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Long COVID-19 syndrome has recently been recognised as a 
complex chronic clinical entity in subjects who have experienced 
SARS-CoV-2 infection. It is currently defined as the presence of 
symptoms for more than twelve weeks developed during or after 
SARS-CoV-2 infection which are not explained by an alternative 
diagnosis, usually presenting with clusters of symptoms that can 
affect any body system, including the central nervous system.1 
The prevalence of Post Acute Sequalae of SARS-CoV-2 infection 
(PASC) has shown significant variation among studies ranging 
from 33% in community-based studies2 to 75% in hospital-
discharged subjects.3–5 Several important risk factors for PASC 
have been recognised including not only hospitalisation itself, 
but also increased age and obesity.1 Further, observational 
studies indicate a higher risk of PASC among middle aged 
women,3–5 subjects with type 2 diabetes, subjects with the 
presence of autoantibodies during infection, and subjects that 
experienced more than five symptoms during the first week 
of initial infection.6–7 A recent study suggested the presence of 
PASC in 52% of young adults who were isolated at home during 
the infection, indicating the occurrence of PASC appears to be 
independent of the severity of initial illness.8 

Pathophysiological Processes Involved in Neurological 
Manifestations of PASC 
It is well known that coronavirus enters the host cell using clathrin-
mediated endocytosis (CME) that is triggered by the binding of the 
virion to host receptors, such as angiotensin-converting enzyme 2 
(ACE2), and to host proteases, such as transmembrane serine protease 
2 (TMPRSS2)9 or furin10 that are present in the secretory pathway and 
CME compartments. Exactly how SARS-CoV-2 invades the central 
nervous system (CNS) is not clear and needs to be established, but 
possible neuroinvasive mechanisms include hematologic spread, 
retrograde transport from the peripheral nervous system (PNS), 
and blood–brain barrier (BBB)-mediated spread.11 Studies on CoVs 
strongly favour retrograde neuronal transport as a viable route for 
viral invasion of the CNS.12–13 

A characteristic feature of PASC is the emergence of new 
symptoms that fluctuate over time. Several hypotheses have been 
put forward to explain this including: (a) the presence of a defective 
immune response which would favour viral replication for a longer 
time; (b) the existence of systemic damage secondary to an excessive 
inflammatory response or an altered immune system (cytokine 
storm syndrome); c) the presence of physical impairment or mental/
psychosocial sequelae (anxiety, depression, post-traumatic stress 
disorder, effects of confinement or social isolation); and unfortunately 
d) reinfection with the same or a different variant of SARS-CoV-2.14–15

The immunological mechanisms of neurocognitive presentation of 
PASC include immune exhaustion leading to chronic inflammation, 
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autoimmunity, and mast cell activation syndrome.16 Patients with 
PASC may develop a dysfunctional immune response, with increased 
interferon-γ, interleukin-2, B-cell, CD4+ and CD8+ T-cells, and appear 
to have effector T-cell activation with pro-inflammatory features.17 
Post-mortem analysis of COVID-19 patients show hypertrophic 
astrocytes and activated microglia18 and astrocytes likely play a 
pivotal role in the neuropathology of COVID-19, being involved in 
the virus’ CNS spread, immune responses, and neuronal function.19 
Both neuroinflammation and neurodegeneration in PASC are 
associated with reactive astrocytosis leading to failure of synaptic 
functions particularly in glutaminergic, GABA-ergic and glycinergic 
neurons following by disruption of short-term or/and long-term 
synaptic plasticity contributing to the development and perpetuation 
of neurocognitive symptoms.20 Microglia also play an important role 
in the development of PASC through the direct effects of microglia 
activation as initiators of reactive astrogliosis; via realisation of ATP 
from distressed cell (through hyperactivation of P2X7 receptors),21 and 
subsequent activation of NF-kB in microglia and astrocytes; increasing 
reactive oxygen species (ROS) production; activation of NRLP3 
inflammasomes, and upregulation of proinflammatory cytokines.22 
This hyperinflammatory stage is associated with high energy demand 
leading to a high degree of mitochondrial stress and eventually to cell 
death. COVID-19 patients with dysfunctional mitochondria are likely 
to exhibit a prolonged hyperinflammatory phase of sepsis, which 
may cause increased production of proinflammatory cytokines also 
resulting in increased cell death.23 This ROS-induced mitochondrial 
stress negatively affects mitochondrial metabolism and ATP synthesis 
and increases mitochondrial fragmentation.24 Cells with dysfunctional 
mitochondria may also have an impaired immune-tolerant phase repair 
responses, as well as reduced responsiveness to treatment.23 Thus, the 
interplay between inflammation and mitochondrial ROS-dependent 
oxidative stress is important for regulating inflammatory and antiviral 
immune responses.11

