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Key Points

1 We report a child with multisystem inflammatory syndrome in

children (MIS-C) who developed chorea and neuropsychiatric

behaviour disturbance as a result of brainstem encephalitis.

2 If a child develops signs or symptoms suggestive of MIS-C, the

presence of SARS-CoV-2 antibodies supports such a diagnosis.

3 Early diagnosis and prompt treatment with IVIG and aggressive

steroid therapy can help manage severe complications related

to MIS-C.

COVID-19 infection, caused by SARS-CoV-2 virus, is largely a

non-severe disease in children. Since mid-2020, numerous post-

COVID-19 paediatric cases are reported presenting with abnor-

mally enhanced immune system response, interchangeably ter-

med as multisystem inflammatory syndrome in children (MIS-

C)1 or paediatric inflammatory multisystem syndrome temporally

associated with SARS-CoV-2 (PIMS-TS). Here we report a case of

MIS-C complicated by brainstem encephalitis in a 10-year-old

child who presented with persistent fever, generalised tonic–

clonic convulsions and later developed orofacial dyskinesia,

tremor, ptosis, choreoathetoid movements and neuropsychiatric

manifestations.

Case Report

A 10-year-old Indian boy from West Bengal presented with fever

with generalised erythematous rash for 4 days, altered sensorium

for 2 days and repeated convulsions, starting 12 hours earlier.

Fever was gradual-onset, intermittent and progressive, accompa-

nied by intermittent non-specific headache without skin excoria-

tion, red eyes or oral lesions. The convulsions were initially focal,

involving the upper limbs only, later progressing to generalised

seizures with upward rolling of the eyeballs, tongue-biting and

post-ictal confusion between episodes. Eighteen days previously,

he had 3 days of low-grade fever responsive to anti-pyretic medi-

cations, after which he was asymptomatic for 10 days.

Neurological examination showed paediatric Glasgow Coma

Scale (pGCS) E2V3M4, increased tone in all four limbs, bilateral

extensor plantar response, and exaggerated knee and ankle jerks

with clonus. Ophthalmoscopic examination revealed bilateral

optic disc oedema. After initial stabilisation, he was managed

with intravenous antibiotics and supportive care. For repeated

seizures intravenous phenytoin 5 mg/kg/day in two divided

doses was started, along with intracerebral tension (ICT) low-

ering drugs. Leviteracetam (30 mg/kg/day in three divided

doses) and sodium valproate (30 mg/kg/day in three divided

doses) were added later and the doses were increased to

60 mg/kg/day. With rapidly detoriating pGCS, he was shifted

to the paediatric intensive care unit, intubated, mechanically

ventilated and started on an intravenous midazolam infusion

1 μg/kg/min for refractory seizures. Bloods taken on admission

to PICU showed anaemia, lymphopenia and thrombocytope-

nia, along with evidence of marked inflammation (Table 1).

Cerebrospinal fluid (CSF) examination performed on day

2 showed a raised protein (92 mg/dL), normal sugar, and

20 cells/mm3, predominantly mononuclear cells. D-Dimer level

was 5.5 μg/mL for which prophylactic subcutaneous

enoxaparin injection was started. Suspecting haemophagocytic

lymphohistiocytosis (HLH)2 secondary to an infective

aetiology, he was given intravenous immunoglobulin (IVIG)

2 g/kg over 48 h. RT-PCR of a nasopharyngeal swab was nega-

tive for SARS-CoV-2. Other common tropical infections includ-

ing malaria, dengue, scrub typhus and leptospirosis were

excluded by blood films and serologically. On day 2 of admis-

sion, he developed features of heart failure with tachycardia,

tachypnoea, and an S3 gallop rhythm. His N-terminal pro-

brain natriuretic peptide (NT-pro-BNP) level was elevated He

commenced on a dobutamine infusion at 0.1 μg/kg/min for

48 h. His SARS-CoV-2 IgG antibody titre, sent on day 2 of

admission, was 3094.6 AU/mL by chemiluminescent micropar-

ticle immunoassay (reference range: positive ≥50 AU/mL).

The clinical picture of persistent fever for 4 days, rash, heart

failure, neurological involvement, evidence of hypercytokinaemia

with raised inflammatory markers and serological evidence of

recent COVID-19 infection supported the diagnosis of SARS-

CoV-2-related MIS-C.1 Our patient had encephalitis causing

altered consciousness and repeated convulsions. On day 5, meth-

ylprednisolone pulse therapy was initiated for 5 days, followed by

gradual tapering. The frequency of convulsions and febrile epi-

sodes decreased with improving pGCS from day 8 and the child

became afebrile on day 10 of admission. Blood and urine cultures

were sterile. CSF for bacterial culture and pan-neurotropic virus

sent on day 2 (AmPATH Laboratory, BIOFIRE automated

FilmArray system for detection of Pan-flavivirus RNA, Pan-
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herpesvirus DNA, Pan-enterovirus RNA, Pan-paramyxovirus

RNA, human parvovirus B19, human adenoviruses, human

parechoviruses) and Japanese encephalitis virus (both serum and

CSF by ELISA method) were negative. The child was weaned off

mechanical ventilation and was extubated on day 11 of admis-

sion. His inflammatory markers improved (Table 1) and an echo-

cardiogram on day 16 was normal.

