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Abstract

Coronavirus disease 2019 (COVID-19) is asscciated with severe multiorgan clinical manifestations. Although
respiratory involvement is the predeminant manifestation in patients infected with COVID-19, involvement of other
organs, such as the nervous system, has also been identified; which highlights the virus' ability to disrupt the organs’
function. There is ample evidence of a nervous system susceptibility to the COVID-19. In this regard, the COVID-19
pandemic effect on psychological health, including insomnia, anxiety, obsessive-compulsive disorder, and depression
among health care workers and other high-risk groups has baen identified. So far, many studies have examined the
psychiatric manifestations in infected patients with COVID-19. Undoubtedly, awareness of these findings can help in
the prevention and timely treatment of these patients. This study aimed to review the possible mechanisms of
COVID-19 neuroinvasive potential, psychiatric manifestations, and the management of mental disorders in infected
patients.
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Introduction

In late 2019, a large number of unexplained
pneumonia cases were reported in Wuhan, China,
and quickly extended to other parts of the world,
which caused global concerns. Uldmately, this
outbreak was confirmed to be caused by a novel
coronavirus /I/. It was renamed by the World
Health Organization (WHQ) as coronavirus disease
2019 (COVID-19) and announced as pandemic on
11th March 2020 /2, 3/. Severe acute respiratory
syndrome (SARS CoV-2) is known as an enveloped

and single-stranded RNA virus that can enter human
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host cells through binding to the angiotensin-
converting enzyme (ACE2) receptor /4, 5/. Acute
respiratory distress syndrome (ARDS) is one of the
major manifestations of COVID-19 and is associated
with systemic inflammation which can result in
death by respiratory failure /6], Neurological
manifestations have been reported in patients with
COVID-19. It has been observed that more than
one third of infected patients experience various
neurological complications, such as headache, taste
and smell impairment, disturbed consciousness, and
acute cerebrovascular disease /7-9/. The virus affects
physical health as well as the psychological healch as
well as social and economic development /10/.

There is a neuropsychiatric relation between the
mental disorders and the prevalence of acute
respiratory infection which is related to the
prevalence of influenza and SARS occurred in the
past. During lockdowns for COVID-19 prevalence,
people may suffer from malaise, anger, and
loneliness; also manifestations of viral infections,
such as cough and fever, may also worsen cognitive
impairment and anxiety in people due to the fear of
COVID-19 infectionf11].

A recent study conducted on 214 cases of severe
coronavirus disease in Wuhan during the early phase
of the outbreak, claimed that about 36% of patiencs
experienced neurological symproms /7/. The effect of
the COVID-19 pandemic on psychological health has
been established. The disease increases the risk of
anxiety, insomnia and depression among healchcare
workers and other endangered groups /3, 12-23]. The
prevalence of depression, anxiety, insomnia, and acure
stress symptoms in general population was 27.9%,
31.6%, 29.2%, and 24.4%, respectively /20].

It is reported that psychological complications
persist in SARS patients; as a quarter of them had
posttraumatic stress disorder (PTSD) and15.6% of
patients were diagnosed with depression in about 2
years after experiencing SARS /24]. The evidences

suggest that infection with novel coronavirus could

also increase the risk for the development of
neuropsychiatric diseases. Therefore, it is of interest
to suggest the monitoring and examinations of
patients with COVID-19 for investigating associative
relationships between COVID-19 infection and the
development of disorders. The current review
discussed the psychological manifestations as well as
possible mechanisms by which COVID-19 is able to
invade the central nervous system (CNS), and finally

the management of psychiatric symptoms in patients

with COVID-19.
Mechanisms for the effect of COVID-19

infections on the central nervous system damage
Generally, the virus can reach to CNS through

two routes, neural pathways, and body fluids (such as

blood, lymph, and cerebral spinal fluid) /19/.