One proposed mechanism for persistent CNS dysfunction 
following even mild COVID illness suggests that neuroinflammation 
may result in hypometabolic lesions as seen on PET imaging.25 In 
one patient with a history of mild COVID, hypometabolism in the 
cingulate cortex was associated with diminished executive control 
and loss of attention.25 Similarly, a PET study examining several 
patients with persistent cognitive and emotional impairment six 
months after recovery from COVID-19 encephalopathy found 
hypometabolism in the frontal, anterior cingulate, and insular cortices 
as well as the caudate. These results suggest that COVID can have 
lasting negative effects on cognitive networks and that clinicians 
should maintain an index of suspicion for prolonged neurocognitive 
symptoms in patients who have recovered from the acute phase of 
COVID encephalopathy.26 Some authors have also suggested that 
neuroinflammation caused by mild COVID infections could even lead 
to neurodegenerative illness.27 Consequently, long-term follow up is 
recommended in all patients who experience neurologic derangement 
during COVID infection to detect persistent symptoms.25
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Assessing Cognitive Post-Acute Sequelae of SARS-CoV-2 Infection 
(PASC-Cog)
To date most CNS drugs have registered labels for a recognised 
specific disease or syndrome, and for the most part these claims tend 
to be focused on the disease entity rather than any specific features 
of the disease. More recently, however, regulatory agencies have 
approved development programmes for indications reflecting specific 
features of a disease such as negative symptoms, suicide ideation, 
and cognitive impairment in schizophrenia and depression; agitation 
in bipolar disorder and autism; and impulsive aggression in ADHD. 
Given that these indications have been considered valid targets for 
drug developers, many have maintained that cognitive impairment 
associated with other disorders would also represent a legitimate 
target for drug developers. 

The term 'brain fog' is probably the most common moniker used to 
characterise the cognitive dysfunction associated with PASC-Cog. It 
is also generally agreed that the underlying neurocognitive domains 
in PASC-Cog reflect difficulties in areas including but not limited to 
organisation and planning, working memory and self-monitoring, 
sustained attention / divided attention or vigilance / distractibility, 
and processing speed. Further, many of these cognitive domains 
seem to be related to many of the cerebral pathophysiological 
findings outlined above suggesting some degree of brain structure 
function correlates. Of note almost all the cognitive domains affected 
in PASC-Cog seem to be related to frontal system functioning and 
these measures are often referred to collectively as executive 
functioning. However, other behavioural aspects typically seen in 
frontal executive dysfunction such as disinhibition, impulsivity, and 
preservation do not seem to be particularly relevant in PASC-Cog 
suggesting a possible unique “cognitive signature” of PASC-Cog that 
represents a distinct and legitimate target for drug developers.

 
Ideally the cognitive signature of PASC-Cog should be reflected 

in diagnostic nomenclature that signifies this cognitive construct as 
being different from any other constructs that regulatory bodies may 
be currently entertaining in PASC or other disorders. It is important 
to note that the frontal executive dysfunction associated with PASC-
Cog is also a key symptom across many other disorders and is readily 
apparent in ADHD, Parkinson’s disease, bipolar/unipolar depression, 
traumatic brain injury, as well as in non-nervous system disorders 
such as HIV and primary breast cancer. 

Cognitive domains can be accurately measured by a number of 
validated and reliable standardised pen and paper as well as various 
computerised neuropsychological and behavioural measures, 
suggesting that reliable changes associated with novel drug 
intervention can be measured effectively in a controlled clinical trial 
setting. Given the vast number of tests with numerous associated 
outcome measures for each, cognitive test composites are often 
created to minimise Type 1 error (by reducing the number of outcome 
measures to a more manageable level) and importantly to improve 
signal detection by being more sensitive to treatment effects and 
change while reducing sample size. Composite cognitive endpoints 
have several other advantages including being more highly correlated 
with putative biomarkers such as neuroimaging and cerebral spinal 
fluid (CSF) measures in other cognitive indications. Importantly, 
the use of a composite score does not preclude an examination of 
individual domains within the composite as an exploratory analysis. 

