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Abstract
The coronavirus disease 2019 (COVID-19) can be associated with a wide variety of neurological manifestations. Some 
of these manifestations might result from the ongoing systemic inflammatory state, but the pathophysiology of specific 
neurologic involvement is still unclear. In this article, we report a patient who developed an isolated cerebellar syndrome 
9 weeks after an episode of COVID-19. The reverse-transcriptase polymerase chain reaction (RT-PCR) for SARS-CoV-2 
was positive on cerebrospinal fluid (CSF). A post-infectious–autoimmune-cerebellitis following COVID-19 was suspected, 
and the patient was treated with corticosteroids, leading to a complete recovery within a few weeks. We review the other 
cases of COVID-19-associated cerebellar syndrome reported so far and discuss the potential pathophysiological mechanisms 
underlying this neurologic manifestation.
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Introduction

Since its description from Wuhan (China) in December 
2019, the coronavirus disease 2019 (COVID-19) has spread 
around the world, causing over six million deaths so far. 
COVID-19 can be associated with a wide variety of neuro-
logical manifestations, ranging from non-specific headache, 
dizziness, confusion, ageusia, or anosmia to more severe  
and specific involvement of either central or peripheral nerv-
ous system, including myelitis, encephalitis, or demyelinat-
ing inflammatory polyneuropathy (Bougakov et al. 2021; 
Harapan and Yoo 2021; Niazkar et al. 2020). While it is 
postulated that non-specific manifestations result from the 
ongoing systemic inflammatory state, the pathophysiol-
ogy of specific neurologic involvement is still unclear (Jha 
et al. 2021; Xu et al. 2021). In this paper, we report a case 
of COVID-19-associated cerebellitis, and we review the 
other cases reported so far in the literature and discuss the 

potential pathophysiological mechanisms underlying this 
neurologic manifestation.

Case presentation

In December 2020, a 55-year-old woman developed headache 
and asthenia for 7 days then cerebellar ataxia and dysarthria 
for 3 days before being admitted in this hospital. She had suf-
fered from a mild episode of reverse-transcriptase polymerase 
chain reaction (RT-PCR)-proven COVID-19 9 weeks before. 
At patient’s admission, RT-PCR for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) on nasopharyngeal 
swab was negative, and she did not report any respiratory 
symptom. General blood analyses, including measure of 
C-reactive protein, were unremarkable (see Table 1). Cer-
ebrospinal fluid (CSF) analysis revealed an increased white 
blood cell count with predominant lymphocytic pattern (85 
cells per microliter, 99% lymphocytes) but normal glucose and 
protein levels (73 mg/dL and 331 mg/L, respectively). PCR 
multiplex assay for Herpes simplex viruses 1 and 2, Cyto-
megalovirus, Varicella-zoster virus, Human herpes virus 6, 
Epstein–Barr virus, Enterovirus, and Human parechovirus on 
CSF were negative as were direct examination and bacterial, 
mycobacterial, and fungal cultures. By contrast, RT-PCR for 
SARS-CoV-2 was positive on CSF. Antibodies directed at 
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Table 1   Laboratory results and cerebrospinal fluid findings

Laboratory results

Test Result Normal range

Nasopharyngeal RT-PCR for SARS-CoV-2 Positive 10 weeks before admission
Negative on days 0, 4, 8, 11, 16, 18, 25, 32, and 

36 after admission

Negative

Hemoglobin (g/dL) 14.5 11.7–14.9
White blood cell count (103/mm3) 7.33

36% lymphocytes
3.90–10.20
20–44%

Thrombocyte count (103/mm3) 347 150–370
D-dimers (µg/L)  < 190  < 500
C-reactive protein (mg/L)  < 0.5 0.0–5.0
LDH (U/L) 225 125–220
Coxsackies and Echovirus serology Negative Negative
Cytomegalovirus serology IgM negative

IgG 136 UI/mL
Negative
Positive > = 14

Epstein—Barr virus serology IgM negative
IgG > 750 UA/mL

Negative
Positive > = 20

Herpes simplex virus serology IgM negative
IgG > 30.0 UA/mL

Negative
Positive > = 1.0

Borrelia burgdorferi serology IgM negative
IgG < 10.0 UA/mL

Negative
Positive > = 15

Mycoplasma pneumoniae serology IgM negative
IgG < 9 UA/mL

Negative
Positive > = 11

Hepatitis B virus serology Positive HBs, negative HBc
Compatible with vaccination

Hepatitis C virus serology Negative Negative
Human immunodeficiency virus 1 and 2 serology Negative Negative
Brucella serology Negative Negative
Treponema pallidum VDRL and TPHA Negative Negative
West Nile virus serology IgM negative

