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Abstract

Evolving data show a variable expression of clinical neurological manifestations
in patients suffering with coronavirus disease 2019 (COVID-19) from early disease
onset. The most frequent symptoms and signs are fatigue, dizziness, impaired
consciousness, ageusia, anosmia, radicular pain, and headache, as well as others.
Based on the high number of series of cases reported, there is evidence for the
implication of the immune system in the pathological mechanism of COVID-19.
Although the exact role of the immunological mechanism is not elucidated, two
main mechanisms are suggested which implicate the direct effect of severe acute
respiratory syndrome coronavirus 2 infection in the central nervous system and
neuroinflammation. In the context of neurological manifestations associated with
COVID-19, neuropsychiatric disorders show an exacerbation and are described by
symptoms and signs such as depression, anxiety, mood alterations, psychosis,
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post-traumatic stress disorder, delirium, and cognitive impairment, which appear
to be common in COVID-19 survivors. A worsened score on psychopathological
measures is seen in those with a history of psychiatric comorbidities. We review
the neuropsychiatric manifestations associated with COVID-19 and some critical
aspects of the innate and adaptive immune system involved in mental health
disorders occurring in COVID-19.

Key Words: COVID-19; Immunological mechanism; Neuropsychiatric manifestation;
Cytokine storm; Adaptive immune response; Innate immune response

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Severe acute respiratory syndrome coronavirus 2 infects the central nervous
system and drives neuroinflammation. In coronavirus disease 2019 (COVID-19)
patients, neuropsychiatric disorders are showing an exacerbation and are described by
symptoms and signs such as depression, anxiety, mood alterations, psychosis, post-
traumatic stress disorder, delirium, and cognitive impairments. Some critical aspects of
the innate and adaptive immune system are also involved in mental health disorders
occurring in COVID-19.

Citation: Robinson-Agramonte MA, Gongalves CA, Noris-Garcia E, Préndes Rivero N, Brigida
AL, Schultz S, Siniscalco D, Garcia Garcia RJ. Impact of SARS-CoV-2 on neuropsychiatric
disorders. World J Psychiatr 2021; 11(7): 347-354

URL: https://www.wjgnet.com/2220-3206/full/v11/i7/347 .htm

DOI: https://dx.doi.org/10.5498/wjp.v11.i7.347

INTRODUCTION

The Coronavirus Disease 2019 (COVID-19) pandemic, at the time of this publication,
has shown a tendency to a reduction in contagiousness globally; however, the fire has
not gone out. Reports of the World Health Organization and Johns Hopkins University
confirm as of March 18, 2021 that there have been 121 214 686 cases diagnosed around
the world and 2 680 740 deaths as consequence of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). It is accepted that this infection affects the
nervous system in various ways as the virus is deeply neurotropic and neuroinvasive
[1]. It will be necessary to understand the post-infectious manifestations of COVID-19
to guide long-term management of neurodevelopmental and neuropsychiatric
diseases.

Data derived from published clinical papers and case reports indicate that the main
clinical manifestations of COVID-19 include anosmia, ageusia, central respiratory
failure, stroke, acute inflammatory demyelinating polyneuropathy, toxic metabolic
encephalopathy, headache, myalgia, myelitis, ataxia, and others[2,3]. As suggested
earlier, in the acute phase, COVID-19 is a potential causal factor of neuropsychiatric
manifestations, such as encephalopathy, psychosis, insomnia, and mood changes[4].

The neuropsychiatric manifestations of both viral infection per se and secondary to
the host neuroinflammatory reaction are attributed to: (1) Microglial activation[5,6]; (2)
An imbalance of central neurotransmitters, such as noradrenaline, epinephrine, and
serotonin (with potential implication in neuropsychiatric disorders); and (3) A
disruption of the blood-brain barrier (BBB) leading to peripheral immune cell transmi-
gration into the central nervous system (CNS)[7]. This manuscript reviews core critical
aspects of neuropsychiatric disorders and COVID-19 while focusing on the immuno-
pathology and related clinical symptoms.

