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Abstract

COVID-19 is a disease caused by SARS-CoV-2 and was initially considered to cause serious damage to the respiratory
system. Over time, it has been found to affect other organs due to its ability to bind to the ACE2 receptor (type 2 angioten-
sin-converting enzyme), which can be found in various tissues, including the central nervous system. In addition, a large
formation of pro-inflammatory cytokines responsible for various lesions was observed during the evolution of this disease.
Our objective was to demonstrate the molecular mechanisms involved in the infection that may demonstrate the relationship
between COVID-19 and the development of depressive conditions. Based on the main medical databases (LiLacs, SciELO,
Bireme, Scopus, EBSCO, and PubMed) and using the terms ’coronavirus infections’ AND ’Inflammation” AND ’depression’
AND ’cytokines’, we conducted an integrative review of articles published in 2020. Considering this stage of Covid-19 and
the inflammatory component of depression, this review showed a relationship between these two conditions based on com-
mon pathophysiological mechanisms indicating possible depressive disorders in surviving patients, especially in the most
severe cases. The role of inflammatory cytokines and the presence of ACE-2 receptors on the cell surface appear to be the
common pathophysiological mechanism between COVID-19 and depression.
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Introduction

COVID-19 was first found in Wuhan (China) in 2019,
caused by SARS-CoV-2. It was considered a pandemic by
the WHO, given that more than seven million cases were
reported worldwide. Among the main countries affected by
the disease are the USA, Brazil, and Russia [1-3]. The large
number of infected people is worrying, considering that so
far there is no specific treatment for this disease and there is
a small percentage of people vaccinated. As a result, we will
have a major impact on the world economy [4-6].
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Initially considered a respiratory system disease, COVID-
19 showed that it has great invasive potential to other com-
ponents of the human body and can lead to serious com-
plications. Many systemic effects have been described in
the literature, among which we can cite cardiac, digestive,
vascular impairment, and others not yet well elucidated, for
example, its effects on the central nervous [7-11].

It is known that there are several types of viruses that
can affect the central nervous system, including those that
essentially affect its structure. Studies show that the hepatitis
C virus, Zika virus, and others have this potential and may
cause damage because of their invasion in this system [12,
13]. Among the resulting complications are Guillain—Barre
syndrome, encephalitis, headache, meningitis, malformation,
convulsions, and other manifestations. Similarly, symptoms
involving memory changes, mood changes such as depres-
sion and anxiety, and schizophrenia have also been described
(Fig. 1) [14]. Several studies indicate that coronaviruses
have several neurotropic strains, such as MERS-CoV and
SARS-CoV [15].
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Fig. 1 Neurological and psy-
chiatric presentations associ-
ated with severe coronavirus
infections
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Neural manifestations may occur simultaneously with
respiratory symptoms or even after a few weeks of patient
recovery. This characteristic is also observed in SARS-
CoV-2 because the receptor it uses to enter the respiratory
cells and other tissues is also expressed in neurons and Glia
cells [11, 16, 17]. Studies show this neural impairment
in COVID-19 manifests itself through symptoms such as
changes in smell, dizziness, and changes in consciousness,
encephalitis, headache, anxiety, and depression.

Studies have shown that anxiety, memory or concentra-
tion difficulties, and depressed mood are the main neuropsy-
chiatric manifestations in patients infected with the coro-
navirus, suggesting that the appearance of these symptoms
may be a consequence of the viral infection. The incidence
was higher in patients who required hospitalization and more
evident in those who required intensive care unit admission
or developed encephalopathy [7, 18]. If we consider the
pathogenesis of COVID-19 and the most recent approaches
on the pathophysiology of depression, it is possible that
there are common mechanisms between the two conditions
[16, 19-21].

Thus, this review aims to demonstrate the molecular
mechanisms involved in the course of this infection that
may demonstrate evidence of a close relationship between
COVID-19 and the development of depressive conditions.

Methods

Based on the main medical databases (LiLacs, SciELO,
Bireme, Scopus, EBSCO, and PubMed) and using the terms
"coronavirus infections’ AND ’Inflammation” AND ’depres-
sion” AND ’cytokines’, we conducted an integrative review
of articles published in 2020.

Articles written in English were included. Editorials,
comments, letters to the editor, review articles, articles that
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were not available in full or that did not contain accurate
information were excluded. To guarantee the validity of
these articles, the selected studies were analyzed in detail, by
all authors, regarding the relationship between COVID-19
and depression. In our search, we found a total of 21 articles
that made up this review.

