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ABSTRACT

The COVID-19 pandemic, caused by SARS-CoV-2, has become a major global health crisis
with widespread effects on healthcare, society, and economies. Initially seen as a respiratory
illness, it is now recognized as a multisystem disease, with growing evidence of its impact on
the nervous system.

Neurological complications - such as cognitive impairment (“brain fog™), strokes, Guillain-
Barré syndrome, and mood disorders - have been reported in both severe and mild COVID-19
cases, highlighting the unpredictable nature of post-COVID sequelae. These symptoms can
persist long after the acute phase of infection.

The mechanisms behind these effects are complex and not yet fully understood. They include

direct viral invasion of the central nervous system, immune dysregulation (e.g., cytokine storm,
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autoimmunity), and blood—brain barrier disruption, all of which may lead to neuroinflammation
and neurodegeneration.

The long-term neurological consequences pose significant clinical and societal challenges,
requiring multidisciplinary care and tailored rehabilitation strategies. This review summarizes
current knowledge on the neurological manifestations of COVID-19, underlying mechanisms,
and therapeutic approaches, aiming to inform evidence-based post-COVID care.

Aim: The aim of this article is to provide a comprehensive analysis of current research
exploring the relationship between SARS-CoV-2 infection and subsequent neurological
disorders, the changes occurring within the central nervous system during infection, and the
underlying pathophysiological mechanisms involved.

Materials and Methods: An extensive literature review was conducted using the PubMed
database, with a focus on scientific publications published between 2019 and 2024. The search

strategy was guided by a selection of relevant keywords, including: “SARS-CoV-2,” “COVID-

bR N13 99 ¢ 99 ¢¢

19,” “neurological disorders,” “nervous system,” “neuroinflammation,” “cognitive functions,”
“neuropsychological rehabilitation,” and “pathophysiology of the central nervous system.” This
approach enabled the identification of peer-reviewed studies addressing the neurological
consequences of COVID-19, with particular emphasis on pathophysiological mechanisms,
clinical manifestations, and therapeutic strategies.

Keywords: SARS-CoV-2, COVID-19, neurological disorders, nervous system,
neuroinflammation, cognitive functions, neuropsychological rehabilitation, pathophysiology of

the central nervous system

Introduction to SARS-CoV-2 Infection

The first cases of infection with the novel coronavirus SARS-CoV-2 were detected at the end
of 2019 in the city of Wuhan, located in Hubei Province, China. Initially, cases of pneumonia
of unknown etiology were reported, but further research confirmed that they were caused by a
newly identified coronavirus. The first death associated with SARS-CoV-2 infection was
recorded in Wuhan at the beginning of January 2020. Over the following months, the virus



rapidly spread worldwide, leading to a global pandemic. On March 11, 2020, the World Health
Organization (WHO) officially declared COVID-19 a pandemic. [1]

The disease COVID-19 is caused by the SARS-CoV-2 virus, which belongs to the genus of [3-
coronaviruses. It is a zoonotic pathogen capable of interspecies transmission. [2] SARS-CoV-
2 shares close genetic similarities with other coronaviruses that have caused severe epidemics
in the past, such as SARS-CoV and MERS-CoV. The severe acute respiratory syndrome
coronavirus (SARS-CoV) emerged in Guangdong Province, China, in 2002, spreading to five
continents primarily via air travel. Meanwhile, the Middle East respiratory syndrome
coronavirus (MERS-CoV) was first identified in 2012 on the Arabian Peninsula, from where it
spread to 27 countries. Both of these viruses, like SARS-CoV-2, originate from bats, which are

considered their natural reservoir hosts. [2-4]

The COVID-19 transmission pathways play a crucial role in the rapid dissemination of SARS-
CoV-2.The primary modes of transmission include respiratory droplets released during close
human interaction and the potential fecal-oral route. The virus enters the body through the nasal

or oral cavity, facilitating its spread. [5]

The course of COVID-19 infection varies widely, ranging from asymptomatic cases to severe
cases requiring hospitalization. The severity of the disease is correlated with age and the
presence of comorbidities such as hypertension, diabetes, and cardiovascular diseases. The
incubation period of the virus ranges from 1 to 14 days, with a median age of infection of

approximately 55 years.

The symptoms of COVID-19 are diverse, with the most common including fever, runny nose,
cough, and fatigue. Some patients also experience headaches, diarrhea, and shortness of breath.
In the long term, post-acute symptoms such as persistent shortness of breath (22.9%-53% of
patients after two months), chest pain (21% of patients after 60 days), and palpitations (9%)
have been observed. Other symptoms include muscle weakness, sleep disturbances, loss of taste

and smell (11%-13.1%), as well as psychological issues such as anxiety, depression, and PTSD.