POTENTIAL IMMUNE MECHANISM AND NEUROPSYCHIATRIC SYMP-
TOMS IN COVID-19

The neuroinvasive potential of coronavirus has been reported in SARS-CoV-1 patients
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and experimental animals[6], and it was also speculated to include SARS-CoV-2 in
relation to the routes and mechanisms of CoV neurotropism[8,9]. Potential mecha-
nisms of neuropsychiatric manifestations in COVID-19 are discussed from different
viewpoints[10-13]; however, we will focus this short review on two main core mecha-
nisms in support of CNS involvement in mental health associated with COVID-19:
Direct viral infiltration into the CNS and neuroinflammation with related neuropsy-
chiatric manifestations (Figure 1).

DIRECT VIRAL INFILTRATION INTO THE CNS

It is well-known that viral infection takes place by recognition and binding of SARS-
CoV-2 virus-host receptor, specifically angiotensin-converting enzyme 2 (ACE-2),
which is expressed in multiple tissues within the human body, including the CNS[1].
In the CNS, infection has been identified in glial cells and endothelial cells of blood
vessels in the brain. In brain blood vessels, it has been demonstrated that it can induce
disruption of the BBB and increase permeability[14-16].

One pathway for CoV invading the CNS is through synaptic routes of nerve cells,
which seems to infect CNS retrograde via peripheral sensory nerves[17]. On the other
hand, the olfactory nerve cells seem to be a feasible route for direct CNS infection,
facilitated by the ACE-2 receptor expressed in olfactory epithelial cells[1]. Although
this mechanism does not have a full consensus from various research groups, several
pieces of evidence confirm that after cell infection by CoVs, death can be caused by

autophagy, apoptosis, pyroptosis, or by elimination viz innate immune cells[17,18]
(Figure 1).

NEUROINFLAMMATION

It has been found that following SARS-CoV-2 infection, activation of both the innate
and adaptive arms of the immune system are induced toward an uncontrolled
systemic response with the intervention of a non-specific immune mechanism
involving activated macrophages, neutrophils, and natural killer cells, as well as an
adaptive immune mechanism with a relevant effector function mediated by dendritic
cells and lymphocytes. The adaptive mechanism includes T helper cells (CD4), T
cytotoxic cells (CD8) and B cells, which is followed by exaggerated pro-inflammatory
cytokine release from these effector cells, such as interleukin (IL)-1b, IL-6, IL-10, IL-12,
interferons (IFN)-alpha, IFN-gamma, tumor necrosis factor (TNF)-alpha, transforming
growth factor-beta, and chemokines (CCL2, CCL3, CCL5, CXCLS, y/o CXCL10). This
begins the so-called "cytokine storm", which is critical for the multi-organ failure
leading to high lethality observed in affected patients[12,19-22].

The neuroinflammation caused by SARS-CoV-2, secondary to the cytokine storm
and immune cells reactivation, also becomes an additional effect of CoV infection[21].
In this context, several pathways have been discussed regarding the strong immune
response in humans secondary to SARS-CoV-2 infection[22]. A marked reduction in
absolute count of T cells, monocytes, eosinophils, and basophils has been found during
this infection, with a main impact on the absolute decrease of T cells, memory T helper
and regulatory cells[23,24].

Besides the explosive cytokine release syndrome and the macrophage activation
syndrome co-existing in SARS-CoV-2 infection and affecting the CNS, there is also a
strong increase in pro-inflammatory cytokines, such as IL-6, IL-2, IL-17, granulocyte-
colony stimulating factor and TNF[24]. Inflammatory conditions can also induce the
increase of IL-1, IL-6 and TNF soluble mediators that might facilitate major BBB
permeability[25], as they have been responsible for neurological manifestations such
as encephalitis, CNS demyelination and neuropsychiatric disorders[26].

