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Abstract: Coronaviruses are neurotropic viruses capable of entering the brain through various
mechanisms and generating an important inflammatory response that is capable of triggering neu-
ropsychiatric manifestations. Several reports describe the appearance of different conditions, such
as sleep problems, anxiety and depression disorders, acute psychotic disorders, encephalitis, and
delirium, among others, associated with COVID-19 infection. We performed a literature review in
PubMed, Springer, Nature, MDPI, and other scientific journals on the relationship between COVID-19
infection with the development and aggravation of neuropsychiatric manifestations explained by
molecular changes secondary to SARS-CoV-2 where it was found that there is a relationship between
the virus and the development of these manifestations. Prospective neuropsychiatric follow-up of
people exposed to SARS-CoV-2 at different points in their lives, as well as their neuroimmunological
status, is necessary to fully understand the long-term impact of COVID-19 on mental health. It is
required to identify the risk of developing neuropsychiatric problems due to COVID-19 infection
to provide better medical care from a multidisciplinary team and improve the prognosis of these
patients as well as the treatment of long-term sequelae.

Keywords: COVID-19; coronaviruses; psychosis; mental health; psychiatric disorder; sequel; inflammation;
cytokine storm; neurocovid

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) corresponds to
a new variant of beta-coronavirus that is commonly known as Coronavirus disease 2019
(COVID-19). Being highly infectious, it quickly spread throughout the world. As of 13 July
2022, around 555,446,890 confirmed cases of COVID-19 are reported worldwide, with more
than 6.3 million deaths. In México, around 6.2 million confirmed cases and 326,097 deaths
have been reported [1].

The impact of COVID-19 on mental health is growing, and it is suggested that a
significant number of people affected by COVID-19: The general population, but especially
health workers, ethnic minorities living in conditions of overcrowding, people with pre-
existing medical conditions including mental disorders; who as if that were not enough,
also among these people there is a greater fear of getting vaccinated [2], and people exposed
to the virus by the nature of their employment. In general, the most economically and
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medically disadvantaged are at higher risk of exposure to the virus and developing mental
health sequelae secondary to COVID-19 [3,4]. Among health workers, it was found that
the most frequently reported short-term specific mental health problems were; depression,
generalized anxiety, insomnia, and post-traumatic stress disorder (PTSD) [5]. In contrast,
the main medium and long-term mental health problems include the consequences of
sustained anguish, such as burnout syndrome [5]. The increase in the probability of this
will depend mainly on the severity of the disease, the administration of medications that
may have a psychogenic effect, such as corticosteroids, and psychosocial variables [6,7].

Although most of the time, COVID-19 infection is related to respiratory symptoms, it
has been observed that it can cause neuropsychiatric complications, and although these
may be due to stressful, social, and psychological factors related to the impact of the
pandemic, there is evidence that the virus itself can trigger the onset of neuropsychiatric
syndromes [6]. Several studies have shown that coronavirus group (CoV), such as severe
acute respiratory syndrome (SARS-CoV-1) and Middle East Respiratory Syndrome (MERS-
CoV), together with COVID-19, can cause neuropsychiatric manifestations during acute
illness in patients with and without a previous psychiatric history [7,8]. In 2009, it was
shown that many SARS-CoV-1 survivors developed psychiatric morbidity that persisted at
4 years of follow-up, with 42.5% of such patients experiencing at least one psychiatric illness
after SARS-CoV-1 infection. The main diagnoses included: 54.5% PTSD, 39% depression,
32.5% panic disorder, and 15.6% obsessive-compulsive disorder (OCD) [9]. Similar findings
have been described in H1N1 influenza outbreaks in Europe, the Zika outbreak in Brazil,
and the earlier Nipah infection in Singapore [10]. Influenza pandemics, in particular, have
been characterized by an increased incidence of various neuropsychiatric symptoms [10].
Studies of past respiratory viral pandemics suggest that SARS-CoV-2 possibly also carries
the same risk [6,11,12]. Various types of neuropsychiatric symptoms may arise in the setting
of an acute viral infection or after variable periods of time after infection [10].

In 2021, Oxford University researchers analyzed a sample of 236,379 patients with
a confirmed diagnosis of COVID-19 and found that 33.62% of patients had a psychiatric
or neurological diagnosis at the 6-month follow-up period. People were diagnosed with
neuropsychiatric disorders ranging from anxiety to psychotic episodes [13]. The currently
available literature on the mental health impact of COVID-19 continues to emerge in first-
world countries, and information from low-income and developing countries are beginning
to appear, but at a considerably slower rate than in developing countries [14]. To date, the
evidence on the psychological impact of the COVID-19 pandemic continues to be scarce in
developing countries [13].

Immunity is known to play an important role in the genesis and severity of COVID-19
infection [3]. Supporting evidence includes the inverse relationship between neutrophil and
lymphocyte counts, elevated C-reactive protein (CRP) levels, erythrocyte sedimentation
rate (ESR), and severity of infection [15]. The notion that stress-induced inflammation can
induce affective symptomatology was first highlighted by the finding of the use of INF-α to
treat infectious diseases and cancer-induced depressive symptoms [16]. The neuroinvasive
and proinflammatory properties of the virus have been related to the appearance of de
novo neuropsychiatric disorders, as well as other systemic complications and increased
mortality secondary to more severe stages of the disease [3,12].

The objective of this review is to explain the relationship between COVID-19 infec-
tion and the development of neuropsychiatric disorders through biomolecular changes
secondary to a neuroinflammatory process; among them, we highlight: sleep disorders,
anxiety and depression, delirium, anosmia and ageusia, post-traumatic stress disorder,
psychosis, and encephalitis in patients with and without predisposing risk factors.