SARS-CoV-2 can infect multiple organ systems. The respiratory system is the most commonly
affected, potentially leading to pneumonia and acute respiratory distress syndrome (ARDS). In
addition to the respiratory system, SARS-CoV-2 infection can impact the cardiovascular,
nervous, digestive, musculoskeletal, genitourinary, and dermatological systems, as well as the

kidneys and circulatory system. [6]



Long-term complications of COVID-19 affect multiple organ systems. In the respiratory
system, pulmonary fibrosis and oxygen dependence are commonly observed after hospital
discharge. The impact on the cardiovascular system may include myocarditis and
echocardiographic abnormalities. Patients recovering from COVID-19 also face an increased
risk of thrombosis and microthrombosis in the lungs. The nervous system is affected by
cognitive impairments, brain fog, difficulties with speech fluency, and executive function
deficits. Psychologically, PTSD, depression, anxiety disorders, and insomnia are frequently
reported. Dermatological complications include rashes and hair loss. Gastrointestinal effects
include chronic diarrhea and microbiome alterations, while reproductive issues may include
fertility disorders. Additionally, patients may experience muscle mass loss and chronic kidney

disease.

Although COVID-19 is primarily a pulmonary disease, it affects the entire body and leads to
multi-organ complications across various systems. In this review, we focus on the long-term

complications associated with the central nervous system. [7]
Mechanisms of COVID-19 Impact on the Nervous System

Neurotropism of SARS-CoV-2 — How the Virus Affects the Nervous System

Initially, it was believed that the acute respiratory distress syndrome (ARDS) caused by SARS-
CoV-2 was limited to the immune system. However, the increasing number of infections has
demonstrated that COVID-19 can affect the entire body, including the peripheral and central
nervous systems. Examples of central nervous system (CNS) diseases associated with COVID-
19 include encephalopathy, encephalitis, acute disseminated encephalomyelitis, meningitis,
ischemic and hemorrhagic stroke, cerebral venous sinus thrombosis, and endotheliitis. In the
peripheral nervous system, COVID-19 has been linked to olfactory and gustatory dysfunction,
muscle injury, and Guillain-Barré syndrome [8]. Although the mechanisms by which SARS-
CoV-2 affects the nervous system are not yet fully understood, attention should be paid to the

virus's neurotropism as well as the role of the immune system and inflammatory responses.

The infection process begins with the binding of the SARS-CoV-2 spike protein to the ACE2
receptor (angiotensin-converting enzyme 2). This interaction enables viral entry into the host
cell following proteolytic cleavage of the spike protein by the transmembrane protease
TMPRSS2. ACEZ2 is highly expressed in alveolar epithelial cells but is also found in various
organs and tissues, including the cerebral cortex, kidneys, gastrointestinal tract, gallbladder,

testes, and adrenal glands [8].



SARS-CoV-2 exhibits the ability to affect the central nervous system (CNS). There is evidence
for the neurotropism of coronaviruses, including SARS-CoV, whose antigen and RNA have
been detected in brain tissue during post-mortem analyses [9]. The mechanism of SARS-CoV-
2 neuroinvasion is not fully elucidated, but it is suggested that the virus may enter the CNS via
ACE?2 receptors and TMPRSS2, which facilitate its cellular entry.

In contrast to encephalopathy, where there is no direct evidence of viral invasion, encephalitis
may result from neuronal damage due to SARS-CoV-2 replication in neural tissue. In isolated
cases, SARS-CoV-2 RNA has been detected in cerebrospinal fluid (CSF) via RT-PCR,
confirming direct infection. However, in many cases, despite CNS inflammation, the virus was
not detected, suggesting immune-mediated mechanisms as potential causes of neurological
damage [10].

The diagnosis of SARS-CoV-2 neuroinvasion relies on neuroimaging studies, such as MRI and
EEG, which may reveal focal brain lesions. Key evidence of infection includes a positive RT -
PCR result from cerebrospinal fluid, the presence of specific intrathecal antibodies, and the

detection of viral antigen or RNA in brain tissue [11,12].

The Role of the Immune System and Inflammatory Response

Direct invasion of the brain by SARS-CoV-2 is rare, and neurological complications are often
the result of indirect effects such as excessive activation of the immune system. While the
immune response is essential for combating infection, its dysregulation can lead to damage and
pathological changes within the nervous system. The underlying mechanisms of COVID-19-
related neuropathology include cytokine storm, direct viral damage, the production of
antibodies against self-antigens, and infiltration of immune cells across the blood-brain barrier
(BBB) [13].

The cytokine storm in COVID-19 is characterized by excessive immune activation, leading to
the rapid release of large quantities of pro-inflammatory cytokines. This condition can provoke
a severe inflammatory response, resulting in multi-organ damage, including to the lungs, and
contributes to increased mortality risk [14]. Analysis of cerebrospinal fluid (CSF) from patients
with neurological symptoms of COVID-19 revealed elevated levels of brain injury markers,
such as neurofilament light chain (NfL), total tau (T-tau), and glial fibrillary acidic protein
(GFAP), along with increased concentrations of pro-inflammatory cytokines, including IL-6,
IL-8, and TNF. Importantly, most patients showed no presence of the virus or antibodies in the
CSF, suggesting that central nervous system (CNS) damage is more likely due to indirect effects



of infection—primarily through immune system overactivation [15,16]. Among the cytokines
particularly involved in neuropathology are IL-6, TNF, IFN-y, and chemokines that attract
neutrophils (e.g., IL-8) and monocytes (CCL2, CCL5) [17]. Animal models have shown that
molecules such as CXCL1, induced by IL-10, contribute to BBB disruption and the migration
of neutrophils into brain tissue. Neutrophilic infiltrates have been observed in the brains of
COVID-19 patients, supporting the involvement of this pathway in neurological pathology [18].

