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Abstract: SARS-CoV-2 is one more virus that can affect the brain in one way or another. Now, we
are only beginning to understand some mechanisms and the degree to which it can impact the
nervous system. Considering the rapid accumulation of knowledge about multiple neurological
and cognitive symptoms in COVID-19 patients, it seems useful to encourage the development of
systematic approaches for the diagnosis, management and treatment of the cognitive aspects of
COVID-19. From what is known at this time about the impact of COVID-19 on the brain, the
presentation of long-term cognitive sequelae can be expected to be heterogeneous in nature and will
depend at least in part on the severity of the disease at the stage acute COVID-19. The long-term
essential characteristics of these sequelae will probably be related to a combination of causes and
different neuropathological processes in the acute phase. The scope and severity of the current
COVID-19 pandemic are unparalleled in modern society. The later implications for neurological
function can be just as serious. Although the current focus is on the management of acute diseases, in
the near future the focus should be on the long-term consequences of COVID-19 infection and its
mitigation, hence the need for the development of systematic approaches for the management of the
cognitive and neuropsychiatric aspects of COVID-19.
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In late December 2019, Chinese health authorities reported a cluster of pneumonia
cases due to a new coronavirus species (which quickly came to be known as SARS-CoV-2).
This RNA virus is responsible for coronavirus disease-2019 (COVID-19). Since then, the
number of persons affected skyrocketed and spread throughout the world. Four months
later, on 11 March, the World Health Organization (WHO) resolved to declare the outbreak
of a pandemic because of the global epidemiological situation. As of 12 December 2021,
the WHO has reported over 269 million laboratory-confirmed positive cases and nearly
5.3 million deaths worldwide [1].
From a clinical perspective, approximately 80% of patients develop only a few or no
symptoms (40% of the infected are asymptomatic). Additionally, SARS-CoV-2 infection
primarily affects the respiratory system, with fever and cough being the first and most usual
acute manifestations in symptomatic subjects [2,3]. Around 15–20% of affected may suffer
a much more severe illness, with respiratory complications potentially fatal in 5% [4,5].
Likewise, it can lead to several kinds of systemic neurological manifestations [6].
They include non-specific and mild symptoms, mainly headache, myalgia, anosmia
and dysgeusia. However, some patients can develop more severe complications such as
a neuroinflammatory syndrome, meningoencephalitis, encephalopathy, cerebrovascular

BioMed 2022, 2, 50–59. https://doi.org/10.3390/biomed2010005

https://www.mdpi.com/journal/biomed

BioMed 2022, 2

51

disease, or polyradiculoneuritis (i.e., Guillain-Barré syndrome) [6–9]. Usually, seriously ill
patients exhibit the severe neurological manifestations with more frequency [10]. In a large
cohort (841 patients) hospitalized by COVID-19 from two Spanish hospitals, 55% had neurological symptoms, a rate that increased to 65% in those with more serious infections [11].
CNS involvement was more frequent than PNS compromise [12]. Potential explanations
include increased brain vulnerability to compared to peripheral nerves and specific mechanisms by which SARS-CoV-2 may affect the nervous system are still debatable.
Several systematic and narrative reviews have been published that present a complete
overview of the scientific literature on the involvement of the central and peripheral nervous system by COVID-19 and the various manifestations in clinical terms and paraclinical
findings [13,14]. Additionally, the authors have made an effort to comprehensively assess
pathophysiology and categorize clinical features, as well as neuropathology, neuroimaging, electrophysiology, and CSF findings together, to analyze their impact on the clinical
setting [13].
COVID-19 commonly affects people of all ages, but the elderly population is disproportionately affected. Therefore, hospitalization and mortality rates increase, notably
for those above the age 65 [15]. Current evidence indicates that age, male sex and the
presence of several specific comorbidities are factors of poor prognosis and increased risk
of death [16,17]. In addition to vulnerability and suffering a more severe disease, the older
population is in increasing danger of sequelae.
A recent literature review highlighted the nervous system involvement of SARSCoV-2 infection with respect to its diverse neurological presentation and concludes, since
most reports and studies primarily emphasize respiratory symptoms, the prevalence of
neurological sequelae of COVID-19 could be underestimated [14].
The total spectrum of long-term evolutive complications in COVID-19 surviving patients is unknown. However, as occurs in other viral infections and critical-illness survivors,
there is increasing evidence that patients with COVID-19 can present neurological sequelae
in the months or years after the acute infection. In this sense, neuropsychiatric disorders or
cognitive deficits are the more common problems [18–20].