2. Materials and Methods

The search of references for this review was identified through searches of PubMed,
Medscape, Nature, Academic Google, SpringerLink, The Lancet, among others, of pub-
lished articles, combining the terms “COVID-19” and “psychiatric disorder“ with the terms
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“coronaviruses”, “psychosis”, “mental health”, “sequel”, “inflammation”, “cytokine storm”
and “neurocovid”. Articles resulting from these searches and relevant references cited were
reviewed on those items. Articles with novel or recent content and observational studies
that reported the prevalence of sequelae of COVID-19 were included.

3. COVID-19 and the Cascade of Cytokines

These recent decades of coronavirus infections share similar immunological features
and pathological impact, which can be classified into four main aspects: viral replication
in innate immune cells, dysregulated immune response, cytokine storm, and antibody-
mediated response [17].

The SARS-CoV-2 infection causes a varied clinical picture of infection that ranges
from its asymptomatic course to critical illness that can consist of SARS and multi-organ
failure [18]. Although observational studies reported older age and the presence of comor-
bidities as risk factors for increased disease severity, it quickly became clear that severe
disease can also occur in younger patients without underlying medical conditions. Higher
levels of inflammatory markers in the blood (including CRP, ferritin, and D-dimer), a higher
ratio of neutrophils to lymphocytes, and elevated serum levels of several cytokines, as
well as proinflammatory chemokines, have been associated with the severity of the disease
illness and death from COVID-19 [18]. This reminds us of the critical role of an effective
host immune response and the devastating effect of immune dysregulation in SARS-CoV-2
infection [19]. As seen since the 1918 influenza pandemic, a cytokine storm secondary to
hyperinflammation has been suggested to be responsible for this deleterious course of the
disease, leading to terminal outcomes in both the young and elderly, with and without
pre-existing comorbidities [6].

3.1. Pathogenesis of Cytokine Storm

The cytokine storm or cytokine release syndrome (CRS) is a life-threatening systemic
inflammatory syndrome involving elevated levels of circulating cytokines and hyper-
activation of immune cells. A cytokine profile resembling CRS is also associated with
COVID-19 [18]. Regarding SARS-CoV-2, the cytokines that are important in hyperinflam-
mation include: interleukin n (IL)-6, IL-8, IL-9, IL-12, IL-17, IL-18, IL-33, IL1-β, MCP-1,
GCS-F, IP 10, CCL1–3, IFN-γ, TNF-α, among others [18–20]. Of all these, IL-6 and TNF-α
are considered the main proinflammatory cytokines in the pathogenesis of CRS due to
COVID-19. IL-6 is an acute-phase interleukin capable of promoting macrophage activa-
tion syndrome (MAS), which consists of the massive and poorly controlled differentiation
of monocytes into macrophages, triggering the massive production of proinflammatory
cytokines and inducing the migration of neutrophils and fibroblasts towards the affected
epithelium [20]. It also causes deleterious induced endothelial activation and infiltration
of neutrophils, resulting in nitric oxide (NO)-mediated changes in vascular permeability
and loss of vascular tone [19]. Clinically it is reflected by the increased ratio of neutrophils
to T lymphocytes (LT) and the development of septic shock [21]. In the same way, TNF-α
has a similar role with proinflammatory actions in COVID-19. Increased serum levels of
TNF-α are associated with greater severity of CRS, [18] in addition to inducing lympho-
cyte apoptosis, producing lymphopenia; a commonly reported clinical finding of severe
COVID-19 [13,20,22].

Another important contributor to CRS is delayed or insufficient secretion of type 1
interferon (IFN-1) early in the immune response, as this has been associated with increased
MAS and worsening of the cytokine storm [13,23]. It is possible that IFN-1 induces the
expression of SARS-CoV-2 entry receptors, allowing the virus to access the cytoplasm of
macrophages and stimulate inflammasomes; a group of multimeric protein complexes that
respond to pathogen-associated molecular patterns (PAMPs), damage-associated molecular
patterns (DAMPs), and environmental toxins [17]. In COVID-19, the nucleotide-binding
domain inflammasome, leucine-rich repeat (LRR), and pyrin domain-containing protein
3 (NLRP3) are activated in response to infection. NLRP3 is an intracellular sensor that
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is activated by cellular stress through PAMPs (bacterial, viral, and fungal infections) and
DAMPs, resulting in the formation of the NLRP3 inflammasome with elevated levels
of caspase-1, IL-1, and IL-18 and increased pyroptosis, an inflammatory form of cell
death [13,24] IL-1β secretion can amplify the activation of monocyte-derived macrophages
in an autocrine or paracrine fashion, enhancing MAS and further contributing to the
massive production of proinflammatory cytokines [13] (Figure 1).
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On the other hand, the initiation of inflammation-induced coagulation is almost al-
ways mediated by the expression of tissue factor (TF). TF is expressed in response to
proinflammatory cytokines (primarily IL-6) as well as on vascular endothelial cells, and
its expression is known to lead to fibrin-based blood clot formation. Clinically, elevated
D-dimer is observed, which predicts a poor prognosis of COVID-19 infection. This occurs
initially within the microcirculation to prevent pathogenic material from moving into larger
vessels. Unfortunately, this increases microvascular complications, including microthrombi
and capillary hemorrhage [19]. Additionally, major natural anticoagulant pathways are
almost always affected during inflammation, further contributing to the spread and for-
mation of these clots. In the absence of vascular injury, the initiation of coagulation is
entirely dependent on the recruitment of TF-expressing inflammatory monocytes by acti-
vated endothelial cells [13]. SARS-CoV-2 infection is known to enter a critical phase when
multi-organ damage and circulatory collapse develop. In some cases, myocardial infarction
in COVID-19 can be triggered by cytokine-induced microvascular dysfunction [18]. In
addition to microvascular events, COVID-19 is associated with increased arterial throm-
bosis and an increased incidence of venous thromboembolic events, such as pulmonary
embolism. It is known that the CNS can synthesize its own cytokines through type 1
astrocytes and microglia. A cytokine storm might trigger an acute hemorrhagic-necrotizing
encephalopathy resulting from COVID-19, a rare complication that has also been observed
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in influenza and other viral infections and is postulated to be associated with intracranial
cytokines storm [18]. Severe systemic inflammation coupled with cytokine storm is the
main cause of tissue injury in COVID-19, which can lead to SARS, organ failure, and
death [24].