Neuronal pathway

The neurotropic viruses spread to CNS through
neuronal pathway as the main pathway. Viruses can
reach retrograde or anterograde neuronal transport
via the motor proteins and move by infecting motor
or sensory nerve fibers [25/. Transmission through
olfactory neuron is an example of a neuronal
pathway. The unique anatomical sctructure of
olfactory nerves and the olfactory bulb in the nasal
cavity and forebrain effectively create the channel
between the nasal epithelium and the CNS /25, 26/.
A potential route of viral spread into the brain is the
olfactory epithelium and cherefore cause hyposmia
[27]. The results of genetic and histological studies
of various cells in the olfactory tract showed that
ACE-Z and TMPRSS2 are expressed on olfactory
epithelial cells (especially supporting cells), but are
not expressed on olfactory sensory nerves /28-30/.

The virus may enter through sensory neurons of
the tongue, which transmit the sense of taste, and
then via cranial nerves (CN) VII, IX, and X, it
reaches the nucleus of the tractus solitarius,
thalamus, and finally the brain /37/. The virus could
access to CNS  from either the buccal epithelium via

trigeminal nociceptors and then CN V /31/.
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Blood circulation pathway

Studies have shown that other pathways,
including transmission via the blood circulation or
disruption of the blood-brain barrier (BBB), can
cause the virus to enter the CNS /31/. The virus may
enter the cerebral circulation through the general
circulation, where it damages the capillary
endothelium and eventually spreads to brain tissue
{31/, A virus may cross the BBB through three main
mechanisms:  paracellular  migration, transcellular
migration, and the “Trojan horse” strategy /32/. In
intracellular  migracion, the wvirus attacks host
endothelial cells to penetrate the BBB. During

paracellular  migration, viruses attack the rtight
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junctions made by BBB endothelial cells /33/.
During the Trojan horse strategy, the virus enters
host cells through the host phagocytic cells, such as
neutrephils and macrophages. The COVID-19 may
use one or a combination of these three mechanisms
to enter the host cell /33/. Studies have suggested
that after accessing the BBB, COVID-19 can attack
the host endothelial cells via binding to the ACE2
receptor, altering tight juncrion proteins made by
BBB endothelial cells, or phagocytosis by immune
phagocytic cells /33/. In either pathway, type 1
interferons (INFs) are released by cells infected with
COVID-19, which call immune and adjacent cells to

the presence of the pachogen (Fig. 1) /33/.

Trojan Horse

‘ Psychological Complications:

* Depression, Anxiety, PTSD
* Bipolar Disorder
hd + Obsessive Compulsive Disorder
! * Reactive Psychosis
A + Schizophrenia

Figure 1: possible entry routes for SARS- COV-2 into central nervous system and psychological manifestations

Pathophysiclogy of neuropsychiatric
manifestations in COVID-19
Angiotensin-converting enzyme 2
Angiotensin-converting enzyme 2 acts as a
protecting factor in a variety of organs and plays an
important role in blood pressure regulation and
anti-atherosclerotic mechanisms /34/. Tt is clear that
ACE2 receptor is also an important mediator for
the majority of coronaviruses and influenza viruses

[35-37]. The binding of virus to ACE2 receptors,

may elevate abnormally blood pressure and increase

the risk of cerebrovascular complications. In
addition, the virus may also enter the CNS by the
interruption of the BBB and due to the interaction
ACE2
endothelium and SARS-CoV-2 spike protein, it can
attack the blood vessels /38/.

SARS-CoV-2 can cause endothelial damage and

between expressed in  the capillary

enter the blood circulation by binding to the ACE2
receptor on the alveolar epithelial cells. Virus
infection can be very fast, due to the large surface

area of pulmonary alveoli [39/.



Psychiatric Complications in Patients with COVID-19

Hypoxia injury

Viral proliferation in alveolar epithelial cells can
cause many manifestations, including diffusing
alveolar inflammartory  secretion, swelling, and
formation of transparent membrane. Impaired
alveolar gas exchange leads to hypoxia of the nervous
system  and as a  result, increases anaerobic
metabolism in the mitochondria of brain cells /40/.
In addition, acid accumulation in the brain following
respiratory involvement can cause dilation of cerebral
arteries, swelling of brain cells, interstitial edema, and
even obstruction of cerebral blood flow, so that
headaches in infected patients may be due two

ischemia and congestion /40/.