An interesting aspect is the role of protective cytokines such as IL-10, IL-1RA (IL-1 receptor
antagonist), and hepatocyte growth factor (HGF). Their increased levels correlate with disease
severity, possibly reflecting an attempt by the body to counteract excessive inflammation. For
example, anakinra (an IL-1 receptor inhibitor) has demonstrated some efficacy in reducing
mortality in COVID-19 patients, suggesting that modulation of cytokine pathways may be a
promising therapeutic approach [19]. Another component implicated in CNS injury is the
complement system, whose excessive activation (especially of C3 and C5 components) may
result in microthrombi and damage to cerebral endothelial cells. Current research is ongoing
into drugs that target these proteins [20]. While broad-acting immunosuppressive agents like
dexamethasone may help mitigate cytokine storms, their use requires caution—as they may do
more harm than good in patients with mild COVID-19. Therefore, it is crucial to develop
targeted therapies that selectively inhibit harmful cytokines without impairing antiviral defense
mechanisms [21]. In summary, the cytokine storm plays a significant role in the neurological
complications of COVID-19, both by directly damaging neural cells and by destabilizing the
blood-brain barrier. Further research into biomarkers and targeted therapies may help develop

more effective strategies to protect the CNS in patients with severe infection.

SARS-CoV-2 infection can also lead to neurological complications involving autoantibodies.
Their activity is primarily based on molecular mimicry—the similarity between viral proteins
and human neural structures. In rare cases, anti-NMDA receptor antibodies have been observed,
while peripheral syndromes such as Guillain-Barré syndrome have occurred more frequently
[22,23]. The mechanisms of damage include both the direct effects of autoantibodies and
secondary inflammatory processes. Excessive immune activation disrupts the BBB, releasing
additional autoantigens and intensifying the autoimmune response. For instance,
antiphosphatidylserine antibodies have been detected, which may promote thrombotic
processes [24]. Although many cases of Guillain-Barré syndrome have been reported following
COVID-19, typical anti-ganglioside antibodies were often absent, and the overall incidence of

the disease did not increase during the pandemic. Currently, it is essential to differentiate



between pathogenic autoantibodies and those that merely indicate tissue injury. Further studies
are needed to clarify the precise mechanisms of these processes and to support the development

of more effective therapies [25].

Another aspect in analyzing the role of the immune system in post-COVID-19 neuropsychiatric
disturbances is the impact of infection on central nervous system cells, particularly microglia,
neurons, and astrocytes. Microglia, the resident immune cells of the brain, play a key role in
the immune response to infection. Post-mortem studies in COVID-19 patients have revealed an
increased number of activated microglial cells (CD68+, IBA-1+), a finding also supported by
single-nucleus RNA sequencing. This activation is associated with inflammatory signaling and
cellular stress and is often accompanied by microglial nodules damaging axons. Microglia can
become activated even in the absence of active brain infection by SARS-CoV-2—for example,
due to the spike protein (S1), which can cross the BBB and trigger inflammatory pathways.
Additionally, microglia respond to cellular stress signals (DAMPS), which may arise from BBB
damage. While microglial activation is necessary for infection control, its chronic presence may
lead to neuronal damage and neurological symptoms. These changes may be associated with
long COVID symptoms (PASC). In rodent models, microglial activation following S1 protein
injection led to cognitive and anxiety-related impairments. The role of other CNS cells, such as
neurons and astrocytes, remains less well understood. However, increased levels of
neurodegeneration and gliosis markers have been detected in the blood of COVID-19 patients.
RNA analyses and histological studies have shown reduced synaptic activity in neurons, neural
cell death, decreased hippocampal neurogenesis, and demyelination in white matter. Functional

changes in astrocytes have also been observed but require further investigation [26].

An equally important issue in the neuropathology of SARS-CoV-2 is the disruption of the
blood-brain barrier (BBB) by the virus. The virus targets endothelial cells of cerebral vessels,
increasing BBB permeability and allowing pathogens and inflammatory molecules to enter the
CNS. Additionally, the cytokine storm associated with COVID-19 amplifies the inflammatory
state, leading to degradation of tight junction proteins in endothelial cells and further weakening
of the barrier. Autopsy studies have revealed the presence of the virus in neurons and
inflammatory infiltrates in brain tissue, confirming the direct effect of infection on the BBB.
Long-term consequences of these changes may include an increased risk of neurodegenerative
diseases, such as Alzheimer’s disease, due to chronic inflammation and impaired brain

homeostasis [27].



Cognitive and Neurological Impairments Following COVID-19

An analysis conducted on a group of 214 patients hospitalized in three specialized COVID-19
treatment centers in Wuhan, China, revealed that 36% of them exhibited neurological
symptoms. These symptoms were classified according to their association with the central
nervous system (CNS), peripheral nervous system (PNS), and skeletal muscles. In total, 25%
of patients presented with symptoms indicative of CNS dysfunction, including dizziness (17%),
headache (13%), impaired consciousness (7.5%), acute cerebrovascular events (3%), ataxia
(0.5%), and seizures (0.5%) [8].