Alterations in the expression of immune genes also play an important role in the
increase in systemic inflammation. A study carried out in female rhesus macaques exposed
to chronic psychosocial stress associated with social subordination shows that low social
status causally alters the expression profiles of immune genes of NK cells, B lymphocytes,
T helper lymphocytes, and T cytotoxic lymphocytes towards expression profiles denoting
further lymphocyte disruption, increased innate immune responses, and increased cytokine
responses. Following this context, a variety of chronic stressors have been found in humans,
including low socioeconomic status, social isolation, or stress generated by the current
pandemic [16].

3.2. COVID-19 and the Central Nervous System

The new variant of the SARS-CoV-2 coronavirus belongs to the CoV group. This group
is considered neurotropic, of which there are mainly two routes of invasion to the central
nervous system (CNS): neuroinvasion through the bloodstream (hematogenous retrograde
route) and neuroinvasion through peripheral nerves (neuronal route) [23].

In the hematogenous retrograde route, the virus can pass the blood-brain barrier
(BBB) to the nervous tissue by a transendothelial mechanism. Systemic viral infection can
lead to BBB breakdown induced by microglia activation; these innate immune cells release
factors, such as: proinflammatory cytokines, eicosanoids/prostanoids, NO, and neurotropic
factors, causing a proinflammatory environment [25]. More recent data indicate that
stress-induced activation of NF-κB and TNF signaling pathways in endothelial cells of the
nucleus accumbens locally reduces BBB integrity, leading to increased BBB permeability and
compromise [16], a mechanism that allows the infiltration of inflammatory mediators and
pathogens that reside in the circulation. Once in the brain, cytokines can influence behavior
through their ability to alter the metabolism of neurotransmitters, including monoamines
and glutamate. These effects of central cytokines on neurotransmitters are mediated by
the effects on the synthesis, release, and reuptake of neurotransmitters, decreasing the
levels of some of these, such as serotonin and dopamine, but can also generate an increase
in oxidative stress secondary to excitotoxicity of some other neurotransmitters such as
glutamate [16] further exacerbating inflammation in the CNS, causing the destruction of
healthy tissue and, finally, deterioration of brain function if the acute inflammation does
not cease [23,25].

The release of proinflammatory cytokines such as IL-6, IL-8, IL-10, IL-18, TNF-α, IL-1β,
and GM-CSF; have been found in patients with the first episode of psychosis [3,12]. In one
study, high levels of IL-6 were reported to have been detected in plasma, cerebrospinal
fluid (CSF), and postmortem prefrontal cortex of subjects with suicidal ideation, nonfatal
suicide attempts, and completed suicides. Circulating IL-6 levels have also been correlated
with suicidal behaviors, personality disorders, aggressiveness, and impulsiveness [22,26].
This proves the role of cytokines in the regulation of emotions and behaviors through the
interaction with specific areas of the brain and different neural pathways, demonstrating
the impact of COVID-19 on the brain [26,27].

SARS-CoV-2 is believed to enter the CNS through this pathway where the structural
protein S of the coronavirus binds to the angiotensin-converting enzyme 2 (ACE2) receptor,
the cellular input receptor in both neurons and glia [3]. Although the general levels of this
receptor within the CNS are low compared to other organs (vascular endothelium or the
lungs) [23], its involvement in the pathogenesis of neuropsychiatric symptoms in patients
with coronavirus has been proposed. Within the CNS, the general expression of ACE2
receptors is relatively high in dopaminergic, serotonergic nuclei, and the substantia nigra
(basal ganglia), lateral ventricles, and glutamatergic neurons (cerebral cortex), which are



COVID 2022, 2 1275

areas implicated in schizophrenia [3]. One possible hypothesis is that these areas, due to
their relatively high concentration of ACE2 receptors, are more vulnerable to the virus [3].

Neuroimaging studies have shown that the creation of this proinflammatory envi-
ronment, as well as endogenous inflammation in patients with a history of depression,
can alter the functional connectivity and activation of brain regions involved in the patho-
physiology of stress-related psychopathology including the prefrontal cortex, striatum,
dorsal anterior cingulate cortex, and amygdala. These studies indicate that inflammation
decreases functional connectivity between the prefrontal cortex and the striatum in a way
that predicts reward deficits, anhedonia, and psychomotor slowing [16].

One longitudinal imaging study investigated brain imaging changes in UK Biobank
participants before being infected by SARS-CoV-2 and, on average, 38 months later after
having tested positive for COVID-19. The study revealed a significant deleterious impact
associated with SARS-CoV-2, such as longitudinal reduction in gray matter thickness and
tissue contrast in the orbitofrontal cortex and the parahippocampal gyrus, greater changes
in markers of tissue damage in regions that are functionally connected to the primary
olfactory cortex, and a greater reduction in global brain size in the SARS-CoV-2 cases
among COVID-19 survivors [27].

Basal ganglia dysfunction and related disorders appear to be present as a result, as
the basal ganglia and other structures are likely to be affected by aberrant hemorrhagic or
primarily neuroinflammatory processes in the CNS [28].

Regarding neuroinvasion through peripheral nerves, the neuronal route consists of
some viruses infecting and migrating through peripheral nerves as a second entry route to
the CNS. In this process, neurons play an essential role since these cells innervate peripheral
organs, and thus, viruses use them as a gateway to the CNS. Another possible route involves
hematogenous spread to the CNS via infected leukocytes [3]. This mechanism is known as
a “Trojan horse” [12].

