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Abstract
Introduction: COVID-19, initially understood as a respiratory illness, has emerged as a multisystemic disease 
with persistent post-acute sequelae. Of growing concern is the impact of SARS-CoV-2 on the nervous system, par-
ticularly long after the acute infection has resolved.

Objective: This review synthesizes emerging evidence regarding long-term neurologic sequelae of COVID-19, 
with emphasis on cognitive, psychiatric, and structural brain changes, and highlights novel mechanisms and fu-
ture research directions.

Methods: A literature review was conducted across PubMed, Scopus, and Google Scholar databases for peer-re-
viewed articles between 2020–2024. We focused on observational studies, imaging-based research, and reviews 
related to long COVID and its neurologic manifestations.

Results: Long COVID is associated with brain fog, fatigue, memory deficits, and depression/anxiety persisting 
for months post-infection. Neuroimaging studies have revealed structural changes in the frontal cortex and limbic 
system, while pathophysiologic hypotheses include viral neuroinvasion, neuroinflammation, microvascular injury, 
and persistent immune dysregulation.

Conclusion: COVID-19's neurologic footprint persists beyond the acute phase, resembling neurodegenerative 
and mood disorders. Understanding these effects is critical for developing targeted therapies and rehabilitation 
strategies. This review underscores the urgency of integrative research into post-viral neuropsychiatric conditions.
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Introduction
As the acute phase of the COVID-19 pandemic recedes, atten-
tion is increasingly turning to the long-term sequelae of SARS-
CoV-2 infection. Among the most pressing concerns is the 
growing body of evidence suggesting that even mild COVID-19 
infections can lead to persistent neurologic and psychiatric com-
plications—a phenomenon broadly termed “Long COVID” or 
“Post-Acute Sequelae of SARS-CoV-2 Infection” (PASC).

What sets COVID-19 apart from prior respiratory viruses is the 
extent and diversity of these post-acute neurologic effects. While 
cognitive fog, anxiety, and fatigue are common in viral conva-
lescence, the persistence of structural brain changes, gray matter 
loss, and persistent cognitive impairment months after infection 
suggests unique neurobiological consequences.

This review highlights newly emerging imaging, mechanistic, 
and cohort-based data from 2020– 2024 that further elucidate 
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how COVID-19 leads to long-lasting neuropsychiatric im-
pairment, reinforcing that PASC is not merely psychosomatic 
or post-viral fatigue but may share overlapping features with 
chronic neuroinflammatory and neurodegenerative conditions.

Methods
We searched PubMed, Scopus, and Google Scholar for literature 
published between January 2020 and April 2024 using terms 
including: “Long COVID,” “Post-acute COVID,” “Neuro- 
COVID,” “cognitive impairment,” “SARS-CoV-2 brain,” and 
“neuroinflammation.” Priority was given to peer-reviewed arti-
cles, systematic reviews, longitudinal studies, and neuroimaging 
research. Articles in English only were included. A total of 60 
papers were reviewed, with 28 selected for detailed inclusion 
based on relevance and novelty.

Results
Epidemiology of Neurologic Long COVID
Large cohort studies estimate that 20–35% of individuals, in-
cluding those with mild or asymptomatic infections, report per-
sistent neurologic symptoms three to six months post- infection. 
These include:

•	 Fatigue
•	 Brain fog
•	 Impaired concentration

•	 Headache
•	 Insomnia
•	 Anxiety and depression

One of the largest retrospective cohorts (Taquet et al., Lancet 
Psychiatry, 2021) showed that nearly 1 in 3 COVID survivors 
received a neurologic or psychiatric diagnosis within 6 months 
[1].

Cognitive and Psychiatric Effects
Cognitive dysfunction (“brain fog”) is one of the most common-
ly reported symptoms, even among non-hospitalized patients 
(Graham et al., 2021) [2]. Cognitive domains affected include at-
tention, memory, executive function, and language fluency. Psy-
chiatric symptoms, including depression, anxiety, and PTSD-
like features, may reflect shared neurobiological pathways such 
as limbic system inflammation and HPA axis dysregulation.