Even in the absence of SARS-CoV-2 CNS infiltration, a transmigration of peripheral
cytokines derived from the systemic host antiviral response may also take place to
induce neuropsychiatric symptoms by the neuro-inflammatory response and BBB
disruption. This may be caused by the peripheral effector immune cells migrating into
the CNS, as well as local impairment of the neurotransmission system[27,28]. High
levels of neurotransmitters, mainly noradrenaline, epinephrine, and serotonin, have
been associated with psychological manifestations, such as depression, anxiety, and
post-traumatic stress disorder[20].
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NPM and COVID-19 immunopathology

‘ Main immunological mechanism leading to NPM in COVID-19 ‘

‘ Direct viral infiltration into the CNS ‘ ‘ Neuroinflammation ‘
Innate immune system Innate immune system Adaptive immune system
[12,18] [12,18] [10,28]

BBB dysruption

A

Activation of M@, neutrophils T helper, T cytotoxic and
and natural killer cells B cells, monocytes, eosinophils
and basophils

Exacerbation of NPM: Delirium, Cognitive
impairment, psychosis, mood alterations,
anxiety, major depression disorders,
postraumatic stress disorders, insomnia and
obsessive-compulsive symptoms.
[38,39,40]

Cytokines secretion
IL-6, IL-2, IL17, GMCSF, TNF-a
[19,44]

Figure 1 Immunological mechanisms of neuropsychiatric manifestations derived from severe acute respiratory syndrome coronavirus 2

infection. COVID-19: Coronavirus disease 2019; CNS: Central nervous system; NPM: Neuropsychiatric manifestation; M: Macrophages; BBB: Blood-brain barrier;
GMCSF: Granulocyte-colony stimulating factor; IL: Interleukin; TNF: Tumor necrosis factor.

It seems possible that the hypothesis of cytokine storm being associated with
psychiatric manifestation induction is an indirect consequence of the hyperinflam-
mation. Previous studies regarding pandemics caused by respiratory viruses suggest
that diverse occurrence of neuropsychiatric symptoms can take place during or after
the acute infection, which may be underlined by the presence of persistent cognitive
deficits.

In the COVID-19 acute phase, besides the psychosocial stressor factors, it has been
argued that the infection underlying the pathophysiology of neuropsychiatric
manifestations, such as encephalopathy, psychosis, insomnia, and mood changes,
post-traumatic stress disorder, panic attacks, and anxiety, mostly seen in health care
workers and survivors of SARS-CoV infection, have been mainly attributed to viral
infection per se and secondary to the host immune response. In this way, direct viral
infiltration of the CNS can trigger an inflammatory reaction at the brain level leading
to local microglial activation, which in turn induces demyelinating processes that are
one of the primary causes of encephalopathy. In the absence of direct viral infiltration,
a peripheral cytokine storm causing an imbalance of neurotransmitters within the CNS
has been implicated in neuropsychiatric manifestations. This cytokine storm induces a
neuroinflammatory response causing disruption of the BBB, leading to peripheral
immune cell transmigration into the brain and, in turn, causes imbalances in neurotran
-smission.

It continues to be a challenge for researchers to elucidate the real core mechanisms
of COVID-19 associated neuropsychiatric complications due to general findings
caused by SARS-CoV-2 infection. This may be difficult to distinguish from the enceph-
alopathy arising from systemic infection without affecting brain tissue[29]. Evidence
such as the increase in IL-6 has been linked to high mortality in patients with COVID-
19[19], similar to the increase in this cytokine observed in other neuropsychiatric
disorders such as schizophrenia and depression[19].

Other arguments underlining the immunological mechanism identify that
peripheral myeloid cells are also infected by CoV[5], which can be recruited to

WJP | https://www.wjgnet.com 350 July 19,2021 | Volumel1l | Issue7 |

Jaishideng®



Jaishideng®

Robinson-Agramonte MA et al. SARS-CoV-2 and neuropsychiatric disorders

transmigrate to the CNS under an increased BBB permeability. Virus-infected
monocytes in the CNS can promote microglial activation as well as induce neuropsy-
chiatric symptoms[5,27,28]. The role of microglial activation in schizophrenia and
autism is well known[30,31,32]. Other mechanisms implicating mental disease in
COVID-19 are the close inter-relation between the systemic compartment and the
brain[7] (Figure 1).

NEUROPSYCHIATRIC FINDINGS IN THE COVID-19 PANDEMIC

Since the initial phase of the COVID-19 pandemic, a large number of studies have
shown the clinical symptoms and signs of the infection. These principally include
fever, cough, sore throat, dyspnea, nausea, diarrhea, and fatigue[27,33]. However,
numerous reports also reveal an accumulation of frequent neurological symptoms in
COVID-19 positive patients, such as dizziness, ageusia, fatigue, headache, impaired
consciousness, and anosmia[34-36].