Impact of cytokine storm on the BBB function

Damage to the CNS caused through viral
infection may be mediated via the immune system
[41]. Severe viral infection pathology is tightly
associated with the development of systemic
inflammatory response syndrome (SIRS). The SIRS
could be present in severe pneumonia due to
coronavirus infection, while the early intervention
with ancd-inflammatory agents could  effectively
inhibit immune damage and decrease the risk of
nervous system impairment /42, 43/. In addicion,
most of the deaths due o SARS and COVID-19
have been linked to multorgan failure (MOF) due to
virus-induced SIRS or SIRS-like immune disorders
[44, 45].

The persistence of coronavirus infection can lead
to damage to microglia, macrophages, and
astrocytes in the brain. A neurotropic virus could
stimulate a pro-inflammactory state by activating
glial cells /46/. Interleukin {IL)-6 a main mediator
of the cytokine storm, is strongly linked to the
severity of COVID-19 signs /47/. Furthermore, a
recent study showed the secretion of a wide range of
inflammatory factors, such as IL-6, TL-12, IL-15,
and tumor necrosis factor alpha (TNF-a) from
primary glial cells cultured in-vitro after being

infected with the coronavirus /48/. Also, immune

cell activation in the nervous system will cause brain
injury due to chronic inflammation.

Multiple studies have claimed elevated levels of
inflammatory factors associated with COVID-19
infection; for instance, high levels of pro-
inflammatory cytokines TIFN-y, TNF- a, and TL-G, as
well as low levels of anti-inflammarory cytokines TL-
2, TL-4, and TL-10 have been detected in infected
patients with COVID-19 compared to healthy
individuals /49/. These studies have suggested that
cytokine upregulation and systemic inflammation

may be associated with the severity of the disease

{30-52].

Psychiatric complications

Depression, anxiety, and PTSD

Previous studies have shown that respiratory viral
disease can be associated with acute and chrenic
mental health problems in people who have
experienced the infection. These people reported
psvchiatric complications, including depression and
post-traumatic stress disorder (PTSD) at 1 to 50
months of follow up [33-35/. A recent report
examining the pathology of psychology disorders in a
group of people surviving from COVID-19 within
one month after discharge from hospital, reported
high degrees of anxiety, depression, and PTSD /56

It is well known that coronaviruses have
neurotropic properties and can therefore cause
neuronal damage /57/. Coronaviruses could cause
psvchopachological impact either directly cthrough
CNS involvement or indirectly mediated wich
immune response /35/. In spite of possible invasion
of the brain, “cytokines storm” due to immune
response  to  coronaviruses can  also  cause
psvchological symptoms through neuroinflammartion
[58, 59].

Increased levels of interleukin (IL}-10, TL-6, TFN-
v, C-X-C chemokine ligand 10 (CXCL10), and
chemokine {C-C motif) ligand 2 {CCL2) suggest
activation of T-helper-1 detected in infected patients

with COVID-19. Unlike other SARS viruses, the
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levels of secretory T-helper-2 cell cytokines (such as
IL-4 and IL-10) increased in COVID-19 patients
{60, 61]. With higher concentrations of these
cytokines, a more severe clinical course is expected
{50/, The dysregulation of cytokines [especially TL-
1B, TL-6, IL-10, TFN-y, TNF-a, and transforming
growth factor-B {TGF-B)] are known as important
facrors that can cause mental disorders /62-65/. In
addition to the damage caused by immune responses,
many psychological stressors that patients experience
during the pandemic, including fear of disease and
social isolation and stigma could worsen the
psychological outcomes /14, 66].

To date, many mechanisms have been proposed
for the relationship berween immune responses and
mental disorders, including neurcinflammarion,
increased permeability of the BBB due 1o its
dysfunction, invasion of peripheral inflammarcory
factors into the brain, and hypothalamic-pituitary
adrenal (HPA) axis dysfunction /58, 67, 68].

INFs are important factors in innate immunity.
Type I INFs (alpha and beta) are released via cells
infected with viral pathogens and are known to
have antiviral effects against coronaviruses, such as
SARS-CoV-1 /69]. In two separate clinical trials,
INFs {(beta-1b and alpha-2b with or without
combination with other drugs) administration seems
to reduce viral shedding, symptom alleviation and
hospital stay in patients with mild to moderately
severe COVID- 19 /50, 70].