Other studies conducted in Wuhan categorized patients based on the severity of pneumonia and
pulmonary function impairment. Neurological symptoms were more frequently observed in
patients with severe disease compared to those with a mild course of COVID-19. Although all
CNS-related symptoms were more common in the severely affected group, only impaired
consciousness and acute cerebrovascular events showed statistically significant differences

between the two groups [28].

Brain imaging studies in COVID-19 patients have revealed a range of abnormalities potentially
associated with the observed neurological symptoms. In studies conducted in 2020 during the
acute and subacute phases of SARS-CoV-2 infection, structural changes were identified in
approximately 34% of patients undergoing neuroimaging, with the most predominant
abnormalities located in the white matter. Hyperintense lesions on magnetic resonance imaging
(MRI) or hypodensities on computed tomography (CT) accounted for 76% of all recorded
abnormalities [29]. These changes often appear as diffuse lesions, primarily affecting the white
matter of the frontal, temporal, parietal, and occipital lobes, although deep brain structures such
as the thalamus, cingulate gyrus, and internal capsule may also be involved. In some cases,
abnormalities have been observed in the brainstem, cerebellum, and corpus callosum. These
findings may be associated with leukoencephalopathy, leukoaraiosis, or, more rarely,

demyelinating processes [30].

Neurological disturbances prompting neuroimaging include, among others, altered
consciousness, seizures, strokes, focal symptoms (e.g., paresis), and olfactory and gustatory
dysfunction. Electroencephalography (EEG) in some patients has revealed generalized slowing
of brain bioelectrical activity or focal epileptiform discharges, which may reflect functional
disturbances linked to the infection. Less commonly, ischemic strokes, intracerebral

hemorrhages, microbleeds, and cerebral edema have been reported. These conditions may result
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from the direct impact of the virus on cerebral endothelial cells, systemic inflammatory

responses, coagulation disorders, or hypoxia [29, 31-33].

Importantly, in some patients, neuroimaging abnormalities are transient and resolve within a
few weeks, suggesting reversible damage related to the infection. However, in others, these
changes may persist, potentially leading to long-term neurological deficits. In summary,
neuroimaging plays a crucial role in the diagnosis and monitoring of COVID-19-related
neurological complications. The predominance of white matter abnormalities, alongside less
frequent but serious vascular events (strokes, hemorrhages), highlights the complex
mechanisms underlying central nervous system involvement in the course of this infection.
Further research is needed to better understand the long-term neurological consequences of
COVID-19.

Memory and Concentration Problems: Brain Fog After COVID-19

Brain fog (BF) is a colloquial term describing subjective cognitive disturbances, including
difficulties with concentration, forgetfulness, slowed thinking, and problems with organizing
or articulating thoughts. Although not a disease entity in itself, it represents a significant
secondary symptom in various clinical conditions—ranging from chronic fatigue and
depression to autoimmune diseases. In the context of the COVID-19 pandemic, BF has garnered
particular attention as a frequent and persistent symptom of post-COVID syndrome (commonly
referred to as long COVID), significantly reducing patients’ quality of life regardless of the

severity of the initial infection.

A study by Nordvig et al. demonstrated that approximately 31.9% of patients experienced brain
fog one year after infection, regardless of the severity of the acute phase of COVID-19 [34].
Interestingly, age and pre-existing comorbidities were not found to be significant risk factors
for the development of BF [34]. Women more frequently reported BF symptoms than men,
possibly due to physiological differences in the nervous system or immune response [34]. BF
was also associated with other symptoms of long COVID, such as sleep disturbances (63% vs.
29% in individuals without BF), dyspnea (46% vs. 18%), and fatigue (49% vs. 22%). Patients
with BF more often reported limitations in daily activities, changes in employment status (e.g.,

medical leave), and a decline in quality of life [34].

In a study by Junco et al., the long-term effects of BF were assessed in hospitalized COVID-19
patients approximately two years after infection [35]. It was shown that the severity of COVID-
19 (measured by the NEWS2 score) correlated with a greater number of BF symptoms,
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including difficulty focusing, a sense of “disconnection,” and daytime drowsiness. Moreover,
patients with more severe disease exhibited poorer performance in cognitive assessments,

particularly in working memory and attention tasks [35].

Research by Lanz-Luces et al. found that 61% of patients experienced BF, with symptom
severity correlating with more frequent reports of concentration difficulties. BF persisted for up
to 240 days post-infection, impacting patients' ability to perform everyday tasks [36].

In a study by Cipolli et al., the long-term effects of BF were also evaluated. In the subacute
phase (4-12 weeks after infection), language functions, episodic memory, and executive
functions were most frequently impaired. After 12 weeks, attention deficits, episodic memory
loss, and executive dysfunctions became predominant. Patients who experienced a severe
course of illness (e.g., requiring mechanical ventilation) were at greater risk of developing

cognitive impairments [37].

Several studies have emphasized the association of BF with psychological disorders such as
depression, anxiety, and sleep disturbances [34—36]. In the study by Junco et al., 35% of patients
reported symptoms of depression, and 75% experienced sleep disturbances [35]. Notably, BF
can persist for months or even years following infection, impairing patients' ability to return to

normal functioning [34,35].

