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Abstract

Purpose of Review Extrapulmonary manifestations of COVID-19 are abundant, including after recovery of acute SARS-
CoV-2 infection. This review seeks to explore the cognitive and neuropsychiatric manifestations of COVID-19 and post-acute
sequelae of SARS-CoV-2 (PASC), including Long COVID syndromes. Furthermore, the review will discuss rehabilita-
tion strategies for the emerging neurological consequences of COVID-19 to help those experiencing long-term effects of
COVID-19.

Recent Findings There is emerging evidence depicting the neural involvement of COVID-19. Health priorities have shifted
from understanding pathogenesis and treatment of pulmonary symptoms to targeting the acute and chronic sequelae of
COVID-19, including cognitive and neuropsychiatric symptoms. The sequelae of COVID-19 often co-occur with other
medical problems and is best managed by assessment and care across multiple disciplines. Symptoms following infection
are similar to those found by other syndromes and disorders that disrupt the central nervous system.

Summary The acute and chronic sequelae of COVID-19 have become major targets of current health care providers given its
significant public health impact, inclusive of cognitive and neuropsychiatric sequelae. Assessment and referral to rehabilita-
tion based on each individual’s needs and symptoms can decrease morbidity and improve quality of life.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[1]. COVID-19 has profoundly affected life around the world
from isolation and economic shutdown to illness, multiorgan
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failure, and death. In the beginning of the pandemic, the
health care community was focused on the pathogenesis and
acute treatment of COVID-19. As the pandemic evolved, the
focus has shifted to address the sequelae of COVID-19, as
extrapulmonary manifestations of COVID-19 are increasingly
more abundant. Although neurotropic viruses and their central
nervous system (CNS) effects have been reported since the
1918 influenza epidemic, the cognitive consequences have not
piqued the interest of many until COVID-19 [2].

As of December 2021, there have been over 200 million con-
firmed cases of COVID-19, including approximately 5 million
deaths and approximately 195 million people “recovered” [3].
Recovery from COVID-19 takes approximately 2 to 4 weeks
and is dependent on age and comorbidities [4], as well as sever-
ity of symptoms [5]. However, the number of those who have
“recovered” remains unclear, as even mild cases of COVID-
19 can have enduring or emergent symptoms [5]. These post
COVID-19 symptoms and conditions are referred to as the post-
acute sequelae of SARS-CoV-2 infection (PASC) [6, 7].

Cognitive and neuropsychiatric manifestations are seen
both in the acute and chronic phases of SARS-CoV-2
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infection. Notable neurological and psychiatric residual
effects of SARS-CoV-2 include but are not limited to
acute cerebrovascular disease, altered mental status, Guil-
lain—Barre syndrome, headache, fatigue, dizziness, dyspha-
gia, encephalitis, myelitis, myopathies, neuralgia/polyneu-
ropathy, seizures, sensory disturbances, anosmia, ageusia,
cognitive changes, and mood or psychotic disorders [8].
In addition, COVID-19 pandemic has upended normal life
around the world from economic disturbance to social isola-
tion. These indirect factors may contribute to mental health
implications seen in COVID-19 patients, such as depression,
anxiety, and posttraumatic stress disorder [8].

The exact pathophysiology of SARS-CoV-2 on the
nervous system is not completely understood but several
mechanisms have been proposed. ACE-2 receptors are the
functional receptors on cell surfaces through which SARS-
CoV-2 enters host cells. These receptors expressed by neu-
rons, although in less density compared to respiratory and
gastrointestinal epithelium [9]. In addition, endothelial cell
damage and thromboinflammation, hypoxia secondary to
vasculopathy, dysregulation of immune response and auto-
immunity, systemic inflammatory processes, cellular bioen-
ergetics, and dysregulation of the renin—angiotensin—aldos-
terone system are thought to contribute to SARS-CoV-2
pathogenicity [10e].

A multidisciplinary approach in assessment and treatment
plan is recommended to address the sequelae of COVID-
19. This review will focus on cognitive and neuropsychi-
atric manifestations of COVID-19 and their rehabilitation
strategies.