According to the previous premises, it could be appropriate to evaluate COVID-190 s
neuropsychiatric and cognitive manifestations, especially when direct social and clinical
consequences can arise on the quality of life of the subjects who suffer from them.
2. Discussion
2.1. COVID-19 Neuropsychiatric Manifestations
There are multiple neuropsychiatric manifestations described in patients infected with
SARS-CoV-2. They include insomnia, anxiety, stress symptoms, psychosis, and mood
disorders [11,21–23]. Data obtained from a collaborative global health platform, which
included medical records of over 40,000 positive COVID-19 cases, have shown that 22.5%
had one or more neurological or psychiatric manifestations. Anxiety and mood disorders
were the most prevalent (4.6%) conditions [24]. A UK study showed that 39 cases of a
cohort of 125 patients presented neuropsychiatric presentations: disturbed mental state,
encephalopathy, or new-onset psychosis [25].
A retrospective study carried out in a Spanish hospital identified 10 patients with newonset psychotic symptoms amongst 10,000 persons with laboratory-confirmed coronavirus
infection. The psychiatric symptoms resolved in less than 2 weeks after diagnosis. Those
episodes were considered “atypical”, considering the age of onset, the rapid recovery and
the absence of a family history of psychiatric disorders, including substance use/abuse [26].
Moreover, seriously ill COVID-19 patients admitted to an Intensive Care Unit (ICU)
also have a higher risk of developing delirium, aggravated by the frequent need for high
doses of sedation drugs, advanced age, and the presence of comorbidities [27]. In a French
study, 40 out of 58 patients (69%) treated in an ICU showed agitation, and 26 of them
developed a confused state. Brain imaging tests showed relevant alterations, such as
bilateral frontotemporal hypoperfusion [28].
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There is also evidence of a greater prevalence of depressive symptoms in the subjects
recovered from COVID-19 [29,30]. In Shenzhen (China), a study including 126 convalescents subjects showed that self-reported depression and anxiety were prevalent after
hospital discharge [29]. There is an association between depression and a state of systemic
immune suppression [30].
Most of the findings described are from self-reported scales, without formal clinical
evaluations. In our opinion, it is necessary to use more robust and follow-up studies to
determine whether the neuropsychiatric symptomatology of COVID-19 patients is related
to the infection itself, and, also, to know if they are secondary to the immune response,
adverse drug effects or psychological stressors. Whether the symptoms improve, disappear,
remain, worsen or reappear over time, and, finally, the possible impact on the subjects who
present them are also relevant areas of studies.
2.2. COVID-19 Cognitive Manifestations
As far as we know, there are only a few studies analyzing the effect of COVID-19
on cognitive function. Data from over 430,000 participants in the UK’s biobanks reveal
several psychosocial factors associated with the risk of hospitalization by COVID-19. After
controlling for variables that may introduce bias (demographic, economic, social, psychological, lifestyle factors, and comorbidities), the only significant factor associated with
hospitalization risk was lower cognitive function [31], however, the causality and probable
mechanisms involved in such an association are unclear. In a retrospective study conducted
in Chicago (USA) on 50 patients hospitalized for COVID-19 with neurological symptoms,
24% presented short-term memory loss [32]. Another study from the UK found that 6
out of a cohort of 125 patients hospitalized by COVID-19 and neurological manifestations
presented a neurocognitive disorder [25].
There are also signs of cognitive dysfunction after discharge from the hospital. In
this sense, a French observational study showed that more than a third (15/45) of patients
discharged from ICU presented cognitive deterioration, especially of the dysexecutive
syndrome [28]. In a small series of four patients with severe COVID-19 requiring ICU
admission, all of them had cognitive impairment (memory deficits and frontal syndrome)
after discharge. It is exciting to know that the symptoms remitted after intravenous immunoglobulin therapy [33]. Additionally, there was an association between the emergence
of delirium during hospitalization for COVID-19 and a lower score in cognitive tests four
weeks after discharge, although the comparison between groups did not reach statistical
significance by a long way [5].
The lack of more accurate information about cognitive symptoms in patients with
COVID-19 may explain the pandemic’s impact on health systems and the difficulty of
performing a comprehensive neuropsychological assessment in this context. However,
the study of cognitive function in these subjects is of great value to identify the factors
associated with the risk of the appearance of cognitive symptoms in people without preexisting cognitive impairment and to increase certainty about the possible underlying
mechanisms. It is fundamental and urgent to minimize the possible adverse effects on the
survivors’ cognitive and psychosocial functioning and quality of life.