In this sense, research carried out in mouse models shows that the OC43 strain (HCoV-
OC43) of the coronavirus has a preferential tropism to infect neurons compared to other
neural cells (oligodendrocytes, astrocytes, microglia). Mice inoculated with HCoV-OC43
developed signs of acute encephalitis secondary to neuronal apoptosis. These mice were
found to have behavioral abnormalities with viral RNA persistence in the brain for several
months. These findings suggest that respiratory viruses with neuroinvasive potential can
induce neuronal cell death and consequent psychosis in vulnerable individuals [3,8].

Finally, other factors that are predisposed to neuroinfection by COVID-19 include
patients with a psychiatric history, unfavorable psychosocial conditions (for example, stress,
fear of the pandemic, insufficient social support, reduced physical activity, and affectations
during isolation such as irritability, changes in emotional control, loss of expectations in the
future, motivation and attention span) [2], and suffering from adverse drug reactions (for
example, high doses of corticosteroids, hydroxychloroquine, ivermectin), as well as being a
carrier of SARS-CoV-2 strains HKU1 and NL63 (as patient IgG levels for these coronavirus
strains were significantly higher in patients with psychotic symptoms in compared to
controls, suggesting that these two coronaviruses may be risk factors for neuropsychiatric
disease) [3,4].

4. Neuropsychiatric Manifestations Secondary to COVID-19 Infection

The neuroinflammation induced by SARS-CoV-2 infection and the alteration of neuro-
transmitters may correlate with the appearance of neuropsychiatric manifestations. Studies
have shown that increased public restrictions, stressful hospital care, concern about infect-
ing others, and stigma can have a significant impact on the mental health of survivors [29].

During the first wave of infection in China, a study retrospectively analyzed 214 pa-
tients with a molecular diagnosis of COVID-19 from three different hospitals. A total of
36.4% presented neuropsychiatric symptoms, which were differentiated into central, periph-
eral/musculoskeletal, and neurological symptoms [11]. The most frequent central symptoms
were dizziness and headache. Dysgeusia, anosmia, and muscle pain were the main peripheral
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symptoms, and finally, anxiety, depression, and delirium were the most common psychiatric
manifestations [7,11].

In a study carried out in México, a questionnaire was sought to identify how social
isolation had impacted the mental health of 1011 participants. It was observed that 38%
showed important affection for personal hygiene and eating habits. Depression and suicidal
ideation were increased in 46% of participants, while 2% of people reported symptoms
suggestive of PSTD [2]. Another study showed that the sector of the Mexican population
most affected during the pandemic were young unemployed women who manifested
symptoms of anxiety, depression, avoidance, and, in the event of the loss of a loved
one, pathological grief [14]. Currently, evidence for acute neuropsychiatric symptoms in
COVID-19 cases continues to emerge [10].

4.1. Sleep Disorders

In the face of the COVID-19 pandemic, sleep has become essential due to its multiple
benefits for physical and mental health. Lack of sleep can alter the circadian system, one
of the most profound ubiquitous biological mechanisms influencing sleep and mental
health [30], and consequently affect psychological functioning and decision-making, in-
crease accidents, cause mood swings and alter the immune response; committing in vivo
antibody responses to novel antigens, thus increasing the risk of becoming infected by
SARS-CoV-2 virus [29,31,32].

Sleep difficulties have been called “Coronasomnia” or “COVID-somnia” during the
current pandemic. Coronasomnia is caused by a combination of factors: variations in the
circadian cycle caused by changes in light exposure during confinement (altering normal
routines in terms of reduced physical exercise, daylight exposure, and the increasing use
of technological devices such as cell phones, laptops and watching TV during lockdown),
chronic stress (both physical and emotional such as financial distress or have been in
confinement [30]), the long-term effects of the immune response to SARS-CoV-2 infection
and changes in sleep/wake cycles. All of these factors have negatively impacted sleep
quality and quantity among COVID-19 patients [4,31]. COVID-19 patients were expected
to have the highest frequency of sleep disturbances due to their main symptoms, such
as cough, fever, and shortness of breath, which have been associated with insomnia or
hypersomnia [32].

In the general population, studies have revealed a delay in bedtime and waking time,
as well as a reduction in the duration and general quality of sleep during the night and an
increase in daytime naps [4,33]. According to a recent systematic review and meta-analysis
of 44 publications comprising a total of 54,231 people, the pooled global prevalence rate of
various sleep difficulties among all groups was 35.7%. COVID-19 patients were found to be
the most affected, with a combined incidence of 74.8%. Sleep disorders were also found to
affect 36.0% of health professionals and 32.3% of the general population, respectively [32].
Insomnia, depression, and anxiety were common in nurses and doctors working in health
care units, contributing to a high risk of developing poor mental health outcomes [4,34].
Even if people have recovered from the acute illness, sleep disturbances persist.

The International COVID Sleep Society (ICOSS) conducted a multinational survey
using a harmonized questionnaire with a total of 22,151 participants to assess the possible
changes in the frequency and presentation of various sleep problems in relation to COVID-
19 and confinement. The survey incorporated multiple questions related to sleep problems.
The data clearly show that all sleep and daytime problems increased relative to before
the COVID-19 pandemic. In fact, the prevalence of most of the problems (poor sleep
quality, sleep onset problems, sleep maintenance problems, fatigue, excessive sleepiness,
and falling asleep during the daytime) increased by about more than 10%. More than 20%
of participants reported a worsening in sleep quality [31]. Furthermore, the prevalence
of nightmares increased significantly. This increase may be related to increased levels of
stress, anxiety, depression, post-traumatic stress disorder, or even suicidal ideation during
the lockdown caused by the pandemic. Furthermore, nightmares and acting out in sleep
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are associated with rapid eye movement (REM) sleep behavior disorder, which in turn
is a known risk factor of alpha-synucleinopathies [31], a group of diseases that have in
common the abnormal deposition of a-synuclein in the cytoplasm of neurons or glial cells
as in Parkinson’s disease and Lewy Body Dementia.