A study suggested that trearment with different
INFs alone or in combination with other antiviral
drugs could improve drug-induced depression [71/.
Tryptophan (TRP) is an essential aminc acid and a
precursor to the synthesis of serotonin. This amino
acid is needed for the synthesis of =serotonin {5-
hydroxyuytamine) or kynurenine. Any factor that
directs TRP to kynurenine production can cause
depression due to reduced serotonin synthesis. TRP
is mostly synthesized via the kynurenine pathway.

The two isoforms of indoleamine 2-3- dioxygenase

(TDO) and TRP 2,3-dioxygenase play important
roles in this pathway; since 1DOs are regulated by
IFN, so IFNs can change the catabolism of TRP
from serotonin to kynurenine [72/. Interferon-
induced reductions in serotonin  may cause
depression /7, 73/. Also, the limited amount of TRP
received through diet can cause depression in some
people and can even aggravate depression in the

patient [74-76].

Bipolar disorder

Probably, high levels of pro-inflammartory factors
and chemokines in patients infected with SARS-
CoV-2, lead to activated T-helper-1 cell responses
[50]. Previous studies have suggested, infection-
associated immune reactions and cytokine release, as
a potential mechanism for bipolar disorder (BD) /77,
78]. Also a recent study showed that inflammatory
changes are happened particularly during acute
episodes of mania in BD patients /79/. Furthermore,
a recent study detected high plasma levels of IL-6,
IL-10, and C-reactive protein (CRP) in the acuce
phase of the disease in a patient infected with SARS-
CoV-2 that presented with manic-like symproms
{51]. In addicion, there is a potential risk of relapses
in  patents presented with acute SARS-CoV-2
infection and a past psychiacric history /80).

Arypical antipsychotics (AA) are known as
common drug treatments for the teatment of BD,
schizophrenia and severe depression. A recent study
showed a highly inflammartory and adaptive immune
responses dysregulation through AA  (specifically
risperidone {RIS)) that can potentially lead to sudden
death in infected patients with COVID-19 /81).
During normal Toll-like receptor 4 (TLR4)-
mediated  signaling, levels of cytokines and
chemokines, including TNF-o, IL-6, IL-1B, IL-12,
IL-8, CCL5, macrophage inflammatory protein
(MIP}1 -0, MIP1-B, CxCL10, CxCL9, and CxCL11
are increased /82/. Risperidone also significantly
decreased TNF-a, 1L-6, IFNy, CxCL10, and CCL2
and dysregulated TL-1ra, IL-1a, TL-4, and MIP1-B
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{81]. Theretore, the dysregulation of immune
response to SARS-CoV-2 in BD patients via AA is
highly suspected.

Obsessive compulsive disorder

Obsessive compulsive disorder (OCD) is a chronic
intolerable disease that is characterized by obsessive
stressful behaviors and makes individuals to do
repetitive mental or physical actions in order to
reduce anxiety or avoid dreadful events [83/
According to psychologic findings, stressful incidents
could establish OCD pattern /84

compulsive disorder as a serious consequence of

Obsessive

preventive cares against COVID-19 could harm
patients with preexisting anxiety disorders /85, 86/.
The increased number of OCD have been reported
as a result of pandemics. In addition, fear of
contamination is a very common issue in QCD
patients /87, The COVID-19 pandemic have led
general population to allocated symptoms of OCD
and other similar anxiety disorders, such as obsessive
hand hygiene and overreact to infection /88/. Other
behaviors, such as the tendency to hoarding,
increased during the pandemic/89/. Anxiety and fear
can cause people to buy mask, soap, antisepsis, and
antiviral drugs more than their needs /87/ and chese

attitudes could induce OCD symptoms [90/.

