possible, even if just in a few cases
the virus has been directly detected in CSF and brain [1]. In the context
of a severe form of COVID-19, the massive release of cytokines and
metabolic derangements, also play a role in CNS involvement. A severe
hypoxia may be the cause of myoclonus too [1,3,5]. Furthermore, it
cannot be excluded that a prolonged and paucisymptomatic hypoxia,
that is common in this infection, may trigger myoclonus [5]. Finally, as
in our and other reports, some cases of myoclonus occur in the apparent
absence of a secondary aetiology, and these cases are therefore consid-
ered to be immune-mediated and post-infectious disorders. The occur-
rence of other post-infectious syndromes after COVID-19, such as acute
disseminated encephalomyelitis, help to furtherly corroborate the hy-
pothesis that post-COVID-19 myoclonus could recognise an
immune-mediated mechanism [1,3,5].

In the present case, we assumed myoclonus to be post-infectious,
both for the timing of appearance of this manifestation (consistent
with the adult population [3]) and for the lack of evidence of an ongoing
infection sustained by SARS-CoV-2. However, given that the temporal
association between the two events is not sufficient to establish if this is
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a COVID-19 related disorder, we extensively investigated to find other
possible causes of myoclonus, without any evidence of other underlying
disorders.

Another factor in favour of our hypothesis is that the use of IVIG has
proven to be promptly effective, determining a clear clinical improve-
ment right after the end of the five-days cycle. However, it is quite
difficult to understand if the patient has partially recovered thanks to
IVIG or if his improvement is simply related to the natural course of the
disease over time.

We believe that our report is important because it increases knowl-
edge about neurological complications of COVID-19. Although the pa-
tient’s improvement may have represented the natural course of the
disease, it may suggest that IVIG should be considered as a therapeutic
approach in other patients with similar post-COVID findings. Moreover,
it underlines the possible effectiveness of IVIG as a valid alternative to
corticosteroid treatment. However, we recognise that the main limita-
tion in our report is the lack of serological and CSF tests to see what sort
of immune response the patient had raised against SARS-CoV-2. Another
limitation is the unavailability of polymyography.

4. Conclusions

With this case we want to emphasise that neurological complications
related to COVID-19 also occur in paediatric population. Despite post-
COVID-19 myoclonus is considered to be a self-limited manifestation
in adults, data on paediatric population are still limited. Further studies
are needed to better define the neurological and neuropsychiatric
complications involving children in the context of COVID-19.
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