Finally, another study by the Sleep Research Society (SRS) sought to examine whether
the COVID-19 pandemic has had different effects on sleep and mental health based on
individual circadian types (morning, intermediate, and evening-type). Evening types
suffered more sleep problems, such as poor sleep quality, problems with sleep onset and
maintenance, excessive sleepiness, daytime fatigue, nightmares, and more hypnotic use
than other circadian types both before and amid the pandemic. The prevalence of having
depressive or anxiety symptoms among defined night types was also higher than the
prevalence of not being depressed or not having anxiety. Furthermore, evening types
had more stress, repeated disturbing thoughts and memories, and feeling upset about the
past than definite morning types [30]. These findings are in line with previous studies
indicating a higher risk for sleep and mental health problems among evening types already
in adolescence as well as in adulthood [35].

4.2. Anxiety and Depression

Depression and anxiety together are estimated to be responsible for at least 8% of
years lived with a disability [2]. Psychological variants such as isolation, fear of the
pandemic, insufficient social support, and reduced physical activity were associated with
anxiety, while patients with pre-existing mood disorders reported increased distress and
depression [4]. Concerns about one’s own health and the health of the family cause concern
and increase the risk of depression, anxiety, panic disorder, trauma-related illnesses, and
OCD [36].

A meta-analysis of 43 community studies on the prevalence of anxiety concluded that
the prevalence of anxiety during the COVID-19 pandemic is three times higher compared
to the pre-pandemic world. Similarly, a meta-analysis of 29 studies reveals that anxiety
and depressive symptomatology among children and adolescents is twice as high as in
pre-pandemic periods [4,37].

4.3. Acute Psychotic Disorder and Manic Disorder

An acute psychotic disorder is characterized by the appearance of hallucinations and
delusions lasting at least a day but less than a month, with an eventual return to normal
pre-illness functionality. More complex psychotic disorders, such as schizophrenia, are
characterized by abnormally high mesolimbic dopamine (DA) signaling in the brain that
mediates positive psychotic symptoms; hallucinations, delusions, disorganized behavior,
and thoughts, while decreased DA signaling mesocortical is associated with negative
psychotic symptoms; abulia, alogia, anhedonia, and social withdrawal. Such altered
dopaminergic signaling could be mediated by inflammation due to the negative effects of
cytokines on DA synthesis, packaging, release, and reuptake [25].

So far, several cases have been reported that mention the appearance of acute psy-
chotic disorders in cases of COVID-19. Some have been first-onset, while other patients
with previous diagnoses of schizophrenia and a history of suicidal behavior have seen
exacerbations after SARS-CoV-2 infection, even while taking medication [11,12,38,39].

Most of these cases report a broad spectrum of immune system dysregulation [40],
with elevated proinflammatory cytokines such as IL-6, TNF-α, and IL-1β, leukocytosis at
the expense of neutrophilia, lymphopenia, elevated CRP, D-dimer, and ferritin. Although
not all of these values were measured in all cases, this similarity is shared in most.

In order to conceptualize the risk of the onset of psychosis in subjects infected with
SARS-CoV-2, it should be emphasized that high levels of IL-6 correlate with reduced
hippocampal size in schizophrenic subjects, which explains, at least partially, its cognitive
deficit. Furthermore, elevated levels of IL-6 were detected in the CSF of schizophrenic
subjects. Even more intriguing is the observation that high levels of IL-6 in adolescents
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are positively correlated with the onset of psychosis in adulthood [3,41]. Another study
correlated elevated IL-6 with endophenotypic suicidal behaviors, such as personality trait
disorders, aggressiveness, and impulsiveness [22,42].

In addition, among the presence of factors that predispose the appearance of psychotic
outbreaks in patients with which COVID-19 has been associated, the following stand out:
genetic vulnerability, abnormalities in neurotransmission, stressful situations (such as the
pandemic), and exposure to factors environmental [26]. The available evidence suggests
that schizophrenia is one of the psychiatric illnesses with the highest risk of morbidity and
mortality due to the pandemic [2]. A study conducted in Denmark with 144,321 patients
revealed that those diagnosed within the spectrum of schizophrenia had a higher risk of
having more severe symptoms and dying within the first 30 days [2,43].

Finally, it is suggested that viral infection can trigger bipolar disorders. It has been
reported to trigger an initial manic episode in which episodes of mania or hypomania
may follow symptomatic COVID-19 infection, even in previously healthy subjects. Risk
factors for the development of mania and hypomania include psychosocial stress, increased
inflammatory biomarkers, and a history of a bipolar affective disorder [4,44].

4.4. Delirium and Confusional State

Delirium, a syndrome characterized by an acute change in attention, consciousness,
and cognition, is caused by a medical condition that cannot be better explained by a pre-
existing neurocognitive disorder [45]. Various studies have reported this syndrome in patients
affected by SARS-CoV-2, especially in hospitalized older adults compared to younger patients.
This clinical manifestation can be a central symptom in the presentation of severity, even in
the absence of respiratory symptoms [24,46]. Currently, there is still insufficient evidence
to definitively elucidate the pathophysiological role of SARS-CoV-2 in the development of
delirium; however, it is believed that its development may be multifactorial. When the virus
invades the CNS, delirium could manifest directly due to neuronal damage secondary to
inflammation (Figure 2).
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It was shown that hospitalized people who develop delirium have significantly higher
levels of IL-6, TNF-α, IL-B, and IL-8, but not IL-1, IL-10. Patients with delirium have lower
levels of insulin-like growth factor type I (IGF-I), and recovery from delirium is better in
those with elevated IFN-γ levels [47] or indirectly due to hypoxia caused by alterations in
the function of the medullary respiratory centers [46]. It is also believed that pre-existing
cognitive deficits such as dementia, metabolic disorders, urinary retention, prolonged
hospitalization, concomitant infections, fluid and electrolyte imbalance, and prolonged
use of hydroxychloroquine may be associated contributing factors [12,19,48]. Some of the
characteristics that were observed in patients with delirium and that may support their
diagnosis were: alogia, abulia, rigidity, and increased inflammatory markers [12].