Cognitive and Neuropsychiatric
Manifestations in Acute COVID

Acute COVID-19 is defined as up to 4 weeks from onset of
symptoms [10e]. More than 80% of hospitalized patients
during the acute phase of COVID-19 infection experience
neurological symptoms. In about one-third of the cases
drawn from a meta-analysis of approximately 4,000 adult
cases of severe acute respiratory syndrome (SARS), Middle
East respiratory syndrome (MERS), and COVID-19 epi-
demics, cognitive impairment was reported at the time of
hospital admission [2]. More than 80% of the sample also
endorsed neurological symptoms during the acute phase of
COVID-19 infection [11].

Cognitive and neuropsychiatric manifestations of acute
COVID-19 have been divided by initial studies into cen-
tral, peripheral, and psychological [12]. Central symptoms
included dizziness and headache as the most prevalent.
Peripheral symptoms include dysgeusia, anosmia, and
muscle pain. Anxiety, depression, delirium, and psychosis
are common psychological manifestations [12]. Given the

preliminary nature of current research on SARS-CoV-2
manifestations, research examining the neuropsychiatric
effects of earlier coronavirus outbreaks predicts possible
long-term neuropsychiatric sequelae and likely mecha-
nisms [11]. These include encephalopathy, delirium/confu-
sion, psychiatric disorders, acute psychosis, and other acute
and chronic neuropsychiatric effects [11]. Cognitive and
neuropsychiatric manifestations, as well as other common
symptoms of COVID-19, are depicted in Table 1.

Toxic metabolic encephalopathy (TME) is the most com-
mon neurological complication in patients with COVID-19,
occurring in 12% of hospitalized patients [13]. Older age,
male sex, history of previous neurologic or psychiatric dis-
ease, chronic kidney or liver disease, hypertension, diabetes,
and coronary artery disease are the top reported risk factors
for TME [13]. TME etiology seems to be multifactorial in
patients with COVID-19 and has been found to be associated
with hypoxia, sepsis, and uremia and is associated with a
24% increase in hospital mortality [13].

Cognitive and Neuropsychiatric
Manifestations in PASC

PASC symptoms are defined as persistent symptoms and/
or delayed long-term complications beyond 4 weeks from
initial onset of illness [10e]. Approximately 80% of COVID-
19 cases are asymptomatic and mild [14]. Many patients
typically recover within 2 to 6 weeks of onset of illness
[15]. Approximately 30% and 80% of patients affected by
COVID-19 and hospitalized for COVID-19, respectively;
however, even those not hospitalized experience post-acute
COVID-19 sequelae [15]. PASC does not discriminate and
has been reported to affect children, adults, and those with
mild and severe COVID-19 infections [16]. PASC symptoms

Table 1 Cognitive and neuropsychiatric manifestations, as well as
other common symptoms of COVID-19

Cognitive and neuropsychiatric manifestations of acute COVID-19

Headache

Dizziness

Myalgia

Fatigue

Anosmia

Dysgeusia

Cognitive impairment
Stroke
Encephalopathy
Encephalitis
Guillain—Barre syndrome

Acute hemorrhagic necrotizing encephalopathy
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range from mild to severe and can persist for months affect-
ing one’s day to day life [17].

It is estimated that anywhere from around 30 to 80% of
patients affected by COVID-19 will experience one or more
long-term symptoms [10e]. In a meta-analysis, 55 long-term
effects associated with COVID-19 were identified, the most
common depicted in Table 2 [18]. Prominent post-acute
infection neurologic and psychiatric symptoms among
COVID-19 patients include fatigue, headaches, myalgia,
sleep disturbance, numbness/tingling, dysgeusia, anosmia,
anxiety, depression, dizziness, and cognitive impairment
[19e]. In addition, COVID-19 can affect the autonomic sys-
tem, as several case reports have described the development
of postural orthostatic tachycardia syndrome (POTS) [11].
The most debilitating features of PASC include fatigue and
cognitive impairment. In a literature review, it was identi-
fied that one-third of individuals experienced fatigue and
one-fifth of individuals experienced cognitive impairment
12 weeks following COVID-19 diagnosis [20].