With improvement in consciousness, on day 12, the child

developed axial and appendicular hypertonia, a coarse inten-

sion tremor in the upper limbs that improved at rest, and low

amplitude, high frequency choreoathetoid movements involv-

ing his distal upper limbs. He developed behavioural changes,

in terms of irritability and self-mutilating behaviour (biting of

his fingers and self-inflicted genital injuries). He also had oro-

facial hyperkinesia (Video S1, Supporting Information), and

bilateral ptosis (right > left) with absent pupillary reflexes, in

the absence of dysdiadochokinesia, past pointing or nystagmus.

His upper and lower limb reflexes were normal. An electroen-

cephalogram on day 18 was normal. Other causes of encepha-

lopathy were excluded: systemic lupus erythematosus

(negative ANA, Hep-20-10, IIFT), autoimmune encephalitis

(negative Anti NMDA, GABA-B1/B2, AMPA1/2, LGI-1,

CASPR2 in both CSF and blood, IIFT-EUROIMMUN with 1:10

dilution), Wilson’s disease (normal 24 h urinary copper excre-

tion), subacute sclerosing panencephalitis (low anti-measles

antibody titre in CSF) and paediatric autoimmune neuropsy-

chiatric disorders associated with streptococcal infection (low

anti-streptolysin O and anti DN-ase B titres). Brain MRI

showed mild diffusion restricted altered signal intensity with

hyperintensity in the T2 flair image in the substantia nigra

(Fig. 1) on both sides of the midbrain, suggestive of brainstem

encephalitis.

A trial of oral haloperidol worsened the involuntary move-

ments and aggression. Oral risperidone improved the psychiatric

symptoms with resolution of the self-biting and physical aggres-

sion. Later, oral trihexaphenidyl resulted in little improvement in

his abnormal movements, but oral L-Dopa with carbidopa was asso-

ciated with some improvement over time. By day 25, he had mini-

mal, bilateral, residual tremors with normalisation of tone and

return of his pupillary reflexes. The patient was discharged on day

28 of admission, taking oral L-Dopa, sodium valproate, risperidone

Table 1 Laboratory investigations

Day of hospital stay Normal range Day 1 Day 4 (post-IVIG) Day 12 (post-MPD pulse) Day 18 (pre-discharge)

Haemoglobin (g/dL) 11–15 9.3 11.7 10.8 12.2
Total leukocyte count (�109/L) 5–12 13.8 9.0 17.0 10.4
Neutrophil count (�109/L) 2–7.5 12.8 (91) 7.8 (86) 14.9 (88) 7.5 (72)
Lymphocyte count (�109/L) 1.5–4 0.9 (7) 1.0 (12) 1.8 (11) 2.4 (25)
Platelet count (�109/L) 150–400 71 55 170 350
ESR (mm/1st hour) 14–20 68 35 24 20
CRP (mg/L) <5 57.3 37.8 1.6 1.5
Triglycerides (mg/dL) <150 269 350 105 184
Ferritin (ng/mL) 28–397 1500 1160.3 460.3 226
Fibrinogen (mg/dL) 200–450 112 160 354 260
PT (s) 11–15 17.7 20.2 15.1 13.3
APTT (s) 29–35 38.7 42 33.2 34.1
D-Dimer (mcg/mL) <0.5 5.5 4.6 0.88 0.4
Interleukin-6 (pg/mL) <5 52 20
NT-pro BNP (pg/mL) <125 647 115

IVIG, intravenous immunoglobulin; MPD, methyl prednisolone.

Fig. 1 Transverse section of brain (at the level of midbrain) in T2-FLAIR
MRI brain showing increased signal intensity in substantia nigra of mid-
brain bilaterally (arrow).
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and aspirin. Currently he is receiving outpatient physical rehabilita-

tion (Fig. 2).

Discussion

MIS-C is a rare but potentially devastating inflammatory compli-

cation of SARS-CoV-2 infection in children. The majority of cases

are reported 2–6 weeks after SARS-CoV-2 infection.3 To describe

this hyperinflammatory4–6 phenotype, different terminologies

and case definitions are used in different regions,3 resulting in a

lack of universally accepted case definition of MIS-C. Both the

US CDC and the WHO have published similar preliminary case

definitions based on fever, involvement of two or more systems,

evidence of hyperinflammation and hypercytokinaemia, a posi-

tive test for current or recent SARS-CoV-2 infection and exclu-

sion of alternative diagnoses. Similar criteria were used in the

case definition of PIMS-TS by the RCPCH in the UK.4 Our patient

presented with neurological and muco-cutaneous manifestations

and later developed cardiovascular features along with biochemi-

cal evidence of hypercytokinaemia and immune-mediated injury,

although haemodynamic instability, for example shock or hypo-

tension was absent.