In a study by Asadi-Pooya et al., the prevalence of BF was assessed among 2,696 patients with
documented COVID-19 in Fars province, Iran. It was found that 7.2% of participants
experienced chronic BF symptoms more than 12 weeks post-infection. Significant risk factors
included female sex, respiratory symptoms during the acute phase, and intensive care unit (ICU)
hospitalization [39]. These findings corroborate earlier observations regarding women’s
increased susceptibility to long-term COVID-19 effects and suggest that a more severe course

of illness elevates the risk of cognitive disturbances.

Interestingly, this analysis did not identify age or comorbidities as significant contributors to
BF, which is consistent with the findings of Nordvig et al. [34]. The authors propose that long-
lasting neurological symptoms—such as concentration difficulties or disorientation—may
result from both biological mechanisms (e.g., neuroinflammatory brain injury) and

psychosocial consequences of the disease [39].

In contrast, the study by Khieukhajee et al. found that 61.76% of hospitalized patients

demonstrated cognitive impairments based on the Montreal Cognitive Assessment (MoCA),

12



most frequently involving executive functions, short-term memory, and visuospatial skills [38].
Unlike the Iranian study, this research indicated that advanced age and lower education levels
were significant risk factors, while clinical variables such as hypoxia, inflammatory

biomarkers, and treatment methods showed no effect on cognitive outcomes [38].

Researchers point out that a lower level of education may reflect reduced cognitive reserve,
increasing vulnerability to post-infectious impairments, including those related to COVID-19.
Importantly, no statistically significant difference in cognitive test scores between COVID-19
patients and healthy individuals was found in multivariate analysis, underscoring the need for
further longitudinal studies to determine whether SARS-CoV-2 infection indeed results in
permanent cognitive damage [38].

In conclusion, findings from the reviewed studies confirm the complexity of post-COVID brain
fog. Its prevalence and associated risk factors vary across populations and assessment methods.
Nonetheless, BF represents a real and lasting burden for patients, negatively affecting their
quality of life and social functioning. Further research is essential to clarify the
pathophysiological mechanisms, standardize diagnostic tools, and develop effective therapeutic
interventions—particularly for high-risk groups such as women, individuals with severe illness,

and those with lower educational attainment.

Stroke and Vascular Complications

Stroke is among the most severe vascular complications that may occur during or after SARS-
CoV-2 infection. An increasing number of studies indicate an elevated risk of thromboembolic
events in patients following COVID-19, even among those with a mild course of the disease.
These complications are particularly concerning due to their sudden onset, potential for

permanent neurological damage, and association with long-term cognitive dysfunction.

In a study by Fridman et al., the incidence of stroke in patients with COVID-19 was analyzed
in comparison to non-infected individuals. It was found that individuals infected with SARS-
CoV-2 had a significantly higher risk of ischemic stroke, especially within the first 30 days
after infection. Moreover, this elevated risk persisted for several months, particularly among
hospitalized patients and those with pre-existing cardiovascular risk factors. The authors
emphasized prothrombotic mechanisms triggered by the virus, including endothelial

dysfunction, cytokine storm, and direct vascular injury [40].

Similarly, an analysis conducted by Cheng et al. confirmed an increased frequency of vascular
complications, such as pulmonary embolism, deep vein thrombosis, and stroke during the post-
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COVID recovery period. The study involved over 150,000 individuals with prior SARS-CoV-
2 infection, a significant proportion of whom experienced vascular incidents within the first
year after infection. Notably, even individuals with mild COVID-19 were at increased risk of
thrombosis, suggesting that the long-term consequences of the infection are not limited to

severe cases [41].

Comparable findings were reported in an analysis by Long et al., published in the American
Journal of Emergency Medicine. The authors described a range of vascular complications,
including venous thrombosis, pulmonary embolism, and the risk of cardiac and cerebral injury
resulting from a generalized inflammatory response. Systemic cytokine activation and the direct
action of the virus on ACE2 receptors—present in the endothelium and myocardial tissue—
lead to cardiovascular dysregulation. Cardiac injury, including myocarditis, acute heart failure,
and arrhythmias, was observed even in individuals without prior cardiovascular disease,
potentially increasing the risk of neurological complications such as stroke or ischemic
encephalopathy [42].

Particularly alarming are thrombotic complications within the nervous system. Patients with
COVID-19 have demonstrated significant coagulation abnormalities, including elevated D-
dimer levels, which correlate with an increased risk of pulmonary embolism and microemboli
in the cerebral circulation. These mechanisms may result in strokes, including both large

territorial infarctions and numerous microemboli that cause chronic cognitive deficits [42].

Both studies, along with the analysis by Long and colleagues, emphasize the need for long-term
monitoring of patients post-COVID-19, particularly regarding cardiovascular and neurological
systems. The high incidence of strokes and other thromboembolic events highlights the
importance of implementing preventive strategies, such as anticoagulant therapy and
management of risk factors (hypertension, diabetes, obesity) in individuals recovering from the

infection.

Polyneuropathies and Neurological Syndromes: Guillain—-Barré Syndrome

Guillain—Barré syndrome (GBS) is a rare but potentially severe autoimmune disorder of the
peripheral nervous system that may occur following viral infections, including SARS-CoV-2.
A growing body of evidence suggests a link between COVID-19 and the development of GBS,
with symptoms emerging during or after the acute phase of infection. GBS can lead to
progressive weakness, muscle paralysis, and in severe cases, respiratory failure requiring

intensive care unit (ICU) admission.
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A study by Toscano et al. highlighted that Guillain—Barré syndrome may develop shortly after
the onset of COVID-19 symptoms, even in patients with a moderate course of the disease. The
authors observed that demyelinating and axonal variants were the predominant clinical forms,
with a substantial number of patients requiring respiratory support and intensive care. Their
findings suggest that SARS-CoV-2 may act as a trigger for an autoimmune attack on peripheral
nerves, resulting in rapid neurological deterioration [43].