The cognitive and neuropsychiatric manifestations of
COVID-19 are an emergent concern as more patients will be
seen for these persisting symptoms in the foreseeable future
[21]. The effects of these symptoms on patient’s functional
outcome, quality of life, and the economic burden of PASC
indicate a need for rehabilitation intervention to improve
patient outcome and reduce the impact of PASC [22-24].

Rehabilitation Assessment, Referrals,
and Treatment for Recovery

In acute patients, multidisciplinary approaches to rehabilita-
tion in an in-patient setting have been shown to be effective
in improving clinical outcomes. An approach combining

Table 2 The most common
long-term effects associated
with COVID-19

Cognitive and neuropsychiatric
manifestations of PASC

Fatigue

Headache
Attention disorder
Dyspnea

Ageusia

Anosmia
Post-activity polypnea
Joint pain

Sweat

Memory loss
Hearing loss
Anxiety
Depression
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general medical, pulmonary, cardiovascular, neurological,
and neuropsychological intervention is recommended.

Treatment for post-acute patients should be considered
in light of the availability of access to rehabilitation units in
the unique environment created by the pandemic. Traditional
rehabilitation protocols may not be accessible due to the
limitations on health care systems and need for hospital beds
for patients suffering from more acute illness. Therefore,
treatments should be considered as a formulated program
with greater attention to patients with comorbid conditions,
patients living alone, and those from rural settings [17].
Rehabilitation programs should also focus on developing
an outpatient multidisciplinary programmatic team approach
to improve functional outcome and facilitate recovery.

Neurocognitive and Functional Outcome

Cognitive deficits reported include problems with imme-
diate memory, attention, processing speed, and executive
functioning difficulties [25]. Over 75% of 18 patients in a
study with mild to moderate disease were found to have
the cognitive deficits listed above, indicating that cognitive
impairment can even effect those with mild disease [26].
Cognitive impairments in areas of working memory, execu-
tive functioning, memory, visuospatial ability, abstraction,
and orientation have also been found [17, 27]. Recovery in
some or most of these areas in the post-acute phase of the
illness has been demonstrated [28]; however, there are per-
sisting deficits seen in this phase, including patients who
were not hospitalized [29].

ICU stay has not been associated with having a greater
risk of a specific cognitive domain deficit as a result of
infection, but has been associated specifically with a risk
of poorer overall global cognitive ability and impairment
in executive functioning and working memory, particularly
in patients requiring at least 48 h of ICU care [30]. Cog-
nitive deficits were widespread in those with and without
ICU stays and occurred most commonly on measures of oral
processing speed and verbal fluency as well as learning and
memory [30, 31]. Those who required hospitalization were
also more likely to have objective cognitive deficits persist-
ing after the acute phase [29]. However, there have also been
conflicting findings suggested that cognitive deficits are not
greater in those requiring higher levels of acute care [35, 36].

Psychiatric distress and functional decline are also com-
mon, with 35% of COVID-19 survivors producing at least
one moderately elevated score across measures of anxiety,
depression, trauma, and functional decline [30]. One in four
patients requiring treatment in the ICU reported trauma-
related distress [30]. The prevalence of symptoms of PTSD,
anxiety, and depression 3 to 6 months post COVID-19 infec-
tion has not been found to differ between those who were
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hospitalized and those who were not, and has been found
to be unrelated to cognitive functioning [32]. A neuropsy-
chological evaluation can be useful in determining areas of
decrement in order to direct treatments, including recom-
mendations for psychotherapy, medication management, and
physical, speech, and occupational therapies [33]. Objective
cognitive assessments have been found as a more reliable
means to detect the presence of cognitive PASC versus sub-
jective assessment or self-report [27].

Intervention

Cognitive remediation and rehabilitation has been estab-
lished as an effective treatment for ongoing sequelae of brain
injury [34]. Common interventions that can be applied to
PASC patients include compensatory strategies based on
areas of deficit and training in metacognitive strategies and
are outlined in recently published consensus guidance state-
ments, which can be referenced [33].