2.3. Long-Term Neuropsychiatric and Cognitive Manifestations
There is not enough evidence for the long-term complications in patients who survive
the disease. Even so, it is not unreasonable to expect that they will appear in the future
(months or years later of the acute infection), as observed in 3 of 20 past pandemics caused
by influenza virus and in two epidemic coronaviruses (MERS-CoV and SARS-CoV) [34,35],
and in survivors of those who needed ICU admission [19,20]. In a systematic review and
meta-analysis [34] of 72 studies concerning neuropsychiatric manifestations secondary
to coronavirus infection, including the SARS-CoV (n = 47), MERS-CoV (n = 13), and the
current SARS-CoV-2 (n = 12) [34], both SARS-CoV and MERS-CoV were associated with
neuropsychiatric symptoms in both the acute and recovery phases. The results of the meta-
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analysis showed that, after recovery, the estimated prevalence of post-traumatic syndrome
was 32.2% (mean follow-up: 33.6 months), and the prevalence of anxiety disorders and
depression was 15% (average follow-up of 11.6 and 22.6 months, respectively) [34].
According to a recent meta-analysis, the health-related quality of life was significantly
lower in patients compared to the control group [34]. However, many of the studies
included in the analysis were of low or medium quality due to limited evaluation of
psychiatric symptoms and the lack of a control group [34]. However, the results of one of
the studies, with a sample of 181 individuals infected by SARS-CoV-1, showed that while
only 3.3% of patients had a history of psychiatric disorders before the viral infection, after
an average follow-up of 3.4 years, 42.5% met clinical criteria for at least one psychiatric
illness (an increase of 39.2 points). Stress disorder was the most prevalent disorder (54.5%),
followed by depression (39%) [18]. Likewise, 71% of confirmed MERS-CoV cases developed
psychiatric symptoms, and 40% of them met the criteria with a clinical psychiatric diagnosis
during hospitalization. None of the subjects quarantined as possible cases who tested and
tested negative for the virus showed psychiatric symptoms [36]. Therefore, this evidence
suggests a possible etiological role for coronavirus in inducing brain changes related to
psychiatric symptoms.
In persons with acute respiratory distress syndrome (ARDS) admitted to the ICU,
the following risk factors were associated with cognitive impairment: orotracheal intubation/mechanical ventilation, aggressive treatments, and prolonged sedation [37]. In the
current SARS-CoV-2 pandemic, an Italian retrospective case series study of 1591 patients
admitted to the ICU found 88% of patients required mechanical ventilation [38]. Long-term
outcome data on adults who require this respiratory help generally show alterations in
several cognitive domains, including attention, memory, verbal fluency, processing speed,
or function executive at the follow-up after discharge [20,39,40].
The latest studies carried out provide sufficient evidence to support the hypothesis
that COVID-19 infection is associated with cognitive deficits that persist in the recovery
phase [41,42]. Regarding the cognitive profiles, the global data indicate that the deficits
affected multiple domains to varying degrees, being more pronounced in reasoning, problem solving, spatial planning, and goal sensing, while simpler functions such as working
memory and emotional processing are respected [42–44]. Additionally, the possible limitations related to inferences about cause and effect should be considered when the studies
are cross-sectional [41]. These results are consistent with reports of post-acute COVID
syndrome, where “brain fog,” difficulty concentrating, and difficulty finding the right
words are common [42]. It is also important to be cautious in inferring a neurobiological
or psychological basis for the observed deficits without the availability of appropriate
neuroimaging data in many of these works, even though it can be assumed that there is
damage to the brain’s structural network [41]. The study of the cognitive and social consequences of this pandemic must be deepened, to better plan the treatment and rehabilitation
of these patients. Quite possibly, these patients with COVID-19 could benefit from early
and personalized neuropsychological rehabilitation and some studies in this regard are
beginning to be published [45].
2.4. Possible Pathogenic Mechanisms
The underlying causes of neurological COVID-19-related symptoms and the mechanisms involved in cognitive impairments are not fully understood. The etiology is probably
multifactorial. Some factors include virus neurotropism, a systemic inflammatory response
to the virus, cerebrovascular ischemia due to endothelial dysfunction (or coagulopathy),
ARDS in more severe cases, invasive ventilation and sedation, the adverse effects of some
drugs used to treat COVID-19 [37], and some genetic variants.
We now discuss three of the most probable potential pathogenic mechanisms: (1) viral
neurotropism; (2) systemic inflammatory response; (3) P2 × 7 receptor roles in COVID-19
processes and (4) genetic variants.