Neuroimaging and Structural Changes
Recent brain imaging studies have provided objective correlates 
to patient-reported symptoms, supporting a biological basis for 
cognitive impairment in long COVID. These neuroimaging find-
ings reveal consistent alterations in brain structure and metabo-
lism, particularly in regions involved in cognition and emotion. 
Key studies are summarized below:

Study Finding
Douaud et al. (Nature, 2022) Reduction in gray matter thickness in orbitofrontal cortex and parahippocampal gyrus

Lu et al. (2020) White matter microstructural changes on DTI (diffusion tensor imaging)
Hosp et al. (Brain, 2021) Glucose hypometabolism in frontoparietal cortex

Nystad et al. (2023) Systematic review showing MRI abnormalities in up to 30% of long COVID patients

Study Sample Imaging Modality Key Findings
Douaud et al., 2022 UK Biobank, N=401 MRI (T1,

structural)
Reduced gray matter thickness in orbitofron-

tal cortex and parahippocampal gyrus
Lu et al., 2020 N=60 COVID

patients
Diffusion Tensor Imaging 

(DTI)
White matter microstructural changes indicat-

ing disrupted connectivity
Hosp et al., 2021 N=15 subacute COVID 

pts
18F-FDG PET Glucose hypometabolism in frontoparietal 

cortex correlated with cognitive deficits
Nystad et al., 2023 Systematic Review 

(N=var)
MRI (various) MRI abnormalities (e.g., white matter lesions, 

microbleeds) found in up to 30% of long 
COVID patients

These findings support a biological basis for cognitive symptoms and may help in developing biomarkers.

Proposed Pathophysiology
•	 Direct neuroinvasion: SARS-CoV-2 may enter via the ol-

factory bulb, disrupting the limbic system.
•	 Neuroinflammation: Chronic microglial activation and cy-

tokine dysregulation may underline cognitive and mood 
symptoms.

•	 Microvascular injury: Endothelial dysfunction and blood-
brain barrier disruption may cause long-lasting damage.

•	 Autoimmunity: Cross-reactive antibodies have been found 
in CSF, raising concerns for post-infectious autoimmune 
encephalopathy.

These mechanisms may operate synergistically to create sus-
tained neurologic injury long after viral clearance.

Comparison to Other Post-Viral Syndromes
While post-viral fatigue and depression are not unique to 
COVID-19, the scale and persistence of symptoms—particular-
ly in mild cases—suggest a broader CNS impact. The spectrum 
overlaps with conditions like ME/CFS and even mild traumatic 
brain injury.

Discussion
The persistence of neurologic symptoms in COVID-19 survivors 
represents a looming public health challenge. Unlike transient 
post-viral fatigue, long COVID’s neurologic impact includes 
measurable structural brain changes and lasting impairment in 
daily function. Its resemblance to other neuroinflammatory dis-
orders invites speculation about long-term risk for neurodegen-
eration.
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Moreover, the broad demographic affected—often younger in-
dividuals with mild disease—raises concerns about workforce 
impact, educational interruption, and psychiatric comorbidity.

Clinicians should be aware that patients may present months 
after infection with vague but debilitating cognitive symptoms. 
Multidisciplinary care teams including neurology, psychiatry, 
rehabilitation, and primary care are crucial for comprehensive 
management [7- 19].

Conclusion
SARS-CoV-2 infection can result in persistent neurologic symp-
toms that resemble neurodegenerative and neuroinflammatory 
conditions. As evidence mounts for structural brain changes and 
sustained immune dysregulation, long COVID should be under-
stood not as a psychological phenomenon but as a bona fide neu-
ropsychiatric syndrome.

Future research should focus on identifying biomarkers, risk 
factors, and interventional targets. Given the global scale of in-
fection, the long-term neurologic impact of COVID-19 may be 
the next major wave of chronic disease burden.
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