Early prompt diagnosis of MIS-C is a challenge and warrants a

high index of suspicion, especially in resource poor settings. Vari-

ous studies on different populations reported strikingly low rates

of RT-PCR positivity and high serological titres of SARS-CoV-2

antibodies in affected children, suggesting MIS-C is a post-viral

inflammatory phenomenon.7–11 Our patient had no detectable

SARS-CoV-2 but was seropositive. The history of a febrile illness

18 days earlier could have been due to active SARS-CoV-2 infec-

tion, but RT-PCR was not performed at the time.

MIS-C sometimes mimics Kawasaki disease,6,8,12,13 a child-

hood vasculitis, but children have also been reported pre-

senting with prominent gastrointestinal symptoms11,14 and

heart failure due to myocarditis.15,16 Rarely, children with

neurological manifestations such as seizures, encephalopathy

and headache have also been reported.9,17 A recent meta-

analysis described neurological manifestations in 27% of

MIS-C cases, headache (27%) followed by meningism (17%)

and encephalopathy (8%) being the most frequent neurologi-

cal manifestations.18 Our patient had repeated seizures with

altered sensorium and intracranial hypertension, suggesting

encephalopathy.

Nervous system involvement in the form of headache, enceph-

alopathy19 cerebral edema, demyelination,20 limbic encephalitis,

ischaemic stroke, even psychosis17 is well documented and stud-

ied among children with active SARS-CoV-2 infection. Initial case

series from UK reported a disproportionately higher incidence of

COVID-19-induced neurological and psychiatric manifestations

among African and Asian populations.17,19

The exact mechanism of neurological involvement in MIS-C is

still unclear.21 Immune-mediated neuronal damage due to cyto-

kine storm is one possible cause.21 Another possible explanation

is SARS-CoV-2-induced blood–brain barrier damage causing

immune system exposure to new CNS antigens, resulting in end-

otheliopathy and immune-mediated CNS injury.22

When our patient’s post-COVID hyper-inflammatory state was

suppressed with IVIG and pulsed methylprednisolone, it unmasked

behavioural changes and choreiform movement abnormalities. In a

Fig. 2 Diagrammatic representation of detailed clinical presentations of the case along with major drugs and treatment modalities received and their
duration with respect to day of hospitalisation. Graphs are not as per scales.

Journal of Paediatrics and Child Health (2022)
© 2022 Paediatrics and Child Health Division (The Royal Australasian College of Physicians).

3

S Sen et al. Post COVID-19 movement disorder



UK-based study,17 chorea was found in six children with active

COVID-19, but none of them had or developed MIS-C. In the same

study, nine (36%) out of 25 MIS-C patients presented with behav-

ioural changes.17 Although an acute encephalopathy-like presenta-

tion in MIS-C is as high as 88% in some case series,17 movement

disorders and neuropsychiatric manifestations are extremely rare in

MIS-C, unlike in active disease. A single case report from New York

described neuropsychiatric manifestations of MIS-C, including delir-

ium, physical and verbal aggression and fluctuation of attention that

worsened with haloperidol.23

We report brainstem encephalitis in a 10-year-old boy with

MIS-C. His extra-pyramidal symptoms pointed towards a basal

ganglia lesion, which can also cause psychiatric manifestations by

disrupting the balance between dopamine and other brain neuro-

transmitters. His MRI brain revealed a focal lesion in the sub-

stantia nigra of midbrain consistent with this clinical diagnosis.

A 15-year-old Afro-Caribbean girl with MIS-C who presented

with behavioural changes and audio-visual hallucinations was

found on MRI to have lesions of the splenium of the corpus cal-

losum (SCC) and bilateral hippocampal24 lesions. SCC involve-

ment17,25,26 seems to be the most consistent MRI finding

associated with MIS-C patients who have neurological manifesta-

tions. MIS-C-related brainstem or substantia nigra involvement

as seen in our patient has not yet been reported to our knowl-

edge. In the adult population, there is a single case report of a

65-year-old who presented with involuntary movements, gener-

alised myoclonus and cognitive dysfunction, and who was diag-

nosed with post SARS-CoV-2 immune-mediated brainstem

encephalitis on clinical grounds, as neuroimaging and serological

studies were negative.27

Hence, our patient may be the first ever child with MIS-C to

present with extra-pyramidal symptoms, chorea and neuropsy-

chiatric behavioural disturbance due to brainstem encephalitis.

Consent has been taken from patient’s father regarding disclosure

of patient’s medical history and disease for publication purpose

without revealing his identity.
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Supporting Information

Additional Supporting Information may be found in the online

version of this article at the publisher’s web-site:

Video S1 Supporting information shows orofacial hyperkinesia

with persisting choreoathetoid movement with continuous finger

biting. Bilateral ptosis can be noted with right > left eye affected.
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