Similarly, an analysis by Abu-Rumeileh et al. indicated that post-COVID GBS cases are more
frequent than previously assumed and may affect both older and younger individuals, regardless
of the severity of infection. The classic form of GBS was most commonly reported, though
atypical variants, such as Miller Fisher syndrome, were also noted. Importantly, many patients
required ICU care and prolonged neurological rehabilitation. The authors emphasized that the
immune response induced by SARS-CoV-2 may persist for weeks after infection, increasing
the risk of delayed neurological complications. Their results also support the consideration of
GBS as a possible post-COVID manifestation, with early diagnosis and treatment potentially

improving clinical outcomes [44].

Zhao et al. reported that GBS in post-COVID patients may follow an atypical clinical course,
including sensory disturbances, weakness in both lower and upper limbs, and rapid deterioration
in respiratory function. Notably, some patients exhibited no classical symptoms of COVID-19,
complicating the recognition of a causal link between the infection and the neurological

syndrome [47].

The same study described a case in which neurological symptoms preceded the development
of respiratory illness, suggesting the possibility of asymptomatic COVID-19 or a delayed onset
of typical viral manifestations. The authors stress the importance of differential diagnosis in
patients presenting with neuropathic symptoms during the COVID-19 pandemic [47].

Further robust evidence of a potential association between SARS-CoV-2 infection and GBS
was provided by a multicenter observational study conducted in Northern Italy, spanning March
2020 to March 2021. The researchers reported a 59% increase in total GBS cases compared to
the previous year. Notably, COVID-19-positive patients accounted for half of all GBS cases,
with peaks coinciding with waves of SARS-CoV-2 infection. Among post-COVID GBS
patients, the classic clinical form (88.8%) was predominant, especially the demyelinating AIDP

subtype (76.2%). These patients more frequently experienced autonomic dysfunction and
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required ICU admission (49.2%). COVID-associated GBS was characterized by a more severe

course and higher disability scores on the Hughes scale [46].

Comparable observations were made in a Polish case study of a 50-year-old patient who
developed classic GBS 18 days after a mild COVID-19 course. Electrophysiological studies
and cerebrospinal fluid analysis (showing albumin-cytological dissociation) confirmed a mixed
axonal and demyelinating polyneuropathy. Following plasmapheresis therapy, the patient
achieved near-complete symptom resolution. This case demonstrates that GBS can occur even
after a mild SARS-CoV-2 infection and that the treatment response supports a post-infectious

immune mechanism as the likely cause of neurological complications [45].

Proposed pathophysiological mechanisms include molecular mimicry between viral antigens
and neural structures, activation of the complement system, and increased release of
proinflammatory cytokines—all of which can contribute to demyelination and axonal damage
[44, 45].

All presented cases and analyses point to the need for clinical vigilance, particularly when
neurological symptoms appear in patients recovering from COVID-19. Early recognition of
Guillain—Barré syndrome and timely initiation of treatment (e.g., intravenous immunoglobulin
or plasmapheresis) may significantly improve prognosis and shorten hospitalization duration.
Given the potentially severe course of GBS and the risk of long-term disability, long-term
monitoring of patients after COVID-19 for signs of polyneuropathy and neurological

syndromes is essential [43-47].

Risk Factors and Vulnerable Groups for Neurological Complications Following COVID-
19

Predisposing Factors for the Development of Neurological Disorders After COVID-19

Among the most frequently identified risk factors for neurological complications following
COVID-19 is the severity of the acute illness. Hospitalization, the need for mechanical
ventilation, or admission to the intensive care unit significantly increase the likelihood of
complications such as encephalopathy, stroke, brain fog, and Guillain—Barré syndrome (GBS)
[28, 30, 35, 38, 42, 43, 45]. Direct viral mechanisms have also been implicated, including the
neurotropism of SARS-CoV-2 and endothelial dysfunction, which can lead to damage of

cerebral vessels and impaired microcirculation [29, 30, 42].
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Other severe neurological conditions have also been observed in COVID-19 patients, including
acute necrotizing encephalopathy (ANE), acute disseminated encephalomyelitis (ADEM),
subacute encephalopathy, and ischemic stroke [29, 30, 33, 41]. The presence of respiratory
symptoms—»both during the acute phase of infection and in the context of long COVID—
represents an additional risk factor for the development of brain fog and other neurological
complications [36, 40].

In the case of GBS, the primary pathophysiological mechanism is considered to be an
autoimmune response triggered by the infection—particularly through molecular mimicry and

the production of antiganglioside antibodies [43-45].

