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Gut-brain axis in the neurological comorbidity of COVID-19
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Severe COVID-19, characterized by a cytokine storm and
lymphopenia, has led to increased levels of mortality due
to multiple organ failure.! Brain-associated comorbidity
with an increased mortality rate develops in approximate
one-third of COVID-19 patients.>® Thus, further central
system considerations and improvement of
COVID-19 neurological comorbidity could reduce the
mortality rate that ensues with COVID-19. A cytokine
storm has been recognized to be a major characteristic of
COVID-19 neurological comorbidity through cerebro-
spinal fluid analyses.*’ In the review article by Meier
et al.® the emphasis was directed at the importance of the
brain cytokine storm in neurodegeneration and cognition,
which caused the large loss of labour force productivity.
However, how the brain cytokine storm is shaped by
COVID-19 infections that is reflected in neurological
comorbidity pathophysiological processes, still has to be
elucidated. We posit that the involvement of the gut-brain
axis in the brain cytokine storm in COVID-19 neuro-
logical comorbidity is a significant determinant of
COVID-19 severity and is of therapeutic implications.
The intestinal microbiota presents a complex structure
that develops throughout life presenting trillions of com-
mensal bacteria that exert multiple beneficial effects on
the human host.” Dysregulation of the gut microbiota
(gut dysbiosis) is associated with metabolic disease in
various organs through bidirectional interactions such

nervous

as happens with the gut-brain axis.! Gut dysbiosis
alters the inflammatory tone of the gut that leads to
chronic inflammation with decreased anti-inflammatory
mechanisms. These effects result from reduced abundance
and adverse shifts in the diversity of the commensal bac-
terial cohort with subsequent decreases in beneficial
metabolites namely, butyrate, bile acid derivatives and
tryptophan.' The gut-brain axis has been often reported
involved in neurological disorders®’ and thus the intes-
tinal dysbiosis could be incorporated into the narrative of
neurological manifestations of COVID-19. The patients
with COVID-19 neurological comorbidity are character-
ized as those with advanced age, hypertension, renal fail-
ure, and neoplastic diseases.”> All these risk factors are
involved with gut dysbiosis. Therefore, gut dysbiosis
could be a major contributing factor in the formation of
the cytokine storm in the brain. Furthermore, the system-
ic inflammation from other organs infected by SARS-
CoV-2 also contributes to the formation of the cytokine
storm in the brain." A study showed that the mortality is
highest in those COVID-19 patients with both neuro-
logical and other major organ manifestations, followed
by those with neurological manifestations only and then
by those with no systemic manifestations.”

In addition, gut dysbiosis could also involve in the
local vascular abnormality to cause fatal thrombosis.
The local vascular inflammation is not only caused by
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SARS-CoV-2 infection but also accelerated by gut dysbio-
sis-caused systemic inflammation and decreased anti-in-
flammatory mechanisms.' The local vascular infections
from SARS-CoV-2 could be important for the formation
of hyperinflammation in the brain. Multiple routes have
been described for SARS-CoV-2 entry into the brain
including trans-synaptic transfer across infected neurons,
entry via the olfactory nerve, infection of vascular endo-
thelia and leukocyte migrations across the blood-brain
barrier.'” Importantly, the virus has a high affinity for
vascular endothelial cells due to the high expression of
ACE2 in these cells. The virus-induced damage to endo-
thelial cells together with systemic inflammatory aspects
promotes the formation of vascular thrombosis, causing
serious adjacent pathophysiological changes. Therefore,
even if there is no viral entry into the cerebrospinal fluid,
the virus could contribute to the brain cytokine storm
through vascular thrombosis-caused insults. It is under-
standable that the most common risk factor for neuro-
logical comorbidity is pre-existing cerebrovascular
diseases, accounting for 39% of these patients.” Gut dys-
biosis can lead to increased gut permeability to allow
translocation of endotoxins and bacteria to the circula-
tion and extra-intestinal organs. It results in increased
systemic inflammation, accelerating vascular thrombosis."

On the other hand, brain pathological changes could
further increase gut dysbiosis. It has been well demon-
strated that the gut-brain axis has bidirectional effects.”
Gut dysbiosis can cause neurological inflammation while
psychological disorders also result in intestinal diseases.
Indeed, COVID-19 infections could cause these patients
stress, anxiety and depression. These psychological dis-
tresses can further increase gut dysbiosis and inflamma-
tion. This could accelerate the impact on neurological
comorbidity to form a feed-forward loop. Studies have
shown that psychological distresses could promote mast
cells to secret pro-inflammatory cytokines such as IL-6
and TNF-alpha through corticotropin-releasing hormone."
Therefore, inflammation is a key link between the gut
and brain.

An appreciation of the role of intestinal dysbiosis in
the cytokine storm in COVID-19 neurological comorbid-
ity has therapeutic implications. Modulation of gut dys-
biosis to improve gut microbiota could be achieved by
various approaches such as probiotics, prebiotics, faecal
microbiome transplantation and dietary modification.”
Administration of commensal bacterial metabolites such
as butyrate could reduce systemic inflammation. The bac-
terial metabolites such as butyrate and bile acid derivatives
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can activate regulatory T cells to reduce inflammation
caused by SARS-CoV-2 infections.! Although corticoste-
roids can effectively reduce mortality rate, early anti-in-
flammatory therapy could be effective, avoiding the
pronounced side effects with corticosteroid administra-
tion. For example, anti-IL6 together with commensal bac-
terial metabolites could be an effective regimen that
warrants further investigation.
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