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Abstract

Highly contagious pandemic due to novel coronavirus SARS-CoV-2, COVID-19 has significantly affected humankind. At
the onset of the pandemic, it was believed that it primarily affects the respiratory and hematological system, and has minimal
influence on the human brain, even less so on the cerebellum. It was thought that the effects of a pandemic on cerebellar
disorders would be the same as it would affect any other chronic neurological disease. It turned out that our understanding
of the effects of COVID-19 on the cerebellar system was premature. Over the last 2 years, we appreciated many diverse and
direct effects of COVID-19 on cerebellar function. SARS-CoV-2 affects the cerebellum via direct viral invasion, but even
more so through its effects on immune, hematological, and metabolic pathways. Increasing evidence suggested the indirect
effects of COVID-19 on preexisting chronic cerebellar disease due to lack of in-person care and social isolation. This edito-
rial concisely summarizes critical literature on COVID-19 and the cerebellum published over the last 2 years.

The zoonotic corona virus called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) caused a pandemic
coronavirus disease 2019 (COVID-19). The pandemic ini-
tially presented with severe pulmonary dysfunction, acute
respiratory collapse, and multiple systems failures; about
36% of COVID-19 patients were reported to have central or
peripheral nervous symptoms and sometimes non-specific
deficits such as impairment of smell and taste, headache,
fatigue, and dizziness [1, 2]. Reported neurological defi-
cits were directly related to COVID-19 infection, chang-
ing the body reaction to the virus, and immune-mediated
hyperactivity. On the other hand, those with chronic neu-
rological conditions, including the cerebellar ataxias, were
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indirectly affected due to scarcity of in-person patient care,
social isolation, and lack of in-person rehabilitation [3, 4].
The latter resulted in many new means of providing remote
care, teleneurology, and telerehabilitation synchronously
while the provider is available for the live session or pre-
recorded asynchronous video visits [3—5]. Initially consid-
ered a respiratory and hematological disease, COVID-19
soon declared its impact on the nervous system. The acute
effects of COVID-19 on the central nervous system included
ischemic and hemorrhagic cerebral disease, encephalopa-
thies, and seizures [6]. At the onset of the disease, the role of
SARS-CoV-2 was still thought to be minimal in the patho-
genesis of the cerebellar disease, and it was believed that it
does not commonly cause ataxias but it would impact the
cerebellar ataxias just in a way it would affect any chronic
neurological disorder [3, 4, 7]. The perspective about the
effects of COVID-19 on cerebellar function changed over
the last 2 years. Here, we will summarize such progress,
particularly focusing on how SARS-CoV-2 affects the cer-
ebellar system, the direct and indirect effects of COVID-19
on cerebellar physiology, and how the disease has affected
the cerebellar preexisting cerebellar states.

The pathophysiology of COVID-19 is relatively less
understood; the mechanistic clarity is even more deficient in
the central nervous system. Studies of post-mortem examina-
tions are complex due to laboratory safety concerns. SARS-
CoV-2 is frequently detected in the cerebrospinal fluid (CSF)
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and brain parenchyma, suggesting its neuroinvasive poten-
tial [8]. One study found that the viral invasion is robust
in the olfactory system and the brainstem, but less so in
the cerebral cortex and the cerebellum [8]. On the contrary,
a different study revealed increased viral invasion into the
parietal cortex and the cerebellum [9]. A post-mortem study
examining the brain tissue from those who had acute SARS-
CoV-2 infection revealed territorial infarcts in 14%, while
majority had astrogliosis [10]. The activation of microglia
and infiltration by cytotoxic T-lymphocytes was prominent
in the brainstem and cerebellum. Regions of brainstem cra-
nial nerve nuclei had presence of SARS-CoV-2 protein [10].

Increased parenchymal viral infiltration is correlated with
severe microgliosis and lymphocytic infiltrations. Besides
the direct effects of viral penetration, COVID-19 affects the
central nervous systems in many other ways. A wide range of
clinical neurological deficits in the acute, as well as chronic
phase of COVID-19, is accounted for by large variability
in the neuropathological lesions. There are major vascular
changes in the cerebral cortex, while there is also substan-
tial meningeal and perivascular inflammation of the cortical
parenchyma with hypoxic cellular injury. The cerebellum
and brainstem often show perivascular lymphocytic inflam-
mation of CD8-positive T cells mixed with CD68-positive
macrophages [11]. The inflammatory changes typically tar-
get disrupted vascular walls suggesting prominent role of
microvascular injury in COVID-19-induced neurological
comorbidity [11]. The hypoxic changes are noticeable in
COVID-19 patients with brainstem and cerebellar involve-
ment [12].

The neurological events found on MRI of COVID-19
patients can be diffuse and be present through the cerebral
cortex, brainstem, and cerebellum. The classic MRI find-
ings in COVID-19 patients include isolated oval-shaped
lesions in the corpus callosum, bilateral basal ganglia,
hemorrhage, ischemic lesions including that of the cerebel-
lum, and vasogenic edema extending to the cerebral pedun-
cles, pons, and ventricles [13]. The cerebellar pathological
changes can sometimes be initial deficits, although they
may remain subclinical and do not manifest at the time of
presentation. For example, the diffusion model evaluated the
spatial distribution of the events depicting a strong associa-
tion between predicted and actual events. The events were
prominently seen in the bilateral superior temporal cortex
and precentral and lateral occipital cortices. The events were
significantly associated with diffusion from the bilateral cer-
ebellum in addition to the putamen. The study shows that
transconnectom diffusion of pathology occurs via structural
network connections of the cerebellum [14]. The vascular
microhemorrhages are not uncommon etiology of cerebro-
vascular pathology in those with COVID-19. Several eti-
ologies of petechial hemorrhages were described, including
risk for disseminated intravascular coagulopathy, intramural
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vascular infiltrates, or SARS-CoV-2 associated endotheli-
tis [15]. Necrotizing encephalopathy is not an uncommon
cause for neurological symptoms in COVID-19. Typically
affecting the cerebral cortex, the involvement of thalamus,
brainstem, and the cerebellum is also reported. Management
includes treatment of intravenous immunoglobulins and
high-dose corticosteroids [16, 17]. Autoimmune encephalitis
and cerebellitis were also reported in those with COVID-19
infection [18, 19].