4.5. Anosmia and Ageusia

Dysfunction of the perception of smell and taste has been associated as one of the
first symptoms and screening criteria for COVID-19 infection. It has been proposed that
the CoV group, especially the alphacoronavirus, has an affinity for the ciliary columnar
epithelium because the ACE2 receptor is also expressed in the olfactory lining [10,12,24].

In a recent study, 100% of the patients in the subacute stage of the disease were
displaying signs of hypogeusia or ageusia, and 86% displayed signs of either hyposmia or
anosmia [27].

The unique anatomical organization of the olfactory cells; neuronal or supporting cells
concentrated in the olfactory epithelium, the olfactory bulb in the nasal cavity, and its contact
with the midbrain effectively make it a channel between the nasal epithelium and the CNS [23].
These structures are particularly vulnerable to invasion by the CoV group, and this appears to
be the case specifically with SARS-CoV-2. Such loss of olfactory sensory inputs to the brain
could lead to loss of gray matter in brain regions related to smell, which could be a likely
mechanism for anosmia or hyposmia in the early stages of COVID-19 infection [27]. While
postviral olfactory syndrome, a known complication of viral infections (e.g., influenza virus
and herpesvirus), may also be associated with COVID-19, as penetration of the sieve plate
and involvement of the piriform cortex is common during infection [12]. Additionally, a
recent study of patients who died of COVID-19 identified structural brain abnormalities on
postmortem brain imaging, with 21% of subjects having asymmetric olfactory bulbs [49].

4.6. Post-Traumatic Stress Disorder

It is generally, though incorrectly, assumed that once the trauma passes and the subject
is no longer under the pressure of stress, the path to steady recovery begins. Unfortunately,
this is not always the case as, in susceptible individuals, active stress triggers certain brain
processes whereby traumatic memories suddenly resurface and disrupt mental health [20].
One of the main therapeutic tasks with traumatized patients is the restoration of security
and a sense of security [50] since if this is not the case, the persistence of these conditions
generates PTSD [42].

Due to the marked impact of stressors on the immune system, it is not surprising that
PTSD is associated with the immune response [42]. Increased concentrations of proinflam-
matory factors in both the systemic circulation and the brain have been observed in the
setting of PTSD [51]. Neuroglial activation induced by intense or persistent stressors such as
abuse, isolation, or trauma can stimulate the aberrant secretion of proinflammatory signals
that could potentially facilitate the onset of PTSD. A marked increase in proinflammatory
molecules has been confirmed in PTSD subjects, including IL-6, TNF-α, and IL-1β1 [41,51].
In addition to changes in cytokines, PTSD is also related to increased expression of NF-κB,
a transcription factor involved in the process of inflammation where its elevated expression
directly correlates with PTSD severity [41]. Furthermore, PTSD tends to be comorbid with
both depression and anxiety, drug addiction, and a high frequency of suicide since all these
conditions share common inflammatory mechanisms in their pathogenic processes [52].
However, it remains to be elucidated whether, in all cases, the relationship is mutual,
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the predisposing factors together with the inflammatory factors play a causal role in the
appearance of PTSD.

PTSD may be a likely outcome for patients with COVID-19. This is due not only to
the severity of the systemic inflammation and viral invasion in the brain but also to the
severity of the stress caused by an unexpected pandemic that, due to the high mortality,
has had an important value [41]. According to a survey conducted one month after the
epidemic in Wuhan, the prevalence of PTSD in a sample of 285 patients was 7% [4].

There has been a growing recognition in recent years that the traumatic effects of
ongoing threat exposure are complex and go beyond those specified for PTSD in the
Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) [50,53]. Since
these criteria were designed to assess post-traumatic stress in a single traumatic event, their
diagnostic capabilities in multiple traumatic events or ongoing exposure to threats, such as
both physical and emotional consequences of the COVID-19 pandemic, are limited [50].
‘Continuous Traumatic Stress Response’, ‘Lifetime Cumulative Adversity’, ‘Continuous
Traumatic Stress’, and ‘Continuous Traumatic Situations’ are some of the terms used to
represent the image trauma seen among exposed people to an ongoing security threat and
to differentiate it from the typical PTSD assessed by the DSM-5 [50]. Using standardized
and reliable details to assess traumatic stress reactions in these situations will allow for
more accurate diagnosis and more effective treatment protocols.

A recent study compared bereavement symptomatology in participants who had lost
someone due to the pandemic with those who had lost someone due to natural causes
(illness or old age) and unnatural causes (accidents, suicide, or homicide). The researchers
found that as a result of COVID-19, mourners reported more severe symptoms of prolonged
grief disorder and persistent complex grief disorder. This is because mourning in these
circumstances was more difficult and more symptomatic due to the very restricted visits
where family members could not be at the patient’s bedside, causing poor communication
and lack of support. The relatives reported a lack of relationship with the doctor and a lack
of understanding of what happened; an uncomfortable feeling of loneliness, abandonment,
unreality, and impotence. In some cases, the denial of the death of the family member [2,54].
Participants continued to show indicators of emotional distress, specifically post-traumatic
stress symptoms (avoidance and arousal), even after 6 months of the study [14,54].

