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As a potentially life-threatening disease with no definitive
treatment and without fully implemented population-wide
vaccination, COVID-19 has created unprecedented turmoil
in socioeconomic life worldwide. In addition to physical
signs from the respiratory and many other systems, the
SARS-CoV-2 virus produces a broad range of neurological
and neuropsychiatric problems, including olfactory and gus-
tatory impairments, encephalopathy and delirium, stroke and
neuromuscular complications, stress reactions, and psycho-
ses. Moreover, the psychosocial impact of the pandemic and
its indirect effects on neuropsychiatric health in noninfected
individuals in the general public and among health care

workers are similarly far-ranging. In addition to acute neuro-
psychiatric manifestations, COVID-19 may also produce late
neuropsychiatric sequelae as a function of the psychoneur-
oimmunological cascade that it provokes. The present article
presents a state-of-the-science review of these issues
through an integrative review and synthesis of case series,
large-cohort studies, and relevant meta-analyses. Heuristics
for evaluation and further study of the neuropsychiatric
manifestations of SARS-CoV-2 infection are offered.
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The coronavirus 2019 disease (COVID-19) pandemic pro-
duced by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has disrupted all aspects of life, produced
severe adverse socioeconomic burdens, and imposed marked
psychosocial stress on people all around the world (1–4).
Although best known for its severe effects on respiratory
function, SARS-CoV-2 produces a broad range of acute and
chronic neurological and neuropsychiatric problems (4).
There is emerging evidence that SARS-CoV-2 enters the
CNS through olfactory or circulatory routes, where it produ-
ces direct adverse effects on neurological and neuropsychiat-
ric health; systemic infection with SARS-CoV-2 produces
indirect negative effects on the CNS mediated by cytokines
and delayed immune-mediated processes (5). Through these
mechanisms, acute infection with SARS-CoV-2 produces
acute stroke, neuromuscular dysfunction, demyelinating dis-
orders, encephalopathy, emotional disturbances, and psycho-
sis in a substantial proportion of infected individuals and
may engender chronic and late-onset complications among
those who survive acute infection (6, 7).

A large meta-analysis of 72 studies comprising 3,559
patients with suspected or confirmed SARS coronavirus,
Middle East respiratory syndrome (MERS) coronavirus, or
SARS-CoV-2, indicated that during the acute illness, common
neuropsychiatric symptoms included confusion, depressed
mood, anxiety, impaired memory, and insomnia (8). Data for
COVID-19 patients indicated that there was a high rate of

delirium, particularly in intensive care unit (ICU) patients
(65%269%). Another meta-analysis of 41 studies indicated
that the most common specific neurological symptoms in
COVID-19 patients included olfactory (35.7%285.6%) and
gustatory (33.3%288.8%) disorders, especially in mild cases;
Guillain-Barr�e syndrome (GBS) and acute inflammation of
the brain, spinal cord, andmeninges were repeatedly reported
after COVID-19 (9). Ameta-analysis of 31 studies assessing the
mental health status in COVID-19 patients (N55,153) found a
45% pooled prevalence of depression, 47% pooled prevalence
of anxiety, and 34% pooled prevalence of sleeping disturban-
ces (10). A recent national surveillance study in the United
Kingdom reporting on the neurological and neuropsychiatric
complications of COVID-19 in 125 patients indicated that 77
(62%) presented with a stroke, of whom 57 (74%) had an
ischemic stroke, nine (12%) an intracerebral hemorrhage,
and one (1%) CNS vasculitis (11). A total of 39 (31%) patients
presented with altered mental status; nine (23%) had unspeci-
fied encephalopathy, and seven (18%) had encephalitis; the
remaining 23 (59%) patients with altered mental status ful-
filled criteria for psychiatric diagnoses, including new-onset
psychosis (n510), neurocognitive (dementia-like) syndrome
(n56), and affective disorder (n54).

Thus, both neurological and neuropsychiatric health are
affected by SARS-CoV-2 infection. The COVID-19 pandemic
has also had an important impact on the mental health of
many individuals in the general population as a result of
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loss of loved ones, fear of calamity or death, financial hard-
ships, social isolation resulting from government-mandated
quarantine and social distancing requirements, and major dis-
ruptions of daily life and social connectedness (12, 13). Health
professionals have experienced higher levels of negative psy-
chological effects of the COVID-19 pandemic, with emotional
trauma associated with the provision of care in conditions
analogous to combat experiences, sometimes exceeding psy-
chological tolerances and the capacity for adapting or coping
(14, 15). All these issues are herein reviewed, data from meta-
analyses are tabulated, and etiopathogenetic mechanisms are
pictorially illustrated.

CNS MANIFESTATIONS OF COVID-19

Neurological Manifestations
The SARS-CoV-2 virus appears to spread from the respiratory
system to the CNS using transneuronal and hematogenous
mechanisms (5, 16). Neurological manifestations may vary
from mild (such as taste and smell dysfunction, dizziness,
headache, altered consciousness) to severe (e.g., ischemic
stroke, encephalitis, encephalopathy) (17, 18). SARS-CoV-2
infection may lead to neurological and psychiatric manifesta-
tions, including indirect processes resulting from thrombotic
complication, inflammatory consequences, hypoxia or hemo-
dynamic perturbations, and direct infection and involvement
of the CNS due to the neurotropic properties of the virus,
virus-induced hyperinflammatory and hypercoagulable states,
and postinfectious immune-mediated processes (17, 19, 20). A
wide spectrum of neurologic manifestations of SARS-CoV-2
infection has been reported, including encephalopathy,
encephalitis, acute disseminated encephalomyelitis, meningi-
tis, ischemic and hemorrhagic stroke, venous sinus thrombo-
sis, and endothelialitis (18, 21–23) (Figure 1). In the
peripheral nervous system (PNS), SARS-CoV-2 infection is
associated with anosmia and hypogeusia, neuromuscular dis-
orders, and GBS (19).

A recent Italian study of 1,760 COVID-19 patients reported
that 137 patients developed neurologic manifestations; they
appeared after COVID-19 symptoms in 98 patients and were
the presenting symptom in 39 patients (24). Neurological
manifestations included cerebrovascular disease (38.7%),
comprising 37 ischemic strokes and 11 hemorrhagic strokes,
four transient ischemic attacks, one cerebral venous thrombo-
sis; PNS disorders (22.6%), including 17 GBS; altered mental
status (35.8%), including one necrotizing encephalitis and
two cases with detection of SARS-CoV-2 RNA in the CSF;
and various other disorders, such as myelopathy associated
with anti-SARS-CoV-2 antibodies in the CSF in two patients.