Impact of Age, Sex, and Comorbidities

Age was a significant risk factor in several analyses—older individuals were more susceptible
to severe neurological complications, including cognitive deficits and encephalopathy [28, 38,
42]. However, some studies demonstrated that younger individuals may also experience
complications, as evidenced by the case of a 16-year-old boy who suffered a stroke in the course
of multisystem inflammatory syndrome in children (MISC) [41]. Other studies suggested that
age does not necessarily correlate with the risk of brain fog; rather, other factors such as low

educational attainment may play a more prominent role [34, 36, 39].

Female sex was repeatedly identified as a significant risk factor for the development of brain
fog and post-COVID cognitive symptoms [34—37, 40]. In contrast, men predominated in cases

of GBS, a trend supported by findings from meta-analyses [43-45].

Comorbidities such as hypertension, diabetes, obesity, and cardiovascular diseases increase the
risk of neurological complications, especially in the context of GBS and stroke [28, 42—45].
Interestingly, some studies on brain fog reported no significant association with comorbidities
[34, 36, 39], highlighting the complexity and heterogeneity of the mechanisms underlying this

phenomenon.

Role of Lifestyle and Psychosocial Factors

Lifestyle factors were not directly assessed in most of the reviewed studies. However,
psychosocial factors such as depression, anxiety, insomnia, and social isolation have shown
strong associations with neurological symptoms, particularly in the context of long-term
cognitive disturbances [34—38]. These impairments negatively impact patients’ quality of life

and their ability to return to daily functioning and employment.
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In relation to brain fog, poor sleep quality and both mental and physical fatigue are particularly
relevant, often persisting for several months following infection [34-36]. The broader
psychosocial consequences of the pandemic—including stress and lack of social support—may
further exacerbate neurological and cognitive symptoms, even in patients who did not
experience severe COVID-19 [36-38].

Therapeutic Options and Neurological Rehabilitation in Post-COVID-19 Neurological
Complications

Neurological complications following COVID-19 have emerged as some of the most frequently
reported long-term sequelae, significantly affecting patients’ quality of life [48]. Due to the lack
of specific therapeutic protocols, current management relies on a symptomatic approach,
integrating  pharmacological  treatment with  psychological interventions and
neuropsychological rehabilitation [51, 52].

Pharmacotherapy for Post-COVID-19 Neurological Disorders

Currently, no medications are specifically approved for the treatment of neurological symptoms
related to long COVID. In clinical practice, however, drugs with known efficacy in treating

depression, anxiety, and cognitive impairments are being employed.

Antidepressants and anxiolytics, such as selective serotonin reuptake inhibitors (SSRIS) like
sertraline or escitalopram, are widely used to manage mood and sleep disturbances [50].
Benzodiazepines are also used to treat acute anxiety episodes, although their use is
recommended only in the short term due to the potential for dependency [48]. Literature reviews
indicate that up to 20% of patients experience depressive and anxiety symptoms within the first

three months after infection [50, 51].

In cases of cognitive impairment, such as “brain fog,” some clinical teams have introduced
nootropic agents, including donepezil (an acetylcholinesterase inhibitor) or memantine—
similar to their use in mild cognitive impairment. Observational studies have shown beneficial
outcomes with such interventions; however, authors emphasize the need for randomized

clinical trials to confirm their efficacy and safety in the post-COVID population [48, 49, 52].

In more severe cases, particularly where neuroinflammatory components are suspected,
immunomodulatory therapy may be applied, such as corticosteroids or cytokine inhibitors (e.qg.,

tocilizumab). However, these therapies are generally reserved for patients with acute
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neurological inflammation and are not part of the standard treatment for mild cognitive
disorders [50].

Psychological Interventions and Neurocognitive Rehabilitation

In addition to pharmacological treatment, increasing importance is given to psychological
therapies and cognitive rehabilitation, which may effectively support neurological recovery in
post-COVID-19 patients.

Cognitive-behavioral therapy (CBT) is one of the most extensively studied and recommended
psychotherapeutic approaches in the context of long COVID. Clinical studies have
demonstrated significant improvements in depressive and anxiety symptoms, as well as sleep

quality, in patients undergoing CBT [48, 51].

Neuropsychological rehabilitation is based on multimodal training of cognitive functions,
including memory, attention, and executive functioning, often supported by digital tools.
Programs such as the one implemented by the Institut Guttmann have shown high
effectiveness—up to 74% of patients exhibited improvements in verbal memory and verbal
fluency after an eight-week intervention [48]. Authors emphasize the need for standardization
of these rehabilitation strategies using validated diagnostic tools such as the Wechsler Adult

Intelligence Scale or the California Verbal Learning Test [52].

Moreover, relaxation techniques and mindfulness-based interventions, including Acceptance
and Commitment Therapy (ACT), have demonstrated positive effects in managing chronic
fatigue, stress, and frustration related to prolonged symptoms. These approaches help reduce

stress and regulate emotions, thereby indirectly supporting cognitive recovery [49, 52].

Across the analyzed studies, the importance of early identification of neuropsychological
deficits and the implementation of multidisciplinary treatment approaches—incorporating both
pharmacological therapy and comprehensive rehabilitation—is consistently emphasized [51,
52].

The Role of Neuropsychological Rehabilitation in Post-COVID-19 Neurological Recovery
Clinical studies confirm a high prevalence of cognitive and neuropsychiatric disorders
following COVID-19, with estimates suggesting that up to one-third of patients experience such
complications within six months of infection [50]. In response to this phenomenon,
comprehensive rehabilitation programs have been implemented—such as the model developed

by the Institut Guttmann—which combine cognitive training, emotional support, and
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physiotherapy. The application of such multidisciplinary programs has resulted in significant
improvements in memory, attention, executive functioning, and a reduction in anxiety and

depressive symptoms [48, 49].