4.7. Encephalitis and Encephalopathies

Sequelae of encephalitis with altered consciousness have been reported during H1N1
influenza and MERS-CoV infection [17]. Although initially reported as a rare association
in the current pandemic, multiple case reports of encephalitis have been reported since
the first wave of infection [4,17]. The cytokine storm, characterized by the increase in
proinflammatory cytokines in the circulation, mainly IL-6, TNF-α, IL-8, IL-10, and IL-2R,
is increased in up to 20% of positive cases of COVID-19 who have been diagnosed with
persistent encephalopathy, suggesting that this may underlie the encephalopathy [10,17,19].
In general, encephalopathy has been considered to be the most serious acute neurological
effect of COVID-19 infection [7,12], especially in patients receiving intensive care and
ventilation, increased drowsiness, agitation, and confusion in those who had increased
blood cytokines [8,55]. In addition, factors such as pre-existing cognitive deficits, age, and
chronic psychiatric illnesses may increase post-Intensive Care Unit (ICU) recovery time and
cause persistent neuropsychological sequelae in such patients, including mild cognitive
impairment up to 18 months post-ICU high [10,12,17,55]. Encephalopathy usually recovers
within a few days, although it can last for weeks or months and is often aggravated by
subsequent bacterial infections. Pre-existing diagnoses, such as dementia, subarachnoid
hemorrhage, and epilepsy, were found to increase the risk of neurocognitive effects [4].
Neurological symptoms were directly related to the severity of the disease, serum antibody
titers, and blood lymphocyte counts [11], which have been reported in studies with patients
with SARS-CoV-2 infection and encephalitis.
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5. Chronic Neuropsychiatric Conditions

The long-term physical and mental sequelae of COVID-19 are a growing public health
concern [29]. Higher incidences of depression, anxiety, adjustment disorders, acute stress
reaction, somatization, and OCD have been reported [56]. It is not yet clear if this is due
to adverse psychosocial situations and the uncertainty of the crisis that the pandemic has
been leaving or if the virus has a direct effect on the CNS contributing to it.

These manifestations are considered part of what is known as “Long COVID”, which
is defined as persistent symptoms after COVID-19 illness; these symptoms should be
persistent or occur as novel symptoms approximately 3 months after being infected by
SARS-CoV-2 and last at least 2 months. It is considered a multisystem disorder with
several distinct pathological mechanisms. The three most common symptoms are: fatigue,
shortness of breath, and cognitive dysfunction [35,57], but also others, such as dyspnoea,
headache, and anosmia [35], that generally impact daily functioning [58]. On the other
hand, there is the post-COVID condition, which generally occurs 3 months from the onset
of COVID-19 with symptoms that last at least 2 months and cannot be explained by an
alternative diagnosis. Symptoms may recur after initial recovery from an acute episode
of COVID-19 or persist from the initial illness. Symptoms can also fluctuate or regress
over time. In particular, it is not yet clear whether the definition applies to both adults
and children and adolescents due to the paucity of available data among younger age
groups [59,60]. Both terms converge in that they are chronic conditions secondary to an
infection that are not explained by another diagnosis and that can trigger neuropsychiatric
manifestations, including illness and exhaustion months after infection [4].

Animals have shown increased behavior problems, and poor performance in maze
search tasks, social games, mating, and learned helplessness after nasal inoculation of
coronavirus [12,56], and the translation to humans remains uncertain. However, pandemic
responses have classically been associated with increased psychiatric morbidity. Thus far,
increases in PTSD, depressive disorder, OCD, and sleep problems have been mentioned.
It is plausible that the neurotropic nature of the SARS-CoV-2 infection includes similar
peripheral nerve pathways to the CNS as MERS-CoV and SARS-CoV-1. One study showed
high levels of psychiatric distress among MERS-CoV survivors even 12 months after
acute infection, with 42% of patients experiencing signs of PTSD and 27% experiencing
major depressive disorder [29,57]. Sleep, dreaming, and daytime functioning disturbance
were also found; furthermore, the suggested shared pathways between sleep, dreaming,
daytime functioning, and SARS-CoV-2 infection leading to Long-COVID can have potential
neurodegenerative propensity related to Parkinson’s disease and dementia [35].

In 2020, a study was conducted with 740 patients diagnosed with COVID-19 without a
history of dementia, where the association between cognitive impairment and the diagnosis
of COVID-19 was evaluated 7-and-a-half months after infection. The results showed a
relatively high frequency of cognitive decline long after the patients contracted the infection.
Impairments in executive functioning, processing speed, category fluency, memory encod-
ing, and recall were predominant among hospitalized patients; this is known as “Brain
Fog syndrome” [2,61]. Furthermore, although older adults may be particularly susceptible
to this, cognitive impairment was also present in young patients, showing considerable
implications for their occupational, psychological, and functional performance [61].

In June 2022, a systematic review and meta-analysis of the long-term physical and mental
sequelae of the COVID-19 pandemic were published. A total of 151 studies with 1,285,407
participants comprehensively summarize current evidence on sequelae long-term physical
and mental of COVID-19 in the convalescent phase. At least one sequelae symptom occurred
in 50.1% of COVID-19 survivors up to 12 months after infection. Psychiatric problems and
neurological symptoms were reported more after respiratory and generalized symptoms,
which were the most common investigational findings. About a fifth of COVID-19 survivors
in this review show psychiatric symptoms within 12 months of recovery. Psychiatric symp-
toms among recovered survivors were reported as 18.3% depression, 17.9% PTSD, 16.2%
anxiety, and 13.5% sleep disturbance. Neurological consequences were also identified, with
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an estimated prevalence of 11.4%. Memory impairment, cognitive deficits, and loss of taste
or smell were the predominant symptoms. Previous studies suggested that quarantine and
delays in returning to work were also associated with worse mental health outcomes among
people infected during the COVID-19 outbreak [29].

As time goes on, more data on the long-term psychiatric sequelae of this pandemic are
expected to come in [12].

6. Psychopharmaceuticals as Possible Adjuvant Therapy against SARS-CoV-2

A psychotropic is defined as any natural or synthetic substance capable of influencing psy-
chic functions by its action on the CNS. In contrast, psychopharmaceutical is any pharmaceutical
product composed of psychotropics used to treat psychic or neurological conditions.