Among 509 hospitalized COVID-19 patients in the United
States, neurologic manifestations were detected in 215
(42.2%) at disease onset, in 319 (62.7%) upon hospitalization,
and in 419 (82.3%) during the course of the disease (25). Neu-
rologic symptoms included myalgia (44.8%), headache
(37.7%), encephalopathy (31.8%), dizziness (29.7%), dysgeusia
(15.9%), and anosmia (11.4%). Severe COVID-19 (odds

ratio54.02; p,0.001) and younger age (odds ratio50.982;
p50.014) were risk factors for neurological symptoms. The
majority (71%) of patients had a favorable functional outcome
at discharge. Encephalopathy was an independent predictor
of worse functional outcome (odds ratio50.22; p,0.001)
and higher 30-day mortality (21.7% versus 3.2%; p,0.001).

Anosmia and ageusia. A meta-analysis of 24 studies compris-
ing 8,438 patients with COVID-19 infection indicated a high
prevalence of anosmia (41%) and ageusia (38.2%) (26).
Increasing mean age correlated with lower prevalence of
anosmia (coefficient520.076; p50.02) and ageusia (coef-
ficient520.073; p50.03) (26). There was a higher prevalence
of anosmia with the use of objective measurements compared
with self-reports (coefficient52.33; p50.01). No significant
influence of the prevalence of anosmia or ageusia by sex
was observed.

Multiple possible mechanisms have been suggested for the
development of anosmia in COVID-19, including olfactory
cleft syndrome, postviral anosmia syndrome, cytokine storm,
direct damage of olfactory sensory neurons, and impairment
of the olfactory perception center in the brain (27).

Stroke. A recent retrospective multicenter cohort study from
China enrolling 917 COVID-19 patients (mean age548.7
years [SD517.1], 55% male) indicated that the frequency of
new-onset critical neurologic events was 3.5% (n532/917)
overall and 9.4% (n530/319) among those with severe or
critical COVID-19; these events were impaired conscious-
ness (n525) or stroke (n510) (28). According to a recent
case series of 16 patients with ischemic stroke related to

FIGURE 1. Spectrum of neurological and psychiatric
manifestations produced by COVID-19 infectiona
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COVID-19, ischemic events presented as small vessel occlu-
sions, branch emboli, or large vessel occlusions (29). The
most common etiology was cryptogenic. Patients with large
vessel occlusions tended to be younger and male and had ele-
vated acute inflammatory markers. Another case series of 22
patients (mean age559.5 years [SD516.0]; females, n512)
with diagnosed COVID-19 and acute cerebrovascular pathol-
ogies included 17 cases of acute ischemic stroke, three cases
of aneurysm rupture, and two cases of sinus thrombosis
(30). Of the stroke and sinus thrombosis patients, 16 (84.2%)
underwent a mechanical thrombectomy procedure. A favor-
able thrombolysis in cerebral infarction score was achieved
in all patients.Of the 16 patients who underwent amechanical
thrombectomy, five (31.3%) succumbed. Of all patients
(N522), three (13.6%) developed hemorrhagic conversion
requiring decompressive surgery; 11 (50%) patients had a
poor functional status (modified Rankin score, 3–6) at dis-
charge, and the total mortality incidence was 8/22 (36.4%).
The authors concluded that despite timely intervention and
favorable reperfusion, the mortality rate in COVID-19 patients
with large vessel occlusion was high. This group was charac-
terized by younger age, involvement of both the arterial and
venous vasculature, multivessel involvement, and complicated
procedures due to the clot consistency and burden.

According to a multicenter, multinational observational
study among 17,799 COVID-19 patients, stroke occurred in
156 (0.9%): 123 (79%) were ischemic, 27 (17%) were intracere-
bral/subarachnoid hemorrhages, and six (4%) were cerebral
sinus thromboses (31). Subsequent stroke risks calculated
with meta-analyses under low to moderate heterogeneity
were 0.5% among all centers in all countries and 0.7% among
countries with higher health expenditures. The need for
mechanical ventilation (odds ratio51.9, p50.03) and the pres-
ence of ischemic heart disease (odds ratio52.5, p50.006)
were predictive of stroke.

A recent report from Italy on 1,760 COVID-19 patients indi-
cated that 137 developed neurologic manifestations; in 98
patients, neurological manifestations appeared after other
COVID-19 symptoms, whereas neurological manifestations
were the presenting symptoms in 39 patients (24). Neurolog-
ical manifestations included, among others, cerebrovascular
disease (38.7%), comprising 37 ischemic and 11 hemorrhagic
strokes; four transient ischemic attacks; and one cerebral
venous thrombosis. A recent U.K.-wide surveillance report
on the neurological and neuropsychiatric complications of
COVID-19 in 125 patients showed that 77 (62%) patients pre-
sented with stroke, of whom 57 (74%) suffered an ischemic
stroke, nine (12%) an intracerebral hemorrhage, and one
(1%) CNS vasculitis (11).

Epilepsy. A recent study of 30 patients with diagnosis of epi-
lepsy and COVID-19 indicated that 13 patients (43.4%) had
new-onset epileptic seizure without epilepsy history; these
patients suffered more severe or critical COVID-19, which
led to a worse prognosis (32). It has been suggested that a
severe COVID-19 disease course and advanced disease stages

can result in hypoxic encephalopathy, cerebrovascular events,
and cytokine storm, which may trigger the development of
acute seizures (33). It has also been suggested that proinflam-
matory cytokines can cause blood-brain barrier disruption,
increase glutamate and aspartate and reduce GABA levels,
impair the function of ion channels, and thus lead to an
increase in neuronal excitability with consequent epilepsy
(34). On the other hand, secondary seizure is a well-known
consequence of stroke, electrolyte and metabolic imbalance,
hypoxia, fever, increased oxidative stress, and mitochondrial
dysfunction in general; the occurrence of such seizures among
persons with COVID-19 therefore may not be directly related
to this condition.

Indeed, another study from China enrolling 304 people
with COVID-19 (of whom 108 had severe illness and none
had a known history of epilepsy), neither acute symptomatic
seizures nor status epilepticuswere observed (35).Two people
had seizure-like symptoms during hospitalization due to acute
stress reaction and hypocalcemia; 84 (27%) had brain insults
or metabolic imbalances during the disease course known to
increase the risk of seizures, albeit with no occurring seizures.
The authors concluded that there was no evidence for
increased risk of seizures in patients with COVID-19.