Results and discussion

The pathophysiology of covid-19
and the inflammatory response

After entering the body, SARS-CoV-2 uses the spike gly-
coprotein to bind to the Angiotensin 2 Converting Enzyme
(ACE2) and then enters the host cell [22]. Then, it releases
viral RNA in the cell cytoplasm and the process of replica-
tion begins generating new viral particles which leads to cell
death and the migration of the virus to attack other cells.
The viral antigens are recognized by the antigen-presenting
cells which in turn activate lymphocytes leading to the pro-
duction of cytokines and chemokines. There is an increase
in the production of IFN-I or IFN-a/f, inducing accumula-
tions of mononucleated macrophages which, in turn, will
produce large quantities of pro-inflammatory cytokines such
as TNF-a, IL-6, and IL1-f, in addition to iNOS. In some
patients, there is a large production of these mediators and
this inflammatory response can lead to thrombus formation
and failure of multiple organs and even death [23, 24].
There is a variation in the production of the different
types of mediators. In vitro studies have shown that there
is an increase in cytokine and chemokine production in res-
piratory epithelium cells, dendritic cells, and monocytes/
macrophages in the early stages of infection. Subsequently,
there is a decreased production of antiviral interferons and
increased production of the pro-inflammatory mediators
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mentioned above, in addition to the chemokines CCL-2,
CCL-3, and CCL-5 [23].

It is worth noting that this virus can attack different tis-
sues causing several injuries to the body. This occurs due
to the abundant presence of ACE-2 receptors on the cell
surface. This receptor is found in cells of the pulmonary
epithelium, cardiomyocyte, endothelial cells, and cells of
the central nervous system, such as neurons and glia cells.
The presence of this receptor in different tissues may explain
the virus’ ability to reach different organs and systems. How-
ever, this is not sufficient as the only explanation for this
phenomenon. ACE?2 is found on the surface of cells of vari-
ous tissues in the human body. It is possibly an important
receptor for the penetration of SARS-COV 2 into these cells.
These receptors are present on the endothelium of cerebral
capillaries, neurons, and glia cells. Its presence can facili-
tate the access of the virus to the central nervous system.
We also remember that the presence of cytokines, for exam-
ple, IL-6 can increase the permeability of the blood—brain
barrier, favoring even more the entry of microorganisms.
Once inside the cell, the virus triggers other intracellular
mechanisms of activation of inflammatory response. The
main function of ACE 2 is to metabolize angiotensin II into
Angl-7, which has protective effects (anti-inflammatory,
antioxidant, anti-atherosclerotic, and anti-thrombotic) in
different tissues, acting in specific receptors that are found
in large quantities in the human brain. Once bound to the
virus, ACE2 decreases these protective effects by increasing
the effects of angiotensin II and this favors tissue damage,
especially inflammatory, oxidative, and ischemic damages
[25, 26].

The inflammatory component of depression

Depression is a multifactorial condition that for decades had
its pathophysiological mechanism associated with the mono-
amine hypothesis. According to this theory, the decrease in
neurotransmitters such as serotonin, noradrenalin, and dopa-
mine would be the main neural alteration that would lead to
the symptoms of the disease. Many findings have confirmed
this hypothesis, such as the decrease in neurotransmitter
metabolites in patients with depression and the decrease
in neurotransmitters themselves in post-mortem studies in
patients with the disease. Similarly, the emergence of phar-
macological therapy of this disease aimed at increasing the
concentration of neurotransmitters in the central nervous
system [27, 28].

In recent decades, new hypotheses have been formulated
to explain in more detail the pathophysiology of depression.
Several studies have demonstrated the participation of neu-
rotrophic substances such as the brain-derived neurotrophic
factor (BDNF), the increased activity of the hypothala-
mus—pituitary—adrenal (HPA) axis, and that these changes

are associated with increased concentration of inflammatory
cytokines [29, 30].

Studies show that external conditions such as chronic
stress in conjunction with genetic factors would lead to an
increased production of pro-inflammatory mediators such as
IL-6, 11-2, TNF-a, and IFN-y and a decrease in anti-inflam-
matory mediators such as IL-4 and IL-10. This increase
would lead to changes in brain neurocircuits generating, for
example, deregulation of HPA axis decreased the production
of BDNF, and neurogenesis compromising the functioning
of regions such as the frontal cortex and hippocampus, espe-
cially serotonergic transmission, thus leading to symptoms
of depression [31, 32].