Parallel to the neurological events, evidence is growing for neuropsychiatric
disorders that are also reported as secondary complications of SARS-CoV-2 infection
[37], which will be made clear in the few years. In this context, an exacerbation of
mental health disorders has been described in COVID-19 that include delirium,
cognitive impairment, mood alterations, and psychosis[38-40]. Delirium occurs in 90%
of COVID-19 cases, while cognitive disorder is also considered a direct consequence of
CNS infection by SARS-CoV-2[39]. Anxiety, depression, post-traumatic stress disorder,
insomnia, and obsessive-compulsive symptomatology, mainly in females, appear to be
quite common in COVID-19 survivors and coworkers with worsened scores on
psychopathological measures in those with a history of psychiatric comorbidities. In
addition, hypoxemia, a frequent clinical finding in COVID-19, can also produce mental
health impairment[38]. Thus, a consequence of acute respiratory syndrome and
associated relative hypoxia also shows worsening of attention, executive function, and
verbal memory[41].

An exaggerated immune response, under a dysregulated cytokine network,
occurring during the COVID-19 pandemic would also drive symptoms of visceral
stress with an impact on mental health[38,42]. In this line of thinking, authors have
defined a relationship between COVID-19 disease severity, somatic and psychiatric
symptoms, and cytokine levels in patients positive for SARS-CoV-2 infection. There is
also some evidence that patients with comorbidities and immunosuppression are more
susceptible to developing psychiatric disorders, such as cognitive impairment, anxiety,
and depression[43,44].

Considering the trajectory of the occurrence of COVID-19 around the world, from
its beginnings in China in December 2019, it is clear that not only patients but also
their family and the normal population are victims of the psychosocial impacts
derived from this pandemic[42,45]. From this viewpoint, it is clearly necessary to
investigate the behavioral aspects of this disease, either in the short- or long-term, to
identify a more valuable strategy to control the transmission by carriers and assess the
impact of COVID-19, not only in affected patients, but also in the general population.
We are proposing a diagram regarding the impact of the immunological mechanism
involved in SARS-CoV-2 infection by the occurrence of neuropsychiatric manifestation
as a tool of acknowledgment of the way the disease progresses which could allow
better management of the disease and prevention of the consequences in the short- or
long-term.

The long-term neuropsychiatric consequences of SARS-CoV-2 infection have been
demonstrated in a fraction of cases; however, they appear to be significant for the
future due to the global burden of COVID-19. In this context, to understand the
evolution and specificity of neuropsychiatric outcomes stemming from SARS-CoV-2
infection and to elucidate the pathogenic mechanisms involved in these events should
be useful in targeting critical interventions for the prevention of mental disorders
derived from COVID-19. Nevertheless, the work of psychologists and psychiatrists
concentrated on handling the psyche at clinics and paraclinics looking for more
effective evidence of recovery from the potential neurological consequences will not be
enough. It will be necessary to develop programs and strategies to achieve a more
humanist medical approach to promote the resilience of the individuals affected as
well as their parents to avoid the long-term occurrence of mental disorders due to the
lost connection between the body and the soul. This is the neurobiological substrate in
the development of neuropsychiatric disorders as a consequence of COVID-19. Finally,
an earlier understanding of the characteristics of neuropsychiatric outcomes stemming
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from SARS-CoV-2 infection and their pathogenic mechanisms will be necessary as an
intervention target to avoid the sub-acute or chronic neuropsychiatric consequences of
SARS-CoV-2 infection.

CONCLUSION

According to the numerous articles published since the beginning of the COVID-19
pandemic, it could be surmised that the accumulated knowledge would be enough to
understand many of the events occurring in this illness. However, there is not enough
data to understand the long-term consequences of this disease. The neuropsychiatric
dysfunctions as part of the group of disorders unknown in the evolutionary context of
COVID-19 could also be the result of an exaggerated host response against SARS-CoV-
2 infection. The impact on the permeability of the BBB which facilitates the migration
of immune cells to the CNS and their deleterious effect on neural function, followed by
deregulation of the cytokine network that affects mental health, are manifested more
frequently by anxiety, cognitive impairment and major depressive disorder. More
studies will continue to be necessary to address this topic.
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