GBS and other neuromuscular disorders. A recent review of
seven studies reported 11 cases of GBS (acute idiopathic poly-
neuritis; mean age561.54 years [SD514.18]) developing at a
mean of 8 days (36). Among nine of 11 patients undergoing
lumbar puncture, albuminocytological dissociation on CSF
analysis was found in eight patients while normal protein
and no cells was observed in only one patient. Two patients
had MRI evidence of caudal nerve root enhancement, while
one patient had bilateral facial nerve enhancement. Among
10 out of 11 patients who had an electrodiagnostic study, six
patients had demyelinating patterns. Three patients had acute
sensory motor axonal neuropathy, and one had acute motor
axonal neuropathy. All 11 patients received intravenous immu-
noglobulin in combination with antivirals, antibiotics, and
immunosuppressive agents.One patient succumbed to the dis-
ease. Persistence or worsening of symptoms was reported in
two patients. One patient had complete neurological recovery,
while the other four patients had improvement of symptoms
with decreased weakness. One patient had hemodynamic
changes with severe drug-resistant hypertension, suggesting
possible autonomic nervous system involvement. Four out of
11 patients developed neuromuscular respiratory failure. One
patient developed respiratory failure 3 days from the onset
of neurological symptoms, one at 2 weeks, and two at 1 month
after onset of neurological symptoms.

Another recent report included 42 patients with GBS asso-
ciated with SARS-CoV-2 infection (37). Median time between
COVID-19 and GBS onset in 36 patients was 11.5 days (inter-
quartile range, 7.7–16). The most common clinical features
were limb weakness (76.2%), hyporeflexia (80.9%), sensory
disturbances (66.7%), and facial palsy (38.1%). Dysautonomia
occurred in 19% and respiratory failure in 33.3%; 40.5% of
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patients were admitted in the ICU. Electrodiagnosis was
demyelinating in 80.5%. Treatment included intravenous
immunoglobulin or plasma exchange (92.8%) with definite
improvement or recovery at short-term follow-up in 62.1%
of patients.

A review of 14 papers reporting 18 patients with GBS asso-
ciated with COVID-19 indicated that the interval between the
onset of symptoms of COVID-19 and the first symptoms of
GBS ranged from 28 to 24 days (mean59 days; median510
days) (38). Most of the patients had a typical GBS clinical
form predominantly with a demyelinating electrophysiologi-
cal subtype. Mechanical ventilation was necessary in eight
(44%) patients. Two (11%) patients died. Another review of
62 COVID-19 patients with polyradiculitis reported in 48
articles indicated a delay between onset of COVID-19 and
GBS ranging from 3 to 33 days (39). A total of 42 patients
were diagnosed with acute inflammatory demyelinating poly-
neuropathy, six with acutemotor axonal neuropathy, five with
Miller-Fisher syndrome, and three with acute motor sensory
axonal neuropathy. However, SARS-CoV-2 in the CSF was
not detected in any of these patients. Intravenous immuno-
globulin was given to 50 patients; eight received plasmaphere-
sis, and two received steroids. Eighteen patients required
artificial ventilation, 24 recovered completely, and 23 recov-
ered partially. Two patients died.

The Miller-Fisher variant of GBS, which presents with
abnormal muscle coordination, paralysis of the eye muscles,
and absence of the tendon reflexes (triad of areflexia, ataxia,
and ophthalmoplegia), was also recently reported in another
two cases of COVID-19 infection who finally sustained com-
plete neurologic recovery (40).

Apart from olfactory and gustatory dysfunction, now
accepted as an early manifestation of COVID-19 infection, iso-
lated oculomotor, trochlear, and facial nerve involvement has
also been described (41). Increasing numbers of reports of
GBS secondary to COVID-19 are being published. Myalgia is
described among the common symptoms of COVID-19, with
its duration related to the severity of COVID-19 disease.
Few patients with myositis or rhabdomyolysis have been
reported as having severe respiratory complications related
to COVID-19. A few patients with myasthenia gravis showed
exacerbation of their disease after contracting COVID-19;
most of these patients recovered with either intravenous
immunoglobulins or steroids.

Neuropsychiatric Sequelae of COVID-19
Encephalopathy or delirium. According to a case series of
four patients ($60 years old) of COVID-19-related
encephalopathy, patients presented within 0–12 days
with various degrees of new-onset cognitive impairment,
with predominant frontal lobe impairment: two had cere-
bellar syndrome, one had myoclonus, one had psychiatric
manifestations, and one had status epilepticus (23). No
patient had features of encephalitis on MRI or significant
CSF abnormalities. Polymerase chain reaction for COVID-
19 in the CSF was negative for all patients. All patients

presented with a consistent brain fluorodeoxyglucose pos-
itron emission tomography CT pattern of abnormalities
with frontal hypometabolism and cerebellar hypermetab-
olism. All patients improved after immunotherapy.

Another case series reported five patients (mean age566.8
years [SD57.8]) who developed encephalopathy after a mean
of 12.6 days since the onset of COVID-19 symptoms (7). Neu-
rological manifestations included impaired consciousness,
agitation, delirium, and pyramidal and extrapyramidal signs;
the electroencephalogram showed diffuse slowing in all
patients and brain MRI displayed nonspecific findings, while
CSFanalysis was nonrevealing. Patient recovery was hastened
with use of intravenous immunoglobulin (at 0.4 g/kg/day).
The authors concluded that intravenous immunoglobulin
may represent a safe and effective treatment for COVID-19-
associated encephalopathy, with clinical efficacy driven by
the anti-inflammatory (anticytokine) action of intravenous
immunoglobulin.

In a study of 509 hospitalized COVID-19 patients in whom
neurologic manifestations were detected (82.3%) during the
course of the disease, encephalopathy (observed in 31.8% of
patients) was an independent predictor of worse functional
outcome (odds ratio50.22; p,0.001) and higher 30-day mor-
tality (21.7% versus 3.2%; p,0.001) (25).

COVID-19 may cause delirium in a significant proportion
of patients in the acute stage (8, 42). A case series was recently
reported of four patients, each of whom manifested delirium
as a result of COVID-19 infection (43). A review of the clinical
records of 852 patients admitted for suspected COVID-19
pneumonia indicated that 94 patients (11%) developed delir-
ium during their stay (42).These were older patients (median
age582; p,0.001), who had more neuropsychiatric comor-
bidities and worse respiratory status at baseline. A higher
mortality occurred in patients with delirium (57% versus
30%), although this association was not independent of age
and respiratory parameters.

In a meta-analysis of 65 peer-reviewed studies assessing
acute and chronic sequelae of coronavirus infections, data
from patients with COVID-19 were examined that supported
a diagnosis of delirium (acute confusional state in 26 out of 40
ICU patients [65%] and agitation in 40 out of 58 ICU patients
[69%] in one study and altered consciousness in 17 out of 82
patients [21%] who subsequently died in another study) (8).
This meta-analysis also included two reports of hypoxic
encephalopathy and one report of encephalitis (8). In a
more recent review of 229 studies reporting on prevalence,
pathoetiology, or management of delirium in adults with
COVID-19, delirium affected .50% of all patients with
COVID-19 who were admitted to the ICU (44). The etiology
of COVID-19 delirium was deemed multifactorial, with some
evidence of direct brain effect.