Tele-rehabilitation, including home-based exercises tai-
lored to the patients’ needs, can be implemented based on
demonstrated areas of cognitive deficit [35]. Telemedicine
services may not be available based on factors such as access
to reliable internet connections, technology, and availability
of providers. Thus, in-person therapies may be warranted,
and these limitations should be particularly considered when
treating patients from disparate health populations.

Exercise programs have been applied as a means to
improve cognition, and cardiovascular exercise has been
found to improve attention, processing speed, executive
functioning, and memory [36]. Application-based exer-
cise programs in other rehabilitation populations have been
found to improve exercise engagement, but not functional
outcomes such as motor ability and cognition [37]. In PASC
patients, rehabilitation exercise programs focusing on resist-
ance, endurance, and balance training, which include an edu-
cation and pacing element, have yielded gains in cognition
[38]. Improvements in symptoms of fatigue and breathless-
ness [38] have also been found, as well as an improvement in
overall functional status [39]. Thus, it is recommended that
exercise programs be applied that are in-person or virtual,
and include education on pacing and psychoeducation of
symptoms, as well as physical exertion.

Psychiatric

It is common for psychiatric symptoms to develop after
infection from COVID-19; primarily depression, anxiety,
and symptoms of PTSD present in both the acute and post-
acute course of the illness [27, 40—42]. Data demonstrates an
increased risk, when compared to other medical illnesses, of
a psychiatric diagnosis within 90 days of a patient receiving
a positive test result [43ee]. Research supports the need for

treatment of both psychological support and neurocognitive
deficits after infection in the post-acute phase [28].

PTSD symptoms often include frequent rumination of the
illness, insomnia, and emotional lability, which most often
are likely to be seen in the post-illness stage [44]. Many
self-reported persisting symptoms have been found to be
more related to mood/anxiety rather than objective neu-
ropsychological cognitive test findings [45]. Treatment of
these symptoms will likely be necessary to yield functional
gains. Treatment modalities include psychoeducation, psy-
chotherapy, psychopharmacology, and peer support.

On an in-patient basis, it has been recommended that
occupational therapists, social workers, and psychologists
should provide psychological support and intervention [46].
A plan for discharge should also include follow up with psy-
chological services. Patients can benefit from tele-therapy or
tele-counseling to address emotional and mood disturbances
[47], and initial studies have demonstrated improvement
with this intervention [48]. Moreover, some patients may
have reservations about in-person visits, particularly those
with symptoms of PTSD, and may be more likely to engage
in treatment if remote treatment is made available.

Conclusion

The SARS-CoV-2 virus causing COVID-19 infection has
uprooted life around the world. Many patients infected with
COVID-19 will recover within a few weeks; however, some
may experience new, reoccurring, or persisting symptoms
after the acute infection. Clinical presentations are often
multifactorial in nature, and include both psychiatric and
neurocognitive symptoms. These life-changing symptoms
can be experienced by all age groups and even those with
mild disease and impact functional ability. The mecha-
nisms of neurologic and psychiatric complications related
to COVID-19 are not completely understood but is thought
to be due to pulmonary dysfunction and secondary to pro-
longed inflammatory response, with vascular and perfusion
abnormalities [11]. The expected neurocognitive and psychi-
atric outcomes post COVID-19 infection may be similar to
effects from prior pandemics, and other medical conditions
that impact the central nervous systems, including respira-
tory illness, metabolic disorders, and critical illness [49].
Multidisciplinary rehabilitation of the cognitive and neu-
ropsychiatric manifestations of COVID-19 during all lev-
els of care is essential. It is predicted that the delayed and
chronic effects of PASC will become known in the years to
come, and the medical community will need to respond with
a perspective considering this a public health crisis, given
the extensive reach of the virus and infection rates [50]. New
strategies for clinical care, research, and advocacy need to
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be addressed in PASC going forward to ensure recovery and
improve functional outcomes for our patients.
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