IgG negative
Negative

Tick-borne encephalitis virus serology IgM negative
IgG negative

Negative

Measle virus serology IgM negative
IgG > 300.0 UI/mL

Negative
Positive > = 16.5

Rubella virus serology IgM negative
IgG 11 UI/mL

Negative
Positive > = 10

Toxoplasma gondii serology IgM negative
IgG 9.4 UI/mL

Negative
Positive > = 8.8

Mumps serology IgM negative
IgG 151 UA/mL

Negative
Positive > = 11

SARS-CoV-2 serology IgG 34 (local unit) Positive > = 15
Antinuclear antibodies Negative Negative
Anti-neutrophil antibodies Negative Negative
Antibodies against neuronal cell surface antigens (anti-NMDA 

receptor, − LGI1, − CASPR2, − GABAb receptor, − AMPA1 
receptor, − AMPA2 receptor, − DPPX)

Negative Negative

Antibodies against neuronal intracellular antigens (− Hu, − Ri, − Yo, − Ma2/
Ta, − CV2 (CRMP5), − amphiphysin, − Recoverine, − SOX1, − tit-
ine, − ZIC4, − Tr)

Negative Negative

Anti-GAD65 and GAD67 antibodies Negative Negative
Anti-ganglioside antibodies (Anti-GM1, -GM2, -GM3, -GD1A, -GD1B, 

-GD3, -GQ1B, -GT1A, -GT1B, -sulfatide)
Negative Negative

Anti-MOG and anti-AQP4 antibodies Negative Negative
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neuronal cell surface antigens were negative in both serum 
and CSF. Brain imaging with both computed tomography 
and magnetic resonance imaging (MRI) were strictly normal. 
Whole-body [18F]-fluorodeoxyglucose positron emission 
tomography (18FDG-PET) did not find any lesion suspected 
to be malignant.

In the following week, the ataxia severely worsened. A 
second CSF sample revealed a persistently increased white 
blood cell count (50 cells/mm3, 97% lymphocytes) and oli-
goclonal bands (OCBs). RT-PCR for SARS-CoV-2 was 
no longer positive in the CSF and remained negative on 

nasopharyngeal swab (performed every week for all hospi-
talized patients according to the sanitary measures recom-
mended in the institution at that time).

A post-infectious cerebellitis following COVID-19 was 
suspected. The patient was treated with intravenous pulses of 
methylprednisolone (1 g per day for 5 days), followed by an 
oral taper over 6 weeks. No antiviral treatment was adminis-
tered since none of these had been proven safe and effective 
for COVID-19 at that time. Three days after corticosteroid 
initiation, the patient started to improve clinically. She was 
discharged to a rehabilitation center where she gradually 

Table 1   (continued)

Laboratory results

Test Result Normal range

Anti-gliadin antibodies IgG < 10.0 U/mL Positive > = 10
Anti-transglutaminase antibodies IgA < 10 U/mL Positive > = 10
Vitamin E 9.81 mg/L 8.60–19.24
CSF findings
4 days after the admission (before treatment)
Test Result Normal range
CSF white blood cell count (cells/mm3) 85

99% lymphocytes
0–5

Glucose (mg/dL) 73 45–75
Protein count (mg/L) 331 150–450
Multiplex PCR assay for Escherichia coli K1, Haemophilus influenzae, 

Listeria monocytogenes, Neisseria meningitidis, Streptococcus agalactiae, 
Streptococcus pneumoniae, Cytomegalovirus, Enterovirus, Herpes sim-
plex virus 1 and 2, Varicella-zoster virus, Human herpes virus 6, Human 
parechovirus, Cryptococcus neoformans/gattii

Negative Negative

RT-PCR for SARS-CoV-2 in CSF Positive
36.2 cycles

12 days after the admission (before treatment)
Test Result Normal range
White blood cell count (cells/mm3) 50

97% lymphocytes
0–5

Glucose (mg/dL) 72 45–75
Protein level (mg/L) 224 150–450
Isoelectric focusing of proteins Presence of many IgG oligoclonal bands in CSF
32 days after the admission (after treatment)
Test Result Normal range
CSF cell number (/mm3) 34

82% lymphocytes, 18% monocytes
0–5

Glucose (mg/dL) 94 45–75
Protein level (mg/L) 235 150–450
Isoelectric focusing of proteins No oligoclonal bands in CSF
3 months later
Test Result Normal range
White blood cell count (cells/mm3)  < 5 0–5
Glucose (mg/dL) 68 45–75
Protein level (mg/L) 257 150–450
Isoelectric focusing of proteins No oligoclonal bands in CSF
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improved. CSF analysis was controlled 2 months later and 
was strictly normal (normal white blood cell count, disap-
pearance of OCBs).