The increased concentration of inflammatory cytokines
was verified in patients with depression, moreover, in ani-
mal experiments, the administration of these mediators
led to manifestations like depressive conditions. Similarly,
there is a strong relationship between the occurrence of
autoimmune inflammatory diseases and the emergence of
depressive symptoms, further reinforcing the link between
the increase in cytokines in the body and their effects on
mood. It is worth noting that this theory does not invalidate
the monoamine hypothesis. In fact, it establishes a relation
between the decrease in neurotransmitter levels and other
mechanisms such as environmental factors and genetic pre-
disposition, and the inflammatory process [28].

Inflammatory cytokines can be produced by cells of the
immune system activated in the periphery or by neurons
and glia cells, such as astrocytes, microglia, and oligoden-
drocytes. The effects of these cytokines may occur directly
when produced in the central nervous system (CNS) itself,
as well as indirectly when produced peripherally by the cells
of the immune system. It is important to remember that
cytokines are water-soluble substances that normally do not
cross the blood—brain barrier (BBB). However, pathological
conditions that increase the permeability of the barrier may
allow this access. In addition, there are brain areas where
permeability is facilitated by the absence of the barrier as in
the choroid plexus. They can also activate receptors in affer-
ent fibers such as the vagus nerve, which in turn promote the
formation of other mediators such as prostaglandins (PGE2)
and nitric oxide, promoting neuronal changes and activation
of glia cells by increasing the production of cytokines in the
CNS itself [33].

Thus, the increase in inflammatory cytokines correlates
directly with the symptoms of depression and with the neu-
ronal and glial alterations of the disease and is currently
seen as an important component of the pathophysiology of
this disease.

So, what’s the possible relationship between COVID-19
and depression?

From the above and considering the pathophysiological
mechanisms of COVID-19, especially the inflammatory
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component and the massive production of cytokines, we can
suggest that there is an important relationship between the
two diseases because these mediators could activate some of
the mechanisms involved in depression (Fig. 2).

Although ACE 2 does not play a direct role in the patho-
physiological mechanisms of depression but consider-
ing what was described above and that the inflammatory
response is currently seen as a component of the pathophys-
iological mechanisms of depression, we can suggest that
decreased ACE 2 action could then contribute to increased
depression. Since the virus SARS COV 2 probably uses
this enzyme to penetrate neurons and glial cells, this could
decrease its action on angiotensin II, increasing the concen-
trations of this mediator and favoring the development of
depression due to the increased inflammatory activity. In
addition, studies that show the decrease of ACE 2 expres-
sion in patients with depression, diabetes, and ischemia are
already reported in the literature [25, 26, 34].

According to the literature, the changes caused by
cytokines are not only of short duration and their effects
may persist in different tissues including the neural tissue.
It should also be noted that the production of a high level
of these pro-inflammatory mediators can cause alterations
in the permeability of the BBB, activating Toll-like recep-
tors of the microglia and astrocytes, exacerbating neuro-
inflammation and altering the homeostasis of the CNS,
which causes cognitive and mood changes. These changes
are not exclusive to SARS-CoV-2, because previous
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studies showed that patients with severe infections caused
by SARS-CoV in the pandemic during the years 2002 and
2003 had a positive correlation between the presence of
IgG antibodies against the new coronavirus and the occur-
rence of mental diseases, such as schizophrenic conditions
and depression, among others, demonstrating the relation-
ship between these viruses and psychiatric diseases [14,
35].

We stress that depression is a multifactorial disease
and that different factors can contribute to its onset and
maintenance. The isolation and hospitalization period of
the patient as well as the fear of death can contribute in
an important way as a stress factor. In addition, genetic
predisposition can favor the onset of the disease [32].

We know that stress is a powerful stimulant of the sym-
pathetic autonomic nervous system and a parasympathetic
inhibitor. This process leads to the activation of immune
cells that increase their production of mediators such as
IL-6, TNF-a and IFN-y which, as previously described,
triggers the mechanisms of depression according to the
inflammatory theory described above [36]. Thus, the medi-
ators produced during the cytokine storm of COVID-19
would potentiate this process and may thus favor the emer-
gence of depression in susceptible individuals. Unfortu-
nately, there is still little data on the follow-up of COVID-
19 survivors, especially the most serious ones, regarding
the emergence of psychiatric disorders. Some studies have
already shown that many patients exhibit symptoms of
depression and post-traumatic stress [32].
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Fig.2 Inflammatory cytokines in depression: neurological mechanisms and COVID-19
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Conclusion

The role of inflammatory cytokines and the presence of
ACE-2 receptors on the cell surface appear to be the com-
mon pathophysiological mechanism between COVID-19 and
depression.
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