Reactive psychosis

Reactive psychosis, also known as psychogenic
psvchosis, involves a series of acute and short-term
states of psychosis resulted from a psychological
trauma. Emotional reaction to stress is the main basis
for the formation of reactive psychosis [91]. The
COVID-19 epidemic has had negative effects on
health and the occurrence of stress and anxiety in the
community, not only due to the fear of contracting
the disease, but also due to the policies of the health
care systems in differenc countries /[14/. These
policies can lead to mental disorders, such as reactive
psychosis in the community due to the burden of

stress on individuals. Although stress studies have

limited the direct impact of the COVID-19

pandemic on the increase in reactive psychosis [92/,
in this disease, the risk of suicidal behavior is high
among patients /93/. For example, in a case-report, a
33-year-old married man without any history of
mental disorder was hospitalized due tw a sudden
period of psychotic suicide behavior. This person has
suffered from paranoid psychosis due to home
quarantine and worries about losing his job, and he
believed in the imminent end of the world. Suicide
was seen in the patient for reacting to this reactive
psychosis.  This padent completely passed all
symptoms of psychosis and suicidal ideation by
receiving 10 mg of olanzapine daily during 48 hours
[93]. As a result, COVID-19 epidemics and forced
quarantine are a risk factor for reactive psychosis, and
close clinical monitoring in the acute stages of the

disease is essential /93/.

Schizophrenia

Immune-response triggers have long been studied
in various studies on the pathogenesis of psychiatric
illnesses, including schizophrenia /94, 95/. Increased
CRP levels as a marker of immune activation can
play as a factor or triggering role in schizophreniform
psvchosis  /96/. Various inflammatory mediators
increase in the body of patients suffering from
COVID-19; one of them is 1L-6 /21, 22]. Increase
in serum IL-G levels of individuals is one of the most
important factors proving immunological risk factors
in the development of schizophrenia /97

Other clinical studies have reported that patients
suffering from COVID-19, who have recently shown
symptoms  of psychosis, have higher levels of
antibodies for various strains of the coronavirus than
control group. Particularly in patients with symptoms
of schizophrenia, anti NL-03 strain antibody were

measured to be above the average /98/.

Management

In order to relieve psychological impacts of
COVID-19 pandemic in general population, more
attention should be paid to mostly affected groups,

such as people <40, students, and those with
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preexisting  psychiatric  illnesses. In  addition,
governments should continuously provide true
pandemic-related information, to prevent panic from
false information. Also, governments must provide
easy access to mental health services for individuals
to relieve long-term impacts of quarantine /99, 100/
Due to limited in-person and delayed health services
as a result of quarantine, services could be provided
through online services [101].

Government intervention in various forms, such
as new employment oppertunities, financial support,
housing support, and encouragement of healthy
behaviors can affect suicide risk associated with
economic reasons [24/,

Individuals efforts is crucial o initially prevent
and then relieve their complications of psychological
distress, for example regular exercising or having a
healthy diet can significantly reduce depression and
stress [102-104]. Also keeping in touch with family
and friends via video calls and social media can
alleviate social separation distress [105/.

Yoga and meditation have been shown to be
beneficial in managing mental health issues /106,
1071, A recent swdy claimed that performing
progressive muscle relaxation has a positive and
strong effect on improving sleep quality and anxiety
reduction in patients infected with COVID-19
[108].

Conclusion

Evidence from previous pandemics strongly
suggests that infection, particularly with  viral
respiratory pathogens, is a risk factor for psychiacric
manifestations. So far, limited studies have been
performed on neuropsychiatric symptoms in patients
with COVID-19. However, based on the results of
previous respiratory virus epidemics, psychiatric
disorders can be considered a serious complication
for respiratory viral diseases. In addition to the fact
that SARS-COV-2 can cause damage to brain by
direct invasion, the experience of COVIDI9 as a

potentially incurable disease can cause severe distress,

which may lead to long-term behavioral changes, or
exacerbate a previous mental disorder. The possible
psychiatric complications are described that can
occur in patients infected with SARS-COV-2. As
discussed, patients with COVID-19 can experience a
wide range of psychiatric complications, which can
be due to the direct involvement of neurons with
COVID-19, systemic inflammation, the effects of
inflammatory factors and cytokines on nervous
system, neuroinflammation, glial dysfunction, and
abnormal epigenetic modifications in stress-related

genes.
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