Neuropsychiatric symptoms and syndromes. CNS infection
combined with environmental stress caused by pandemic
fear, social and financial restrictions, and ICU monitoring
may result in the development of neuropsychiatric symptoms
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or syndromes, including depressive symptoms or episodes,
manic or hypomanic symptoms or episodes, psychotic symp-
toms, obsessive-compulsive symptoms, and posttraumatic
stress (45). Patients with prior psychiatric disorders may be
particularly vulnerable to exacerbations of their psychiatric
conditions by COVID-19.

In regard to depression during the COVID-19 pandemic, a
meta-analysis of 12 studies showed prevalence rates of depres-
sion ranging from 7.45% to 48.30% (46). The pooled preva-
lence of depression was 25%, with significant heterogeneity
between studies (I2599.60%, p,0.001). The authors con-
cluded that compared with a global estimated prevalence of
depression of 3.44% in 2017, a pooled prevalence of 25%
appears to be sevenfold higher, thus suggesting an important
effect of the COVID-19 outbreak on people’s mental health.
Similarly, another meta-analysis of 12 studies examining the
effect of COVID-19 on mental health and well-being in
27,475 subjects showed that the incidence of depression was
28%; the incidence of anxiety was 25% (47). According to
data from two independent longitudinal cohort studies,
depression during COVID-19 was similar to prepandemic lev-
els in the young cohort in one study, but those experiencing
anxiety almost doubled during COVID-19 (24% versus 13%)
(48). In both studies, anxiety and depression during
COVID-19 was greater in younger members, in women, in
those with pre-existing mental or physical health conditions,
and in individuals with adverse socioeconomic status, even
when controlling for prepandemic anxiety and depression.

Case reports and case series indicate that COVID-19 infec-
tion may increase the risk for psychosis (49, 50). A 52-year-old
man with COVID-19 infection with no previous psychiatric
history was reported to have developed severe paranoia,
which led to a suicide attempt requiring electroconvulsive
therapy in addition to antipsychotic drug therapy (49). A 36-
year-old woman without prior psychiatric history who was
diagnosed with COVID-19 infection was also reported to
have developed rapidly progressive change in her behavior,
with prominent persecutory delusions and associated insom-
nia, requiring antipsychotic drug therapy (51). Another case of
psychosis was described in a 55-year-old woman with full-
blown COVID-19 infection who developed paranoid delusions
requiring antipsychotic drug treatment; the psychotic episode
lasted for approximately 40 days (52). Another patient, a 41-
year-old man, with confirmed COVID-19 infection presented
with features consistent with acute mania; he was treated
with antipsychotics and anxiolytics (53).

A recent case series of 10 COVID-19 patients was reported
where patients presented with psychotic symptoms in the
absence of a previous history of psychosis (50). Nine of these
cases presented with psychotic symptoms at least 2 weeks after
the first symptoms of COVID-19 infectionwhile receiving phar-
macological treatment. Structured delusions mixed with fea-
tures of confusionwere themost frequent psychotic symptoms.

A review of 13 studies examining the incidence of psycho-
sis observed during periods of viral epidemics/pandemics
(COVID-19, two studies) indicated an increased risk of

psychosis in people exposed to a virus during an epidemic
or pandemic; 0.9% of people exposed developed psychosis
and 4% developed psychotic symptoms (i.e., hallucinations
or delusions), contrasting with a median incident rate of
15.2 per 100,000 in the general population (54, 55).One aspect
of this problem relates to new cases of psychosis, mostly
observed in an older age group, associated with exposure to
the psychosocial stress of COVID-19; another aspect relates
to a possible virus-induced psychosis (54). Of course, one
should keep in mind that COVID-19-related therapy (e.g.,
steroids) may be responsible for some of the psychiatric
problems noted in these patients (see further discussion
below) (8).

Even mild COVID-19 disease may confer significant psy-
chological distress and neuropsychiatric symptoms. A study
investigated the mental status and inflammatory markers of
103 COVID-19 patients hospitalized with mild symptoms
and compared them with those of 103 matched control sub-
jects who were COVID-19 negative. COVID-19 patients,
when compared with non-COVID control subjects, mani-
fested higher levels of depression (p,0.001), anxiety
(p,0.001), and posttraumatic stress (p,0.001) (56). Female
patients showed higher scores compared with male patients
and all control subjects. Levels of C-reactive protein corre-
lated positively with the depression score. Qualitative analysis
showed similar results regarding negative feelings, such as
fear, guilt, and helplessness. Stigma and uncertainty of viral
disease progression were two main concerns expressed by
COVID-19 patients.

Maladaptive coping styles. The COVID-19 pandemic is a
source of persistent and prolonged stress (57). The pandemic
has triggered various maladaptive coping styles, including
coronaphobia, obsessional cleaning and sanitization, denial
or trivialization of symptoms of other illnesses, avoidance
of or delayed visits to the emergency room, postponement
of scheduled medical procedures, sociophobia, high levels of
neuroticism with neurotic reactions at home and at work,
lower threshold for quarreling, feelings of frustration, anger,
and despair. Health workers have felt strained, burned out,
and depressed. Stress, grief, bereavement, mourning and post-
traumatic stress have afflicted families who have lost loved
ones. Quarantines have had a high psychological impact
with negative psychological effects, including posttraumatic
stress symptoms, confusion, and anger (58). A review of 13
studies showed increased prevalence of nonpsychotic depres-
sion, preanxiety, somatic concerns, alcohol-related disorders,
and insomnia in the general population (59). Psychological
symptoms correlated more with physical complaints of
fatigue and pain in older adults. Frontline workers reported
guilt, stigma, anxiety, and poor sleep quality.

LATE NEUROPSYCHIATRIC SEQUELAE
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after coronavirus infections. According to a meta-analysis of
65 peer-reviewed studies and seven preprints (94% of stud-
ies were of low or medium quality) comprising 3,559 corona-
virus cases (mean age ranging from 12.2 years to 68 years)
over a follow-up time ranging from 60 days to 12 years, dur-
ing the acute illness, common symptoms among patients
admitted to hospital for SARS or MERS included confusion
(27.9%), depression (32.6%), anxiety (35.7%), impaired mem-
ory (34.1%), and insomnia (41.9%) (8). Steroid-induced
mania and psychosis were reported in 0.7% of patients
with SARS in the acute stage in one study. In the post-
illness stage, depressedmood (10.5%), insomnia (12.1%), anx-
iety (12.3%), irritability (12.8%), memory impairment
(18.9%), fatigue (19.3%), and (in one study) traumatic memo-
ries (30.4%) and sleep disorder (100%) were frequently
reported. A recent cross-sectional study examining 18 mostly
young patients 20–105 days (median, 85 days) after recovery
from mild to moderate COVID-19 disease indicated that 14
(78%) patients reported sustained mild cognitive deficits
and performed worse in testing for mild cognitive impair-
ment compared with 10 age-matched healthy control sub-
jects (60).