Transforming data into a common metric based on standard scores 
such as Z-scores helps to ensure that the psychometric properties of 
the various components that comprise the composite have similar 
psychometric properties. This Z-transformed data for each cognitive 
composite can be analysed in a manner similar to that for non-

transformed data through the use of multivariate statistics. Importantly, 
this type of analysis permits a shape or profile analysis that can help 
determine if treatment affects one cognitive composite (e.g., executive 
function) to a greater degree than any or all of the others. If there is no 
difference across cognitive composites there would be no difference 
from zero (corresponding to the mean of the normative data) and 
this would be represented by a flat line across composite measures. 
However, if a non-flat line is apparent, a significant within-subject 
profile shape can be tested for via standard multivariate analysis of 
variance (MANOVA) or mixed model repeated measures (MMRM) 
techniques that detect significant differences between drug and 
placebo groups for all cognitive composites at baseline and over time. 
A significant profile shape-by treatment group-interaction could then 
be decomposed using univariate ANOVA techniques and Bonferroni 
corrected t-tests. A measure of premorbid intellectual functioning can 
be used as a covariate to control for general intelligence which has been 
shown to correlate highly with performance on almost all cognitive 
measures. Revealing a treatment-by-profile shape interaction would 
represent an achievement that could not be easily realised when 
examining a sole cognitive measure or single composite alone. 

Salient Aspects of PASC-Cog Study Designs
Randomisation into clinical trials designed to establish the efficacy of 
pro-cognitive drugs on PASC-Cog should be limited to those patients 
with documentation of prior COVID infection(s) via SARS-CoV-2-
positive diagnostic test with an established SARS-CoV-2 antigen, 
RT-PCR, or molecular diagnostic assay. Further, it will be important 
to establish the timing of the acute infection(s), the variant if known, 
symptom cluster by medical history, therapeutic treatment, and 
vaccine history. The presence of cognitive dysfunction for more than 
twelve weeks developed during or after SARS-CoV-2 infection is 
paramount and of course, there should not be any acute SARS-CoV-2 
infection at the time of randomisation nor during the study conduct. 
Vaccination status and known variant/timing may be related to 
symptom cluster and may serve as important covariates in analyses 
based on recent data. 

This notion is supported from a recent attempt to assess long-
term COVID symptoms in a naturalistic setting that analysed self-
reported symptoms from 1,459 people who had COVID symptoms for 
more than twelve weeks, and found that the largest group of patients 
reported a cluster of nervous system symptoms such as fatigue, brain 
fog, and headaches.28 Of note, the most common variant among this 
group was the Alpha variant, which was dominant in winter 2020-
2021, and the Delta variant, which was dominant in 2021, suggesting 
that it may be possible to enrich on nervous system symptoms 
based on type of variant or time of illness. Three distinct cluster of 
symptoms in both vaccinated and unvaccinated people based on the 
variants investigated thus far were found, indicating that the overall 
risk of long COVID was reduced by vaccination.

Confirmation of both objective and subjective/perceived cognitive 
dysfunction is essential and should be based not only on self-reported 
measures of overall cognitive dysfunction but also on measures 
related to organisation and planning, working memory and self-
monitoring, sustained attention / divided attention or vigilance / 
distractibility, and processing speed. Performance on at least two 
of these cognitive areas should fall between 0.5 and 2.0 standard 
deviations below age and education-related normative data to avoid 
both ceiling and floor effects related to putative treatments. Ideally 
there should be some congruence between self-report/informant 
report and objective neuropsychological measures as well. 

Importantly, it is critical to assess PASC related symptoms such 
as fatigue/daytime sleepiness and depression/anxiety. Although 
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patients should not be included or excluded based on these measures, 
there may be some utility in stratifying patients on these important 
variables that are known to affect cognitive outcomes. These non-
cognitive symptoms have also been seen independently in PASC 
and represent important secondary outcome measures that may also 
be amenable to treatment. Other measures related to presenteeism/  
worker productivity should also be gathered as these are vitally 
important patient-reported outcomes that may reflect changes in 
cognitive function in participants who are largely still working. 

Notably, data establishing non-response can also help to provide 
evidence to regulatory agencies that the intended target is not 
pseudo-specific. Pseudo-specificity claims are misleading because 
they seek to promote a distinction without meaning; consequently, 
these claims are rejected because they are held to be in violation of 
the requirement that a product’s labelling not be false or misleading. 
While it is relatively easy for many clinical trialists to acknowledge 
that specific cognitive domains are more likely to be associated with 
particular indications, few appreciate that even widely recognised 
cognitive enhancers typically affect multiple cognitive domains 
preferentially improving some domains while possibly causing 
impairments in others even when seen against a backdrop of 
improved overall cognitive function. 

Treatment duration should be at least six months in order to 
allow for reliable and durable effects to develop. It is reasonable to 
expect that the Z-score composites assessing change in the treatment 
versus placebo groups will provide evidence of reduced cognitive 
impairment in the treated group after a time frame of approximately 
24 weeks across cognitive domains. This is a similar time frame 
needed to see durable cognitive changes in studies of mild cognitive 
impairment associated with HIV-associated neurocognitive disorder 
(HAND). The milder level of cognitive impairment in HAND is similar 
in nature to PASC-Cog, with difficulties noted in concentration, 
planning/organising, and decision-making. Like PASC-Cog, HAND 
usually remains stable over time, rather than progressing as in the 
mild cognitive impairment typically associated with Alzheimer’s 
disease.  Monthly assessments should be sufficient to assess the slope 
of change over time and to ensure that patients have adequate data 
from serial testing for visit wise analyses. 