The demand to develop effective and affordable medicines for the treatment of
COVID-19 disease was unprecedented. The needs in the field of psychopharmaceuti-
cals were not the exception [2]. Since early 2020, when the pandemic began, several
observational studies have been conducted examining the potential benefits of mental
health medications, such as antipsychotics and antidepressants, on the course and sever-
ity of SARS-CoV-2 infection outcomes [13]. However, drug interactions remain a major
challenge in the comorbidity of psychiatric disorders and COVID-19 infection [62]. The
first suicide was recorded in India due to maladaptation after diagnosis of COVID-19 [63].
The likelihood of drug-drug interaction between psychotropics and COVID-19 medications
may be a concern [62]. Interactions between psychotropics and COVID-19 drugs occur
primarily in two ways: first, pharmacokinetic drug-drug interactions, that is, one drug
alter the disposition of a co-administered agent, and second, the combination of secondary
effects [63].

Observational studies suggest that Selective Serotonin Reuptake Inhibitors (SSRIs)
(escitalopram, fluoxetine, and paroxetine) and Serotonin and Norepinephrine Reuptake
Inhibitors (SNRIs) (venlafaxine) were significantly associated with a reduced risk of in-
tubation or death in hospitalized patients with COVID-19 [64,65]. There was one study
in particular where the association observed between the use of antidepressants and the
reduction in the risk of intubation or death could be explained by several mechanisms:
one study showed that some antidepressants could prevent the entry of the virus into the
cell through the inhibition of acid sphingomyelinase (ASM)/ceramide system, which is
probably required to facilitate binding of the SARS-CoV-2 virus to ACE 2 [42,66]. Acid
sphingomyelinase is a glycoprotein that functions as a lysosomal hydrolase, catalyzing
the degradation of sphingomyelin to phosphorylcholine and ceramide. It is present in
the cell membrane and lysosome and results in the formation of ceramides. The gen-
eration of ceramides alters the biophysical properties of the membrane, causing small
membrane domains to begin to form [65]. Many antidepressants functionally inhibit acid
sphingomyelinase activity through indirect inhibition of acid sphingomyelinase activity by
displacing the enzyme from lysosomal membranes and intralysosomal vesicles, thereby
releasing the enzyme into the lysosomal lumen and causing its partial degradation [7,13].
Rhinovirus infections have previously been shown to activate acid sphingomyelinase and
lead to the formation of ceramide and ceramide-enriched membrane domains. Amitripty-
line, sertraline, and other functional inhibitors of acid sphingomyelinase activity (FIASMA)
inhibit cell infection by rhinoviruses [66].

Numerous antidepressants, such as fluoxetine, fluvoxamine, and imipramine [67],
are agonists of the Sigma 1 receptor (S1R), a chaperone protein that is highly expressed in
tissues and resides mainly in the endoplasmic reticulum (ER) or associated mitochondrial
membranes, where it interacts with various receptors, ion channels, and G-proteins. Its
activation plays a role in cellular stress management by preventing mitochondrial and
ER stress [67], promoting cell survival, and inhibiting apoptosis. Therefore, S1R agonists
tend to have cytoprotective properties, which could prevent cytokine storms observed in
severe cases of COVID-19 [64]. Furthermore, S1R knockdown studies showed significant
reductions in SARS-CoV-2 replication [67].
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Coronavirus replication is associated with the ER and has been shown to induce ER
stress and activate the unfolded protein response. Thus, as sigma-1 receptor agonists,
these drugs can reduce cellular stress by reducing ER stress and cytokine secretion without
inhibiting conventional inflammatory pathways. This cytoprotective activity may help pre-
vent cardiac injury due to cytokine storm syndrome caused by SARS-CoV-2 infection [67].

Certain antidepressants can exert antiviral effects on SARS-CoV-2 by inhibiting its
viral replication [68] and decreasing protein expression, showing that fluoxetine acts on
gene expression [42,64] at a concentration of 0.8 µg/mL [68]. Remember that fluoxetine,
as a strong CYP2D6 inhibitor, can reduce the metabolism of CYP2D6 substrates such as
chloroquine and hydroxychloroquine, modifying their blood concentration. Consequently,
the side effects of chloroquine and hydroxychloroquine must be taken into account [62].

Medications such as citalopram/escitalopram and chloroquine/hydroxychloroquine
are known to cause cardiac complications (such as prolongation of the QT interval and
give rise to the so-called “Torsada de pointes”, a polymorphic ventricular tachycardia
capable of leading to ventricular fibrillation and generating significant hemodynamic
compromise). The possibility of this complication seems additive. If there is no alternative
medicine, the co-administration of these drugs should be performed with constant cardiac
monitoring, especially in patients with risk factors such as advanced age or a history of
cardiovascular disease. Citalopram and sertraline may potentiate the hypoglycemic effect
of hydroxychloroquine. Antipsychotics, especially ziprasidone and quetiapine, have the
potential to increase the QT interval. Theoretically, the concomitant use of antipsychotics
such as ziprasidone and quetiapine with chloroquine or hydroxychloroquine may increase
the risk of QT interval prolongation. However, no cases of this drug-drug interaction have
been reported so far [64].

7. Conclusions

It can be said that the COVID-19 pandemic generated all kinds of consequences,
including mental health. It has been warned about the development of neuropsychiatric
disorders or their aggravations with respect to the world population. Among the associated
factors are: physical, psychological, social, genetic, biomolecular, and adverse reactions
to medications used during the pandemic. Since the COVID-19 pandemic is a recent
event, as time goes on, more data on long-term neuropsychiatric sequelae are expected to
come. It is necessary to identify the risk of developing this type of disease in predisposed
individuals with a history of COVID-19 infection in order to provide better medical care
by a professional and multidisciplinary team and improve the prognosis of these patients
as well as the treatment of long-term sequelae. Likewise, it is important to know some
auxiliary diagnostic tools, such as the elevation of acute phase reactants; as indicators of
inflammatory processes, genetic predisposition, and neuroimaging alterations; some of
these, together with the existence of triggering factors, may lead to suspect the development
of certain neuropsychiatric sequelae secondary to COVID-19. Psychosocial support must be
an essential part of the patient’s overall multidisciplinary medical treatment; this would also
reduce the stigma of mental health treatment and the emotional consequences generated
by the pandemic.
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