Neurodegenerative/Neuroimmunological Disorders
A study of 40 patients with mild cognitive impairment
(N520) or mild Alzheimer’s disease (N520) showed a wors-
ening of neuropsychiatric symptoms during 5 weeks of lock-
down, with agitation, apathy, and aberrant motor activity
being the most common symptoms (61). An interaction
between COVID-19 and neurodegenerative disorders (Parkin-
son’s or Alzheimer’s disease) as well as neuroimmunological
disorders (multiple sclerosis) has also been postulated (62).

Neurodegenerative-disease-related dementias may be risk
factors for mortality in COVID-19 patients. COVID-19 may
either unmask or trigger neurodegeneration, although these
remain unproven theoretical concerns. The hippocampus
appears to be particularly vulnerable to COVID-19 infection,
however, which may interact with COVID-19-associated cog-
nitive impairment and potentially accelerate symptomatic
expression of neurodegenerative disorders, if not neurodegen-
eration itself (63). Neuropsychiatric symptoms and syndromes
produced by SARS-CoV-2 infection and associated psychoso-
cial stressors may worsen the clinical picture and course of
these diseases as well.

Similarly, COVID-19 pandemic may exacerbate multiple
sclerosis, and patients with multiple sclerosis may be more
vulnerable to severe COVID-19 infection, especially older
patients and those with previous cardiovascular diseases or
with a severe degree of disability (64–66). A recent study of
60 patients withmultiple sclerosis and 60 healthy control sub-
jects indicated that the pandemic had a significant impact on
the psychological status of patients with multiple sclerosis
(67). Compared with the general population, patients with
multiple sclerosis presented a higher burden of depressive
symptoms and worse sleep quality and perceived an increase
in fatigue level.

META-ANALYSES

Several meta-analyses of studies in patients with COVID-19 or
other coronaviruses have reported on neuropsychiatric mani-
festations (Table 1) (8–10, 15, 26, 44, 46, 47, 54, 68–74). A large
meta-analysis of 72 studies comprising 3,559 patients with
suspected or confirmed SARS coronavirus, MERS coronavi-
rus, or SARS-CoV-2 indicated that during the acute illness,
common neuropsychiatric symptoms included confusion,
depressed mood, anxiety, impaired memory, and insomnia
(8). In the post-illness stage, depression, insomnia, anxiety,
irritability, impaired memory, fatigue, traumatic memories,
and sleep disorder were frequently reported. When data for
patients with COVID-19 were examined, there was evidence
for delirium (confusion in 26 [65%] of 40 ICU patients and
agitation in 40 [69%] of 58 ICU patients in one study, and
altered consciousness in 17 [21%] of 82 patients who subse-
quently died in another study). At discharge, 15 (33%) of 45
patients with COVID-19 who were assessed had a dysexecu-
tive syndrome in one study. There were also reported two
cases of hypoxic encephalopathy and one of encephalitis. As
mentioned, a review of 229 studies (77 patient reports, includ-
ing 37 case reports or series and 40 cohort studies comprising
12,971 patients) indicated that delirium affected .50% of all
patients with COVID-19 admitted to the ICU (range
65%279.5%) (44).

A meta-analysis of 41 studies reporting on neurological
manifestations in COVID-19 indicated that the most com-
mon specific neurological symptoms were olfactory
(35.7%285.6%) and gustatory (33.3%288.8%) disorders,
especially in mild cases; GBS and acute inflammation of
the brain, spinal cord, and meninges were also repeatedly
reported after COVID-19 (9).

A meta-analysis of 63 studies specified that the following
neurological manifestations were observed in descending
order of frequency: olfactory or taste disorders (35.6%), myal-
gia (18.5%), headache (10.7%), acute cerebral vascular disease
(8.1%), dizziness (7.9%), altered mental status (7.8%), seizure
(1.5%), encephalitis, neuralgia, ataxia, GBS, Miller-Fisher syn-
drome, intracerebral hemorrhage, polyneuritis cranialis, and
dystonic posture (68). The authors pointed to the cytokine
secretion and bloodstream circulation (viremia) as the most
possible routes of COVID-19 into the nervous system.

Anothermeta-analysis of 33 studies with 7,559 participants,
mostly from China, indicated that muscle injury or myalgia
was the most common (19.2%) neurologic symptom of
COVID-19, followed by headache (10.9%), dizziness (8.7%),
nausea with or without vomiting (4.6%), concurrent cerebro-
vascular disease (4.4%), and impaired consciousness (3.8%).
Underlying cerebrovascular disease was found in 8.5% of
the studies (69).

A meta-analysis of 37 studies (12 retrospective, two pro-
spective, and the rest case reports or series) indicated
that the most commonly reported neurological manifestations
of COVID-19 were myalgia, headache, altered sensorium,
hyposmia, and hypogeusia (70). Uncommonly, COVID-19
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TABLE 1. Results of meta-analyses reporting on neuropsychiatric manifestations in COVID-19 patients and individuals without COVID-
19 during the pandemica

Study
Number and type of

studies Patients Outcome Comments

Rogers et al. (8) 72 (47 studies involved
SARS-CoV, 2,068
patients; 13 studies
were of MERS-CoV, 515
cases; 12 studies
described SARS-CoV-2,
976 patients; 6,390
control subjects)

Cohort, cross-sectional,
qualitative, case series

3,559 (patients with SARS,
MERS, or SARS-CoV-2)

Patients with COVID-19:
delirium: confusion in 26

(65%) of 40 ICU patients
and agitation in 40 (69%) of
58 ICU patients in one
study; altered
consciousness in 17 (21%)
of 82 patients who
subsequently died in
another study.

At discharge:
15 (33%) of 45 patients had a

dysexecutive syndrome in
one study.

Two reports of hypoxic
encephalopathy.

One report of encephalitis.

Patients with SARS or MERS
had confusion (27.9%),
depressed mood (32.6%),
anxiety (35.7%), impaired
memory (34.1%), insomnia
(41.9%), and steroid-
induced mania and
psychosis (0.7%). In the
postillness stage:
depression: 35 (10.5%) of
332 patients; insomnia: 34
(12.1%) of 280; anxiety: 21
(12.3%) of 171; irritability:
28 (12.8%) of 218;
memory impairment: 44
(18.9%) of 233; traumatic
memories: 55 (30.4%) of
181; sleep disorder: 14
(100%) of 14. Point
prevalence of PTSD:
32.2% (121 of 402 patients
from four studies);
depression: 14.9% (77 of
517 patients from five
studies); anxiety disorders:
14.8% (42 of 284 patients
from three studies).

