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Abstract

COVID-19 causes lasting neurological symptoms in some survivors. Like other infec-
tions, COVID-19 may increase risk of cognitive impairment. This perspective highlights
four knowledge gaps about COVID-19 that need to be filled to avoid this possible
health issue. The first is the need to identify the COVID-19 symptoms, genetic poly-
morphisms and treatment decisions associated with risk of cognitive impairment. The
second is the absence of model systems in which to test hypotheses relating infection
to cognition. The third is the need for consortia for studying both existing and new lon-
gitudinal cohorts in which to monitor long term consequences of COVID-19 infection.
Afinal knowledge gap discussed is the impact of the isolation and lack of social services
brought about by quarantine/lockdowns on people living with dementia and their care-
givers. Research into these areas may lead to interventions that reduce the overall risk

of cognitive decline for COVID-19 survivors.
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1 | INTRODUCTION

The global pandemic of COVID-19 caused by the SARS CoV-2 virus
has disrupted virtually every aspect of human life. The authors here
are part of the ISTAART Professional Interest Area (PIA) Immunity
and Neurodegeneration. The PIA is producing a series of review-like
articles with the purpose of highlighting perceived gaps in knowl-
edge regarding the goal of the ROADMAP established as part of the
Alzheimer’s Disease Plan to develop disease-modifying treatments for
dementia by 2025. This specific manuscript will focus on knowledge
gaps regarding the impact of COVID-19 on the risk of development
and progression of dementia. This review is not intended to provide a
comprehensive summary of our current knowledge regarding COVID-
19 effects on the brain, and the reader desiring such a summary is
referred herel. Instead, this review will illustrate select items that are
not yet known regarding COVID-19 and dementia, and the research
needed to provide potential treatments for mitigating the influence of
CQOVID-19 on Alzheimer's disease (AD) and other dementias. The opin-
ions expressed in the manuscript are solely those of the authors and do
not represent the opinions of the Alzheimer’s Association or ISTAART.

Indeed, anecdotal and literature reports are emerging of cogni-
tive and psychological symptoms after COVID-19. Four months after
COVID-19 hospitalization, 30-40% of patients report problems with
memory, attention and sleep, while 10-15% of patients report loss of
taste and/or smell?. Increasing media attention is devoted to “COVID-
19 fog,” a nonspecific mental syndrome after COVID-19 infection
which can include fatigue, inattention, poor concentration, memory
complaints, lack of motivation and difficulty working long hours.
Younger people are also at risk for COVID-19 related cognitive symp-
toms, even in the absence of serious disease. Although recent reviews
have described the constellation of cognitive symptoms associated
with COVID-1913-5, and what is known about their molecular under-
pinnings, a central question that remains is whether the neurologi-
cal symptoms observed in people with COVID-19 can be long-lasting
(>6 mo) or even progressive, possibly increasing risk of cognitive
impairment or dementia. A related question is, in people living with
dementia, does infection with COVID-19 accelerate or aggravate the
course of the existing disease? One mechanism by which SARS CoV-2
could impact cognitive function is by direct infection of the brain. The
olfactory tract showed the highest concentration of ACE2 enzymes,
the cell surface receptor for SARS CoV-2°. Further the brains of AD
patients have elevated levels of ACE27.

A central question that remains is whether the neurological symp-
toms observed in people with COVID-19 are due to (i) overstimulation
of a systemic inflammatory response/cytokine storm, (ii) encephalitis
as a result of brain invasion of SARS-CoV-2, or both, (iii) perfusion
deficits through vasculitis or vasculopathy, (iv) the induction of autoim-
mune reactions, or (v) peripheral organ dysfunction (Figure 1). The
investigation of disease mechanisms is critical to apply the appropri-
ate treatments in patients with acute or chronic brain alterations, and
could be crucial to treat COVID-19 properly to prevent subsequent
cognitive decline (Figure 1).
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the published
literature on neurological consequences of COVID-19
infection and the mechanisms by which infections might
challenge the CNS. Specific attention is paid to the pos-
sibility of increased risk for subsequent cognitive impair-
ment.