Autoimmune encephalitis and cerebellitis were also
reported in those with COVID-19 infection [18, 19].
One systematic review examined the association of myo-
clonus and cerebellar ataxia (CA) with COVID-19 from
51 patients [21]. The mean age was 59.6 years, ranging
from 26 to 88 years, and 21.6% were female. The median
latency between COVID-19 symptoms and myoclonus/
CAs was 13 days, usually within 1 month of COVID-19
symptoms. Among these 51 patients, 23.5% (12/51) of
cases had myoclonus and CAs, 35.3% (18/51) of cases had
myoclonus without CAs, and 41.2% (21/51) of cases had
CAs. Myoclonus and CAs had an acute onset. Myoclonus
was multifocal or generalized, activated by action in 56.7%
(17/30) of cases and by sensory stimuli in 46.7% (14/30)
of cases. Myoclonus and CAs were concurrently associ-
ated with other neurological symptoms, including cogni-
tive changes (45.5%) or a Miller Fisher syndrome variant
(21.2%). MRI studies were generally unremarkable. Myo-
clonus and CAs are attributed not to the direct invasion of
SARS-CoV-2, but immune-mediated mechanisms, due to
the absence of SARS-CoV-2 RNA or intrathecal SARS-
CoV-2-specific antibody production in most of the patients
[20], the association of anti-Purkinje cell antibody [21], and
the benefits of immunotherapies [20, 21]. Notably, the sys-
tematic review reported that 80% (24/30) of cases showed
improvement or resolution of these neurological symptoms
within 2 months, either spontaneously or with anti-epileptic
therapies and immunotherapies including methylpredniso-
lone and IVIg [16, 17, 21], suggesting immune-mediated
functional disorders. It remains unclear the relevance of
the COVID-19-associated myoclonus with the perivascular
lymphocytic inflammation.

The “long COVID” characterizes persistent or recur-
rent functional deficits after the recovery from the acute
phase of COVID-19 infection. The mechanistic basis of
long COVID is characterized by the hypometabolic pat-
tern on [18F]-FDG brain PET imaging. The hypometa-
bolic pattern is a cortical signature and is seen in the
brainstem and the cerebellum [22]. Bilateral hypome-
tabolism is common in bilateral rectal/orbital gyrus, the
olfactory gyrus, and the right temporal lobe, including
the amygdala and the hippocampus [23]. It is also seen
in the thalamus, pons/medulla brainstem, and cerebel-
lum. The metabolic clusters of the hypometabolic pattern



The Cerebellum

are highly suggestive of long COVID state compared to
healthy ones. Furthermore, the hypometabolism is associ-
ated with the patients’ symptoms, but they do not carry
any value as an objective biomarker [23].

Post-COVID cerebellar ataxia was described in one
patient who had appendicular and trunk ataxia along
with dysarthria 1 day after the resolution of respiratory
symptoms [24]. MRI revealed mild cerebellar atrophy.
Although post-COVID immune hyperreactivity as a
cause of such functional and anatomical deficits can-
not be excluded, it is possible that subclinical cerebellar
degenerative disease preexisted in the patient who had
COVID-19-induced decompensation. Recovery of respira-
tory symptoms after COVID-19 can be associated with
the central nervous system manifestation of the hyper-
coagulable state, particularly the stroke. In one example,
florid neuropsychiatric syndrome was found, including
paranoia, irritability, aggression, and disinhibition. The
deficit required treatment with antipsychotics and the
patient was transferred to neurorehabilitation [25].

COVID-19 had negatively impacted the ongoing care
of those with preexisting chronic cerebellar disorders. The
number of cerebellar ataxia patients on chronic immune-
modulatory therapy was thought to be at high risk of
developing severe complications. The immunomodula-
tory treatment of these patients was interrupted, modified,
or delayed. COVID-19 consistently influenced ongoing
clinical care and rehabilitation, particularly due to lack
of transportation, physical distancing, and social isola-
tion [3, 4]. A structured electronic survey interviewing
patients with Friedreich ataxia revealed that interruption
in physical therapy led to substantial worsening in 60%
of the patients [26]. Home-based strategies were offered
using technology-based tools, but it was only adopted by
30% of mildly affected patients [26]. The physical and
mental health of patients with chronic cerebellar disor-
der was also at greater risk due to prevailing uncertainty,
anxiety, and depression due to lack of social interaction
during the lockdown. Online questionnaires surveying
SCA patients for self-rating of anxiety, depression, and
overall baseline morbidity due to their ataxia revealed a
significant increase in anxiety to 34.9% and depression
to 56.7% [27].

To summarize, COVID-19 significantly affects the
human nervous system; the cerebellum is not spared, as
initially believed. The effects of COVID-19 on the cerebel-
lum are direct via hematological, vascular, immune, and
metabolic mechanisms. The indirect effects of the pan-
demic were also prominent, as it had deprived the patients
with chronic cerebellar ataxias of in-person clinical and
neurological care. The novel interventions were helpful
but only in selected patients with cerebellar ataxias.
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