Wang et al. (9) 41 (20 reporting
unspecific neurological
symptoms, 20
reporting specific
neurological
symptoms, and one
reporting both; 26 case
series, one cohort
study, 14 case reports)

4,700 (patients with
COVID-19)

Anosmia (35.7%–85.6%) and
dysgeusia (33.3%–88.8%),
especially in mild cases

GBS
Acute inflammation of the

brain, spinal cord, and
meninges repeatedly
reported after COVID-19.

Possible underlying
mechanisms can include
both direct invasion and
maladaptive inflammatory
responses.

Deng et al. (10) 31 (28 cross-sectional
studies, three cohort
studies)

5,153 (patients with
COVID-19)

Pooled prevalence of
depression: 45% (I2596%);
anxiety: 47% (I2597%); and
insomnia: 34% (I2598%).

No significant differences in
the prevalence estimates
between genders;
however, the depression
and anxiety prevalence
estimates varied based on
different screening tools.

Agyeman et al.
(26)

24 (five objective
assessments, 19 self-
reports)

8,438 (patients with
COVID-19)

Pooled proportions of
patients presenting with

olfactory dysfunction (41%)
and gustatory dysfunction
(38.2%).

Increasing mean age
correlated with lower
prevalence of olfactory
(coefficient520.076;
p50.02) and gustatory
(coefficient520.073;
p50.03) dysfunctions.

There was a higher
prevalence of olfactory
dysfunctions with the use
of objective
measurements compared
with self-reports
(coefficient52.33;
p50.01).

No significant influence of
sex.
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TABLE 1., continued

Study
Number and type of

studies Patients Outcome Comments

Hawkins et al.
(44)

229 studies/77 patient
reports (37 case reports
and case series, 40
observational cohort
studies)

12,971 (patients with
COVID-19)

Delirium affected .50% of all
patients with COVID-19
admitted to ICU (range:
65%–79.5%).

Higher rates were reported
in those with severe
respiratory disease
(disorder of
consciousness: 38.9%
versus 7.2%; OR58.18;
acute confusional
syndrome: 14.9% versus
3.9%; OR54.31; p,0.001;
confusion: 18.5% versus
0%; p,0.01; impaired
consciousness: 14.8%
versus 2.4%; p,0.001).

Similarly, studies of older
adults found that
significant proportions
experienced delirium
while hospitalized with
COVID-19, often
associated with age and
frailty, ranging from 29%
to 40%.

Tsai et al. (68) 50 (11 cohort studies, 11
case series, 28 case
reports)

1,326 (patients with
COVID-19)

Olfactory/taste disorders:
35.6%

Myalgia: 18.5%
Headache: 10.7%
Acute CVA: 8.1%
Dizziness: 7.9%
Altered mental status: 7.8%
Seizure: 1.5%.

Other manifestations (case
reports): encephalitis,
neuralgia, ataxia, GBS,
Miller-Fisher syndrome,
intracerebral hemorrhage,
polyneuritis cranialis, and
dystonic posture.

Brown et al. (54) 14 (five cross-sectional
studies, one survey, one
cohort study, one case
series, two case reports,
three chart reviews,
one service evaluation)

14,465 (one cohort chart
review: 13,783
psychiatric patients and
35,909 control patients)

0.9%–4% incident cases of
psychosis in people
infected with COVID-19.

Likely associated with
steroid or viral exposure,
pre-existing vulnerability,
and psychosocial stress.

Bueno-Notivol
et al. (46)

12 (online questionnaires) 600–7,236 (non-COVID
individuals)

Depression: prevalence rates
of 7.45%–48.30%;

pooled prevalence of
depression was 25%, with
significant heterogeneity
between studies
(I2599.60%, p,0.001).

Compared with a global
estimated prevalence of
depression of 3.44% in
2017, a pooled prevalence
of 25% is 7 times higher,
thus suggesting an
important impact of the
COVID-19 outbreak on
people’s mental health.

Ren et al. (47) 12 (cross-sectional
studies)

27,475 (21,377 general
public/6,098 health
care professionals)

Incidence of
anxiety (25%; 95%

CI50.19–0.32) and
depression (28%; 95%
CI50.17–0.38).

Significant heterogeneity
was detected across
studies regarding these
incidence estimates
(I2599.4%).

Pinzon et al.
(69)

33 (19 cohort studies, 10
retrospective case
series or cross-
sectional studies, four
case reports)

7,559 (patients with
COVID-19)

Muscle injury or myalgia was
the most common (19.2%)
neurologic symptom of
COVID-19, followed by

headache (10.9%),
dizziness (8.7%),
nausea with or without

vomiting (4.6%),
concurrent cerebro-vascular

disease (4.4%), and
impaired consciousness

(3.8%).

Most of the included studies
were from China:
29 (88%).

Underlying cerebrovascular
disease was found in 8.5%
of the studies.

continued
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TABLE 1., continued

Study
Number and type of

studies Patients Outcome Comments

Nepal et al. (70) 37 (12 retrospective
studies, two
prospective studies, 23
case reports/series)

2,647 (patients with
COVID-19)

The most commonly
reported neurological
manifestations of
COVID-19 were myalgia
(11%–44%), headache
(7%–14%), altered
sensorium (7%–9%), and
hyposmia/hypogeusia
(5%–6%).

Uncommonly, COVID-19
can also present with CNS
manifestations, such as
ischemic stroke,
intracerebral hemorrhage,
encephalo-myelitis, and
acute myelitis;

PNS manifestations, such as
GBS and Bell’s
palsy; and

skeletal muscle
manifestations, such as
rhabdomyolysis.

Collantes et al.
(71)

49 (one prospective study,
35 retrospective
studies, 13 case reports/
series)

6,335 (patients with
COVID-19)

Proportional point estimates
(95% CI):

Headache: 0.12 (0.10–0.14;
I2577%);

Dizziness: 0.08; (0.05–0.12;
I2582%);

Headache plus dizziness:
0.09 (0.06–0.13; I250%);

Nausea: 0.07 (0.04–0.11;
I2579%);

Vomiting: 0.05 (0.03–0.08;
I2574%);

Nausea plus vomiting: 0.06
(0.03–0.11; I2583%);

Confusion: 0.05 (0.02–0.14;
I2586%); and

Myalgia: 0.21 (0.18–0.25;
I2585%).

The most common
neurological complication
associated with COVID-19
infection was vascular
disorders (n523).

Other associated conditions
were encephalopathy
(n53), encephalitis (n51),
oculomotor nerve palsy
(n51), isolated sudden-
onset anosmia (n51), GBS
(n51), and Miller-Fisher
syndrome (n52).

Abdullahi et al.
(72)

60 (review)
51 (meta-analysis)
(46 cohort or cross-

sectional studies, four
case series, 10 case
reports)

11,069 (patients with
COVID-19)

Prevalence of neurological/
musculoskeletal
manifestations
was for

smell impairment (35%),
taste impairment (33%),
myalgia (19%),
headache (12%),
back pain (10%),
dizziness (10%),
acute cerebrovascular

disease
(3%), and

impaired consciousness (2%).