One year later, the patient had fully recovered. She has 
been fully vaccinated against SARS-CoV-2 without any 
notable side effect. Neurologic symptoms never recurred.

Discussion

To the best of our knowledge, this is the 20th case of 
COVID-19-related isolated cerebellar syndrome reported so 
far, the second one with a RT-PCR for SARS-CoV-2 posi-
tive in the CSF (see Table 2). According to these reports, 
COVID-19-related cerebellar syndrome usually progresses 
over a few days and can affect patients of any age. The CSF 
can be normal or show signs of inflammation (increased 
WBC count or protein level). Brain MRI is usually normal or 
reveals T2-weighted hyperintense lesions in the cerebellum. 
Most patients were treated with intravenous corticosteroids, 
sometimes associated with intravenous immunoglobulin or 
antiviral therapy (see Table 2). One patient was treated with 
antiviral therapy alone, and another one did not receive any 
treatment (Povlow and Auerbach 2021). All of them showed 
clinical improvement within days to weeks, and, as for our 
patient, the prognosis is usually excellent. In the presented 
case, the delay between COVID-19 symptoms and neuro-
logic manifestations was particularly long (9 weeks; from a 
few days to 5 weeks in reported cases).

SARS-CoV-2 infection was repeatedly associated with 
a wide range of neurologic manifestations. Besides non-
specific signs reflecting encephalopathy, SARS-CoV-2 
may also be responsible for specific damage to both central 
and peripheral nervous systems, and the pathophysiologic 
mechanisms of which are still debated. Two main processes 
have been hypothesized: direct damage by viral invasion of 
the nervous system, or an immune-mediated mechanism 
(Jha et al. 2021; Koralnik and Tyler 2020; Xu et al. 2021). 
Concerning viral invasion, it is currently accepted that the 
virus is able to enter the central nervous system (CNS) either 
by penetrating through the cribriform plate of the ethmoid 
bone, or by crossing the blood brain barrier (BBB), made 
permeable by the inflammatory state or the migration of 
infected activated immune cells into the CNS (Abboud 
et al. 2020; Jafari Khaljiri et al. 2021; Jha et al. 2021; Xu 

et al. 2021). The virus can subsequently infect glial cells and 
neurons after binding to ACE2 receptors expressed on their 
surface (Harapan and Yoo 2021; Xu et al. 2021).

The other proposed mechanism hypothesized to under-
lie SARS-CoV-2-related neurologic manifestations is an 
immune-mediated phenomenon triggered by molecular 
mimicry leading to a cross-reactivity towards viral and 
host antigens with similar shared epitopes. Supporting this 
hypothesis, various anti-neuronal antibodies were found 
in the serum or CSF of patients hospitalized with neuro-
logic manifestations following SARS-CoV-2, including 
encephalitis or acute inflammatory demyelinating polyneu-
ropathy (Payus et al. 2022). Our report suggests that the 
two hypotheses, direct invasion and immune-mediated, are 
not necessarily exclusive. Indeed, while a positive SARS-
CoV-2 RT-PCR in the CSF suggests a viral invasion of the 
CNS, the temporal course of the disease as well as its spec-
tacular response to corticosteroids is typical of an immune-
mediated mechanism. Therefore, a third possibility could 
be that the virus first infected brain cells causing mild  
subclinical cellular damages which resulted in the release 
of neuronal antigens into the extracellular space and sys-
temic circulation, thereby facilitating their presentation to 
lymphocytes. This phenomenon has already been proposed 
as the trigger of several autoimmune diseases such as sys-
temic lupus erythematosus (Quaglia et al. 2021). Finally, 
a fourth mechanism proposed in the literature is a massive 
systemic release of cytokines, called “cytokine storm,” 
which alters the BBB and let cytokines and inflammatory 
cells enter the central nervous system. This hypothesis, 
which was suggested following the discovery of high lev-
els of proinflammatory cytokines in the serum and CSF 
of patients suffering from SARS-CoV-2-related neurologic 
manifestations, probably accounts for encephalitis or other 
non-specific neurological manifestations such as confusion, 
headaches, and altered consciousness (Payus et al. 2022).

Although we believe that our hypothesis is of interest, 
we must acknowledge the intrinsic limitations of single-
case reporting, including the need for further studies to 
support our hypotheses and demonstrate a link between 
CNS viral invasion, neuronal antigen release, and the 
development of an immune-mediated phenomenon.

In conclusion, the presented case provides new perspec-
tives on the potential pathophysiological mechanism underly-
ing CNS damage induced by SARS-CoV-2 infection.
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