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(1). Viral neurotropism: Similar to other coronaviruses, SARS-CoV-2 shows neurotropism or an invasion of the Central Nervous System (CNS). Human coronaviruses
share a substantial similarity with neuro-invasive animal coronaviruses, such as PHEV
(Porcine hemagglutinating encephalomyelitis virus), FCoV (Feline Coronavirus), and JHM
(Murine hepatitis virus), regarding the structure and replication mode. All animal coronaviruses can invade the nervous system and cause multiple neurological disorders. Of
the seven human coronaviruses reported until now, four (HCoV-229E, HCoV-OC43, SARSCoV, and MERS-CoV) are neuro-invasive in humans [46]. Two potential factors explain
coronavirus’s intracerebral spread, namely, a direct hematogenous attack and a retrograde
invasion through the upper respiratory tract [47]. On mammalian host cells, SARS-CoV-2
uses the spike protein (S protein) located on its surface to bind to the Angiotensin-2 Converting Enzyme (ACE2) receptor [48]. The ACE2 receptor is known to be expressed in
neurons and glial cells [49].
On the other hand, in some animal models, there is evidence of neuronal death in the
brain after SARS-CoV-1 infection, a pathogenic occurring through the olfactory bulb [50].
To date, there is little evidence of brain infection directly related to the SARS-CoV-2. The
initial evidence of CNS damage related to COVID-19 emerged when a SARS-CoV-2-infected
patient was diagnosed with acute necrotizing hemorrhagic encephalopathy, along with
other common symptoms of COVID-19. Brain MRI images showed hemorrhagic edges
in several brain segments, such as the bilateral thalamus, medial temporal lobes, and
sub-insular regions [51]. A systematic review including 26 neuroimaging studies found
that 34% of patients (124 out of 361 cases) presented lesions; the most frequent radiological
finding was the diffuse affectation of the brain (subcortical and deep white matters), an
injury attributable to COVID-19. Other common, though less prevalent, findings were
microhemorrhages, hemorrhages, and cerebral infarctions [52]. The Reverse TranscriptionPolymerase Chain Reaction studies of cerebrospinal fluid samples performed in a few cases
of COVID-19 with neurological manifestations were negative [28,33].
In contrast to the multitude of studies that have highlighted lung injure caused by
COVID-19, less attention has been paid to the involvement of other organs in this systemic
disease, including neuropathological issues [53]. Studies conducted so far to investigate the
histopathological features of COVID-19 do not appear to have led to any specific damage
to brain tissue caused directly by the virus itself. The available neuropathological data of
COVID-19 cases are scarce, but most show hypoxic changes and demyelinating lesions,
and these neuropathological findings seem to be related to systemic inflammation and
coagulopathy caused by the infection, rather than to a direct effect of the virus [54,55].
However, a series of autopsies performed in Germany detected a viral load of SARS-CoV-2
in the brain, although at much lower levels than in the respiratory system [56].
At the moment, a consensus has by no means emerged about what exactly occurs
during a viral invasion of the brain and the search for definitive evidence of SARS-CoV-2
infecting neurons is controversial.
(2). Systemic inflammatory response: Even without direct brain infection, a severe
systemic infection can also cause a neuroinflammatory response. This reaction may promote
further tissular brain damage [57,58]. In severe cases, the virus can trigger a host response
that is exacerbated and dysregulated (cytokine storm), involving Tumor Necrosis Factor
(TNF), and Interleukin-6 (IL-6), among other cytokines. If the response persists over time,
it creates a systemic inflammation disorder, resulting in a disruption of the blood–brain
barrier and neuronal cell damage. Current evidence related to SARS-CoV-2 shows that
the most severely affected patients had higher proinflammatory cytokines levels [59,60].
Ultimately, the invasion of peripheral inflammatory molecules into the CNS can activate
resident macrophages in the brain, that is, the microglia cell. This neural cell becomes
hyperactivated and begins to produce its own set of inflammatory molecules, which
enhance neuroinflammation. The whole process of preparing the microglia to act is known
as “Microglial Priming” [61]. It is known that most classical chronic neurodegenerative
diseases have an association with the so-called neuroinflammation. These diseases are
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Alzheimer’s disease, multiple sclerosis, Parkinson’s disease, Huntington’s disease, and
cerebrovascular disease [62].