According to data from systematic reviews, between 30% and 80% of patients who have
recovered from COVID-19 exhibit long-term cognitive deficits, including problems with
concentration, working memory, and executive functions [51]. Rehabilitation is particularly
effective among individuals with severe forms of the disease, underscoring the importance of

early therapeutic intervention [51].

Studies involving hospitalized patients have shown that neurological symptoms can persist for
up to 12 months after discharge, particularly in those who required intensive care. In this
population, as many as 45% reported limitations in their ability to work, while more than half

struggled with daily tasks—clearly indicating the need for long-term rehabilitative support [53].

Rehabilitative Methods
Neuropsychological rehabilitation programs are multifaceted and incorporate various

therapeutic strategies tailored to the individual needs of patients.

Cognitive training involves exercises designed to enhance memory, attention, and executive
functions, frequently supported by digital tools [48]. Available analyses indicate that programs
based on standardized tests—such as the Montreal Cognitive Assessment (MoCA)—are
effective in improving cognitive functioning in individuals with post-COVID-19 syndrome
[52]. In some cases, Acceptance and Commitment Therapy (ACT) and neurofeedback are also

introduced to support neuroplasticity and cognitive recovery [53].

Emotional therapy, primarily based on cognitive-behavioral techniques, plays an essential role
in treating coexisting mood disorders. Data presented in the literature show that the presence of
depression, anxiety, and PTSD symptoms may exacerbate cognitive deficits, which confirms

the need for a holistic therapeutic approach [52, 53].

Compensatory strategies, including the use of task planning tools, written notes, calendars, and
mobile applications to support daily organization, can help offset deficits in memory and
concentration. The effectiveness of these methods increases when they are individualized,

particularly in patients with persistent symptoms and functional limitations [52, 53].

Although neuropsychological rehabilitation significantly improves quality of life, many

patients do not achieve full recovery. Long-term data show that even six months after
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completing therapy, nearly 45% of patients are unable to return to work at full capacity, and

over 80% report limitations in social and occupational functioning [49].

Cognitive impairments have also been documented in patients who experienced mild forms of
COVID-19, which confirms the need for long-term monitoring and continued therapeutic
support [51]. Additionally, structural changes in the brain’s white matter may underlie
persistent symptoms, necessitating early neuropsychological intervention [52]. Some
researchers suggest that these lasting cognitive deficits may have a neurodegenerative basis,

highlighting the need for further research and individualized treatment strategies [53].

Neuropsychological rehabilitation is a key component of comprehensive treatment for patients
with post-COVID-19 syndrome. The effectiveness of interventions increases when they are
implemented early, adapted to individual patient profiles, and delivered through an
interdisciplinary approach. Although full recovery is not always possible, these interventions
significantly improve cognitive, emotional, and social functioning. The available data further
emphasize the necessity of ongoing research aimed at developing optimal, long-term
therapeutic models [51-53].

Conclusion

The COVID-19 pandemic has underscored the complex and multifactorial consequences of
SARS-CoV-2 infection, extending far beyond acute respiratory illness. Accumulating clinical
and experimental data confirm that the nervous system is particularly vulnerable, with
neurological and neuropsychological sequelae emerging as prevalent and often long-lasting

complications of both severe and mild cases of COVID-19.

The key mechanisms contributing to post-COVID neurological disorders include direct
neurotropic effects of the virus, immune system dysregulation—such as cytokine storm and
autoantibody production—and disruption of the blood-brain barrier. These processes
collectively contribute to neuroinflammation, cognitive decline, cerebrovascular events, and
syndromes such as Guillain—Barré. Moreover, the pandemic-induced psychological stress,
sleep disturbances, and social isolation have exacerbated neuropsychiatric symptoms, further

impairing patients' functioning and recovery.

A substantial proportion of individuals affected by COVID-19 report persistent symptoms such
as brain fog, attention and memory deficits, mood disturbances, and fatigue—indicating long-

term alterations in central nervous system functioning. Importantly, these impairments have
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been observed in both hospitalized and non-hospitalized patients, including those with initially

asymptomatic or mild infections.

Given the broad spectrum and persistence of neurological symptoms, effective management
must incorporate multidisciplinary approaches. Pharmacological interventions—such as SSRIs,
nootropics, or immunomodulatory agents—should be complemented by individualized
psychological therapies and structured neurocognitive rehabilitation programs. The observed
efficacy of cognitive-behavioral therapy (CBT), mindfulness-based interventions, and digital

cognitive training platforms emphasizes the importance of integrative therapeutic strategies.

Understanding the underlying mechanisms and long-term implications of post-COVID
neurological sequelae is essential for developing effective prevention and rehabilitation
protocols. Further longitudinal studies and randomized controlled trials are urgently needed to
validate therapeutic approaches and optimize care for affected individuals. In this context,
neuropsychological rehabilitation emerges as a cornerstone of post-COVID care, with the
potential to substantially improve cognitive, emotional, and functional outcomes in this

growing patient population.
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