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Dear editor:
We recently read with interest the article by Acharya et al.

entitled “SARS-CoV-2 Infection Leads to Neurological
Dysfunction” (Acharya et al. 2020). They have reviewed cur-
rent literature on the neurological complications and manifes-
tations of COVID-19, however, they were able to identify
only a very limited number of studies. In fact, in our latest
paper, we have provided a deeper insight on the pathophysi-
ology of the central nervous system involvement of COVID-
19 and discussed that neuropsychiatric manifestations related
COVID-19 might be associated with the involvement of both
direct viral transmission and neuroimmune response
(Yesilkaya and Balcioglu 2020). Latter includes heightened
systemic proinflammatory response which is closely associat-
ed with so-called cytokine storm, a well-known phenomenon
led by SARS-CoV-2 infection.

As viral replication progressively decreases during the lat-
ter days of infection, the pathogenesis of COVID-19 has been
thought to be predominantly related to an aggressive inflam-
matory response. Thus, the intense release of proinflammatory
cytokines (viz cytokine storm) in the host leads to diffuse
alveolar damage, severe hypoxemia, and promotes the devel-
opment of fatal secondary sepsis (Serrano-Castro et al. 2020).
Even though the cytokine storm has been a well-defined con-
dition in many viral infections including influenza and coro-
navirus (Liu et al. 2016), our appreciation of its effects on the
central nervous system (CNS) has remained limited.

The primary targets for SARS COV-2 are respiratory epi-
thelial cells and alveolar macrophages. Following the

infection of respiratory cells, rapid production and release of
many chemokines and cytokines initiate. Macrophages are
activated by such proinflammatory chemokines and cyto-
kines, and other key components of the innate immune sys-
tem, dendritic cells, lead to a more extensive immune response
that initiates the cytokine storm. Circulating chemokines at-
tract more inflammatory cells to make them migrate from
blood vessels into the site of inflammation, and these cells
release additional chemokines/cytokines which amplify cyto-
kine storm (Liu et al. 2016). Although TNF- α, IL-1, and IL-6
are primary cytokines of the acute immune response and the
interferons are key cytokines for antiviral immune response,
the excessive response of these proinflammatory mediators
have been considered major triggers of sepsis and multiorgan
failure (Unal et al. 2020). On the other hand, the CNS might
be the first affected organ due to a compromised blood-brain
barrier which is closely associated with increased circulating
levels of cytokines. These cytokines induce the production of
reactive oxygen species through a stimulation of astrocytes
and glial cells (Meneses et al. 2019).

Reactive oxygen species and peripheral cytokines activate
two different types of microglia; microglia-1 (M1) and
microglia-2 (M2). While M1 involve in inflammatory pro-
cesses in the CNS, M2 are responsible for the anti-
inflammatory processes. Thus, M1 activation results in an
increase of proinflammatory cytokines and M2 initiate the
astrogliosis in order to CNS protection. All of these opposite
reactions induced by SARS-COV-2 may cause a CNS dys-
function that becomes apparent as encephalopathy. Another
pathologic reaction related to SARS-CoV-2 might involve in
sensorial (olfactory) nerves. Olfactory nerves are activated by
pathogen-associated molecular patterns (PAMPs) and inflam-
matory cytokines. The viral transmission in the olfactory bulb
leads a neuroinflammatory response through an excessive re-
lease of cytokines to protect the CNS. Therefore, anosmia, an
initial symptom of COVID-10, might be a result of such
neuroinflammatory response (Meneses et al. 2019).
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Despite the arguments identified above, our knowledge is
still limited to what extent such neuroinflammatory reactions
does SARS-COV-2 associate with. We would like to empha-
size the importance of long term follow-up and neuropsychi-
atric monitoring should be performed in patients with
COVID-19. Psychoneuroimmunological characteristics of
COVID-19, which seem to be key for the neurological in-
volvement of the disease still needs to be elucidated, indeed.
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