Many researchers have tried to explain the phenomenon of “Microglial priming”, in
which the microglial multiplies and activates while remaining in this condition (“priming”)
for a long time. The “priming” makes the microglia exceptionally vulnerable to a secondary
inflammatory stimulus. Even a small molecular trigger can induce an exaggerated microglia inflammatory response. Some experiments validated that TNF-alpha and microglial
activation have a loop relationship with positive feedback. This mechanism explains why
the brain is susceptible to cytokine storms created by any route, whether bacterial, viral, or
because of other inflammatory abnormality related to aging. Thus, the cytokines produced
by prepared microglia represent a much more significant threat to a disruption of the CNS
homeostasis than the aggregated systemic inflammatory molecules of peripheral monocytes [62]. The secondary stimulus that activates the microglia can begin in the CNS by any
means, similar to any other neuroviral or bacterial invasion. However, some conditions
that contribute to systemic inflammation (for example, diabetes, vascular conditions, or
arthritis) are the leading causes of “priming” of the microglia, a fact which can be observed
mainly in older populations [63]. This situation puts the older population at a greater risk
of neurological and cognitive disabilities after exposure to viral respiratory infections.
As has been said before, chronic systemic inflammation is one of the underlying
pathogenic mechanisms involved in some neurodegenerative conditions, such as Alzheimer’s
disease (AD) [64]. In a sample of 12,336 participants (mean age, 56.8 years), there was a significant association between systemic inflammation and fast cognitive impairment (after a
20-year follow-up) [63]. Inflammation related to viral infection worsens tau-related pathologies, resulting in spatial memory impairment [64]. The hippocampus, a cerebral region
involved in memory formation, is particularly vulnerable to respiratory viral infections,
as demonstrated in model animals [65]. For example, in mice infected with the influenza
virus, a two-class deterioration was observed, namely, short-term hippocampus-dependent
learning and long-term spatial memory impairment [66]. Besides, in the presence of proinflammatory cytokines, microglial cells lose their ability to phagocytize the β-amyloid, a
pathogenic mechanism perhaps related to the amyloid accumulation plaques that are characteristics of AD [67]. The cerebral hypoperfusion observed in the SARS-CoV-2 infection
may accelerate amyloid-β aggregation and deposition, [68] and the aggregation and abnormal folding of such other proteins as tau, TDP-43, and α-synuclein [69]. It has also been
suggested that the virus may induce the functional inhibition of acetylcholine receptors
and promote dysregulation of the excitatory-inhibitory balance [70].
(3). The role of the P2 × 7 receptor in COVID-19 infection: The P2 × 7 receptor
is expressed on CNS cells, mainly microglia and oligodendrocytes [71]. Elevated levels
of extracellular ATP induced by SARS-CoV-2 infection can trigger hyperactivation of
P2 × 7 receptors leading to stimulation of the NLRP3 inflammasome as a key mediator
in neuroinvasion and resulting neuroinflammatory processes, as has been observed in
different psychiatric disorders (anxiety disorders, depression or bipolar disorder) and some
neurodegenerative diseases (amyotrophic lateral sclerosis, Parkinson’s or Alzheimer’s
disease) [72,73]. The hyperstimulation of the neuroimmune response observed during viral
infection and in brain disorders may be mediated by the activation of the P2 × 7 receptor;
furthermore, this receptor appears as a key intermediary of the neuroinflammatory way as
a possible consequence of SARS-CoV-2 infection [74]. As some authors argue, these facts
may be of great interest, since the P2 × 7 receptor antagonist would be a promising strategy
to prevent or treat neurological complications in COVID-19 patients [74,75].
(4). Genetic variants: APOE-ε4 gene allele, the most potent genetic risk factor for
AD, appears related to an increased risk of infection and mortality from COVID-19. The
biological mechanisms involved in this association are not yet known [76]. There is a
reduction of expression of ACE2 in the brain tissue in patients with AD, particularly in
those who carry an APOE allele ε4. The ACE2 reduction correlates negatively with the
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pathology Aβ and tau phosphorylated [77]. Some authors argue that certain viral infections
can exacerbate neurodegeneration in subjects with susceptible genetic variants.
3. Conclusions
Based on the preliminary evidence explored in this short review about COVID-19 posinfectious associated neuropsychological and cognitive disorders, we think more studies
are necessary. It is crucial to determine the actual magnitude of the problem, from biological mechanisms to social consequences [78]. The underlying causes of the symptoms, the
pathogenic mechanisms involved in lasting damage, and whether the new pandemic coronavirus could precipitate, or exacerbate, some classical neurodegenerative diseases have
been investigated. The pandemic raises the prospect of growing collaborations between
neurosciences disciplines and virologist. It is a reminder that the brain, notwithstanding
the blood–brain barrier, is by no means impenetrable. Understanding the distinctive ways
that viruses can access in and wreak havoc to the brain may draw growing interest. This is
a great problem, and we think this is going to become a major area of study.
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