 
Relevant Biomarkers for PASC-Cog 
As there are no diagnostic tests nor treatments for PASC-Cog, the 
role of putative biomarkers in the design of clinical trials is critical. 
Electrophysiological biomarkers involving event-related potentials 
(ERPs) can serve as useful surrogates for cognition, and there is some 
evidence in early stages of the cognitive decline associated with 
neurodegeneration that electrophysiological measures may actually 
be more sensitive to treatment-related changes than many cognitive 
tests. As such, non-invasive biomarkers such as ERPs are routinely 
used to understand the connections between brain networks and 
treatment effects in early clinical trials and in proof-of-concept 
settings.  ERPs measuring brain response to specific events such as 
auditory stimuli can provide data on cognitive potentials such as 
P300, a component resulting from decision-making thought to reflect 
higher level cognitive processes associated with stimulus evaluation 
or categorisation. 

Although more invasive, CSF biomarkers, particularly 
inflammatory biomarkers, have also shown some diagnostic utility 
in PASC.29 Researchers have reported that participants with PASC 
had elevated levels of the CSF immune activation markers interferon-
gamma-inducible protein, interleukin-8, and the immunovascular 
markers vascular endothelial such growth factor-C and VEGFR-1, 
although differences compared to the control group were not 

statistically significant. Overall, 77% of participants with cognitive 
PASC had a CSF abnormalities compared with 0% of cognitive 
controls suggesting that CSF biomarkers could potentially be used for 
inclusion purposes, or to enrich patient samples, and of course as an 
outcome measure when measured serially. Notably, CSF biomarkers 
of neuronal injury may also be associated with PASC-Cog; and one 
biomarker neurofilament light protein (NFL) has been shown to be 
elevated across several cognitive disorders with associated declines 
in NFL seen following successful treatment. 

Finally, both structural and functional imaging should be 
considered as a useful exploratory outcome measures in PASC-
Cog. In the first longitudinal imaging study comparing structural 
brain scans acquired from individuals before and after SARS-CoV-2 
infection to those scans from a matched control group, researchers 
described both imaging and cognitive longitudinal effects following 
COVID even after excluding cases who had been hospitalised.30 
This group investigated structural brain changes in 785 UK Biobank 
participants imaged twice, including 401 cases who tested positive 
for infection with SARS-CoV-2 between their two scans, with 141 
days on average separating their diagnosis and second scan, as well 
as 384 controls. They reported a reduction in grey matter thickness 
and tissue contrast in the orbitofrontal cortex and parahippocampal 
gyrus, and a greater reduction in global brain size in SARS-CoV-2 
cases compared to controls. Notably, the participants who were 
infected with SARS-CoV-2 also showed on average a greater cognitive 
decline between the two time points than controls. Although 
structural changes are unlikely to be evidenced over relatively short 
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trial durations as suggested above, functional changes via PET 
metabolism or resting state via functional MRI may prove to be 
more beneficial in this time frame, especially given the nature of the 
cognitive deficits noted in PASC-Cog. In addition to PET, resting state 
functional connectivity may have some unique applicability given 
that this measures the temporal correlation of spontaneous signal 
among spatially distributed brain regions, and as such provides a 
much broader network representation of the functional architecture 
of the brain. Unlike traditional fMRI, resting state fMRI is more 
reliable and reproducible, has no task demands, and therefore, is more 
standardised and better suited for multi-site investigations. 

 
Summary 
In sum, PASC is a complex heterogeneous condition affecting mainly 
respiratory, cardiovascular, and very commonly the central nervous 
system. The most common nervous system symptoms of PASC 
are fatigue, cognitive dysfunction, and anxiety/depression.5,14 The 
neurocognitive symptoms associated with PASC seem to be distinct 
and persistent, significantly affecting patient quality of life.12 Data 
thus far on PASC-Cog suggests a unique “cognitive signature” that 
may represents a distinct and legitimate target for drug developers. 
Randomised controlled clinical trials of various nootropics are 
currently being designed and deployed with the hopes of ameliorating 
the cognitive dysfunction associated with PASC. Careful selection 
of entry criteria and the use of appropriate outcome measures and 
biomarkers as suggested above should help increase the chances of 
trial success of drugs designed to treat PASC-Cog.
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