The majority (58/60) of the
studies had excellent
methodological quality.

Luo et al. (15) 62 162,639 (COVID and non-
COVID individuals)

Pooled prevalence of
anxiety (33%) and
depression (28%).
Prevalence of anxiety (56%)

and depression (55%) was
the highest among patients
with preexisting conditions
and COVID-19 infection,
and it was similar between
health care workers and
the general public.

Studies from China, Italy,
Turkey, Spain and Iran
reported higher pooled
prevalence among
healthcare workers than
the general public.

Common risk factors
included being a woman
or nurse, having lower
socioeconomic status,
having high risk of
contracting COVID-19,
and social isolation.

Protective factors included
having sufficient medical
resources and up-to-date
and accurate information,
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presented with CNS manifestations such as ischemic stroke,
intracerebral hemorrhage, encephalomyelitis, and acute mye-
litis; PNS manifestations such as GBS and Bell’s palsy; and
skeletal muscle manifestations such as rhabdomyolysis.

A meta-analysis of 49 studies involving 6,335 COVID-19
cases showed that the most common neurological complica-
tions associated with SARS-CoV-2 infection were vascular
disorders (n523); other associated conditions were encepha-
lopathy (n53), encephalitis (n51), oculomotor nerve palsy
(n51), isolated sudden-onset anosmia (n51), GBS (n51),
and Miller-Fisher syndrome (n52) (71). Of the neurologically
afflicted patients, 14 survived, seven died, and 12 had unclear
outcomes.

A meta-analysis of 51 studies (median or mean age ranging
from 24 to 95 years) indicated that the prevalence of neuro-
logical and musculoskeletal manifestations was 35% for anos-
mia, 33% for ageusia, 19% for myalgia, 12% for headache, 10%
for back pain, 10% for dizziness, 3% for acute cerebrovascular
disease, and 2% for impaired consciousness (72).

A meta-analysis of 62 studies (162,639 participants from
17 countries), reporting on the psychological and mental
impact of COVID-19 among health care workers, the gen-
eral population, and patients with higher COVID-19 risk,
showed that the pooled prevalence of anxiety and depres-
sion was 33% and 28%, respectively (15).The prevalence of
anxiety and depression was the highest among patients
with pre-existing conditions and SARS-CoV-2 infection
(56% and 55%); it was similar between health care workers
and the general public. Common risk factors included

being a woman, being a nurse, having lower socioeconomic
status, having high risk of developing COVID-19, and
social isolation. Protective factors included having ade-
quate medical resources, having current and accurate
information, and taking precautionary measures.

Finally, a meta-analysis of 21 studies or case series and five
case reports in 3,707 pediatric COVID-19 patients indicated
that headache, myalgia, and fatigue were predominant non-
specific neurological manifestations, noted in 16.7% of cases
(73). A total of 42 children (1%) were reported with definite
neurological complications; more complications were reported
in those suffering from a severe illness (encephalopathy, 25;
seizure, 12; meningeal signs, 17). Rare neurological compli-
cations were intracranial hemorrhage, cranial nerve palsy,
GBS, and vision problems. All children with acute symp-
tomatic seizures survived, suggesting a favorable short-
term prognosis.

NEUROIMAGING

A recent study described the neuroradiological alterations in
167 (4.9%) of 3,404 patients with COVID-19 who presented
with neurological signs or symptoms warranting neuroimag-
ing, in whom the most common indications for neuroimaging
were delirium (44/167, 26%), focal neurological deficits (37/
167, 22%), and altered consciousness (34/167, 20%) (75). Neu-
roimaging showed abnormalities in 23% of patients, with use
of MRI in 20 patients and CT in 18 patients. The most consis-
tent neuroradiological finding was microhemorrhage with a

TABLE 1., continued

Study
Number and type of

studies Patients Outcome Comments

and taking precautionary
measures.

Panda et al. (73) 26 (21 prospective/
retrospective/case
series, five case reports)

3,707 (children with
COVID-19)

Nonspecific neurological
manifestations:

headache, myalgia, and
fatigue (16.7%).

Specific neurological
complications: 42 children
(1%);

encephalopathy (n525),
seizure (n512), and
meningeal signs (n517).

Rare neurological
complications:
intracranial hemorrhage,
cranial nerve palsy, GBS
and vision problems.

All children with acute
symptomatic seizures
survived, suggesting a
favorable short-term
prognosis.

Panda et al. (74) 15 (cross-sectional studies
examining the
psychological impact of
COVID-19 pandemic)

22,996 (non-COVID
children)

Anxiety (34.5%),
Depression (41.7%),
Irritability (42.3%), and
Inattention (30.8%).
Behavior/psychological state

was affected negatively by
the pandemic and
quarantine (79.4%).

Fear of COVID-19 (22.5%);
boredom (35.2%); and
sleep disturbance (21.3%).

Caregivers developed
anxiety (52.3%) and
depression (27.4%), while
being in isolation with
children.

a COVID-195coronavirus 2019 disease; CVA5cerebrovascular accident; GBS5Guillain-Barr�e syndrome; ICU5intensive care unit; MERS5 Middle East
respiratory syndrome coronavirus; OR5odds ratio; PNS5peripheral nervous system; PTSD5posttraumatic stress disorder; SARS-CoV25 severe acute
respiratory syndrome coronavirus 2.
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predilection for the splenium of the corpus callosum (12/20,
60%), followed by acute or subacute infarct (5/20, 25%),
watershed white matter hyperintensities (4/20, 20%) and sus-
ceptibility changes on susceptibility-weighted imaging in the
superficial veins (3/20, 15%), acute hemorrhagic necrotizing
encephalopathy (2/20, 10%), large parenchymal hemorrhage
(2/20, 10%), subarachnoid hemorrhage (1/20, 5%), hypoxic-
ischemic changes (1/20, 5%), and acute disseminated
encephalomyelitis-like changes (1/20, 5%). The authors sug-
gested that prolonged hypoxemia, consumption coagulopathy,
and endothelial disruption may be the likely underlying path-
ological mechanisms reflecting disease severity in this partic-
ular group.

NEUROPSYCHIATRIC ADVERSE EFFECTS OF COVID-
19 TREATMENT

According to a study investigating adverse events with the use
of chloroquine (or hydroxychloroquine) reported to the U.S.
Food and Drug Administration Adverse Event Reporting Sys-
tem database between 2012 and 2019, 520 cases (12%) with
neuropsychiatric adverse effects were reported among 4,336
case reports with exposure to chloroquine (76). Specifically,
exposure to chloroquine was associated with a significant
high reporting of amnesia, delirium, hallucinations, depres-
sion, and loss of consciousness. There was no significant
high reporting of suicide, psychosis, confusion, and agitation.
Importantly, current pharmacovigilance study results did not
suggest any potential link between the use of chloroquine and
an increased risk of suicide, psychosis, confusion, and agita-
tion, which would be informative during the emergency use
of chloroquine for the treatment of COVID-19.

According to a large meta-analysis reporting on neuropsy-
chiatric presentations associated with severe coronavirus
infections, steroid-induced mania and psychosis were
reported in 13 (0.7%) of 1,744 patients with SARS in the acute
stage in one study (8).

HEALTH CARE WORKERS

The COVID-19 pandemic has had apparent psychiatric reper-
cussions in health care workers (14). According to a review of
seven articles (N57,741), the anxiety level of medical workers
has increased significantly during the epidemic of COVID-19
(77). Another recent study from China found that physicians
also experienced an increase in mental health symptoms,
with fear of violence and a decline in mood, after the
COVID-19 outbreak (78). In particular, among 385 physicians
in training (247 women; median age 25 years), for the 2019 to
2020 cohort, daily mood scores decreased significantly
between quarter 1 and quarter 2 (b520.50; P50.002; b refers
to the change between quarters 1 and 2) compared with quar-
ter 1 and quarter 2 for the 2018 to 2019 cohort. Also, scores for
symptoms of depression (b50.61; P50.02) and anxiety
(b50.64; P50.008) increased significantly during this period.
In addition, fear of violence (odds ratio, 2.36; P,0.001) and

observation of violence from patients or their families (odds
ratio, 3.63, P,0.001) increased significantly (78). Even an epi-
sode of brief reactive psychosis has been reported in a general
practitioner under stressful circumstances derived from
COVID-19 (79).

A cross-sectional study of 502 health care providers during
the pandemic indicated that 55% had depressive disorder,
which ranged from mild (24.9%) to moderate (14.5%) and
moderately severe (10%) to severe (5.8%) (80). More than
50% had generalized anxiety disorder, which ranged from
mild (25.1%) and moderate (11%) to severe (15.3%). Multivar-
iate analysis showed thatmales were significantly less likely to
have anxiety; the 30–39 years age group was significantly
more likely to have depression and anxiety; and nurses had
a significantly higher mean score of anxiety.

A systematic review of 15 studies comparing the incidence
of psychological issues during the COVID-19 pandemic in
health care workers and non-health care workers indicated
that even though reasons for psychological distress in these
two groupsmay be different, both suffered from psychological
issues (anxiety, depression, occupational stress, posttraumatic
stress, and insomnia) in equal measures—except for insomnia,
which was reported at a significantly higher incidence among
health care workers (81).

A meta-analysis of 13 studies (33,062 participants) report-
ing on the mental health of health care workers showed
that anxiety (assessed in 12 studies) had a pooled prevalence
of 23.2%, while depression (10 studies) had a prevalence
rate of 22.8% (82). Female health care workers and nurses
exhibited higher rates of affective symptoms compared with

FIGURE 2. Spectrum of neuropsychiatric manifestations that
develop in noninfected patients and individuals during the
COVID-19 pandemica
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a Data shown are for health care workers, as well as individuals in the
general public. PTSD5posttraumatic stress disorder.
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male health care workers and medical staff, respectively.
Insomnia prevalence was estimated at 38.9% across five
studies.

Finally, a meta-analysis of 117 studies examining the impact
of viral epidemic outbreaks on health care workers’ mental
health found that the pooled prevalence was higher for acute
stress disorder (40%), followed by anxiety (30%), burnout
(28%), depression (24%), and posttraumatic stress (13%) (83).

PSYCHOSOCIAL IMPACT

Public health instructions and governmental measures to
confine spreading of COVID-19 during the pandemic
have imposed restrictions on daily living such as social dis-
tancing, quarantine, isolation, and home confinement and
have had a serious impact on psychosocial health (84).
Additionally, loss of life, lost or decreased job availability,
fear of contracting the virus, travel restrictions, and conse-
quent financial hardship have ushered in a new inimical
reality and life situation.

Thus, the pandemic has created an unprecedented socio-
economic tumult that has led to anxiety, coronaphobia, obses-
sive behavior, paranoia, depression, and posttraumatic stress
(2) (Figure 2). A meta-analysis of studies examining the
impact of COVID-19 pandemic on public mental health
showed a prevalence of stress in five studies with a total sam-
ple size of 9,074 at 29.6%, the prevalence of anxiety in 17 stud-
ies with a sample size of 63,439 at 31.9%, and the prevalence of
depression in 14 studies with a sample size of 44,531 people at
33.7% (85). A recent review of eight studies reporting mental
health outcomes of quarantine or isolation in any population
(most of the primary studies were conducted in high-
income nations and in hospital settings) indicated a high
burden of mental health problems among patients, informal
caregivers, and health care providers who experienced quar-
antine or isolation (86). Prevalent mental health problems
included depression, anxiety, mood disorders, psychological
distress, posttraumatic stress, insomnia, fear, stigmatization,
low self-esteem, and lack of self-control.

A meta-analysis of 15 studies comprising 22,996 children
and adolescents indicated that during the COVID-19 pan-
demic, children often suffered from anxiety (34.5%), depres-
sion (41.7%), irritability (42.3%), and inattention (30.8%)
(74). The behavior or psychological state of 79.4% of children
was affected negatively by the pandemic and quarantine; at
least 22.5% of children had a significant fear of COVID-19,
35.2% had boredom, and 21.3% had sleep disturbance. In
the same line, 52.3% and 27.4% of caregivers developed anxi-
ety and depression, respectively, while in isolation with
children.

CONCLUSIONS

Evidence is accumulating that SARS-CoV-2 can penetrate the
CNS through the olfactory or circulatory route and thus pro-
duce a direct effect on the CNS and PNS of infected patients,

with manifestations that include anosmia and dysgeusia,
encephalopathy, stroke, epilepsy, GBS, and other neuromuscu-
lar disorders, as well as an indirect influence on brain func-
tions by causing cytokine storm and inducing delayed
immune-mediated processes. Furthermore, the virus has
been implicated in maladaptive coping styles and major neu-
ropsychiatric symptoms and syndromes, including anxiety,
depression, delirium, and paranoia. The COVID-19 pandemic
has further created an unprecedented socioeconomic turmoil
that has led to severe psychosocial impact with widespread
stress, anxiety, and depressed mood, triggering or exacerbat-
ing mental health in noninfected individuals in the society
at large.

There is an immediate need for interventions aimed at
managing the psychosocial impact and mitigate the neuropsy-
chiatric manifestations in addition to the other health and
economic consequences of this unprecedented viral pan-
demic. Protection of mental well-being can be accomplished
by providing programs structured for psychosocial support
to all those in need, such as health care workers, persons
stricken by unemployment and financial hardship, families
with COVID-19-affected members, older adults, and other
vulnerable groups.
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