2. Interpretation: We believe there are several gaps in
knowledge regarding the symptoms and genetic polymor-
phisms associated with increased risk of cognitive impair-
ment, the need for model systems to understand mech-
anisms and the need for longitudinal clinical cohorts to
confirm risk factors to close these gaps.

3. Future directions: Identifying features of COVID-19
infection increasing risk of cognitive impairment and
developing experimental models in which to test inter-
ventions may help reduce risk for dementia in those
recovering from COVID-19

Infectious disease is a strong risk factor for the development of cog-
nitive deficits. Experience from cohort observations suggest that sys-
temicinflammation, as frequently experienced during COVID-19 infec-
tion, is associated with subsequent cognitive decline® and also results
in persisting EEG changes and hippocampal atrophy?. Many systemic
infections and associated inflammation can result in acute, rapidly
changing episodes of delirium. Symptoms include confusion, agita-
tion, disorientation, memory complaints, impairments in conscious-
ness and hallucinations. Approximately 30% of seniors over the age of
65 admitted to emergency care due to SARS-CoV-2 infection experi-
ence delirium1. Delirium is the sixth most common COVID-19 symp-
tom experienced, and is so common that it should be included among
diagnostic criteria. The presence of delirium increases requirements
for ICU placement and death as an outcome. Importantly, approxi-
mately one-third of these patients do not express typical respiratory
symptoms. Delirium is also a harbinger of long-term cognitive conse-
quences, such as increased risk for developing AD*'-13, Delirium can
induce more rapid decline in patients with preexisting dementia. Thus,
COVID-19 can have adverse effects on cognition secondary to the
extreme inflammatory events associated with infections, especially in
older patients.

Another significant finding from people dying from COVID-19 is
the increased degree of thrombosis. This primarily impacts lung tissue,
but can include other organs such as liver, heart and the brain, where
the thromboembolism can cause a stroke'“. Clearly this can add to
other dementia-inducing pathologies to both accelerate the course of
cognitive impairment in those already diagnosed and increase subse-
quent risk.

Thus, it is critical to ascertain whether infection with SARS-CoV2

increases the risk of subsequent, long-term cognitive decline and/or
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Modes of SARS CoV-2 impact on the central nervous system. There are multiple means by which COVID-19 may lead to neural

dysfunction. There can be direct brain invasion by SARS-CoV2 during systemic infection. Vascular inflammation and pathological changes of the
cerebral vessel endothelium represents a second route by which Covid-19 can affect brain function, together with a systemic coagulopathy this
pathological mechanism may account for ischemic strokes. A major concern is the extreme systemic inflammatory reaction which can feedback
onto the brain and provoke neural damage through the excess generation of inflammatory mediators including complement factors, prostanoids,
cytokines and chemokines. A further mechanism is the generation of self-recognizing antibodies causing autoimmune disease including but not
limited to Guillain-Barré syndrome as a consequence of immune recognition of the virus. Finally, the transient or persistent loss of normal function
of peripheral vital organs may have lasting impact on the brain. Further possible consequences of therapy such as unwanted side-effects of

antiviral medication or vaccination may have to be considered in future.

accelerates the onset or progression of AD and AD-related dementias.
We must develop an understanding of short- and long-term cognitive
sequelae that contribute to decreased quality of life and cost to soci-
ety, especially in diverse populations. If even a fraction of COVID-19
infected individuals experience increased risk, there would be a great
increase in cognitive decline and/or AD in the future. In this roadmap,
we discuss research knowledge gaps and highlight strategies to help
mitigate the effects of COVID-19 on the brain, particularly in at-risk
populations.

These long-term cognitive consequences may be especially
widespread or severe for historically underserved racial and ethnic
groups. In Northern California, for example, positivity rates are twice
as high in African-Americans and four times higher in Hispanic adults
versus Whites'®. African-Americans communities also have dispro-
portionately higher death rates due to COVID-19%17. More positive
and severe cases may, in turn, lead to greater risk for AD, despite
Hispanic and African-American seniors already being 1.5 and 2 times
as likely to develop Alzheimer’s disease or other dementias'®. It is
therefore essential to investigate, understand, and treat brain health
and cognitive function in this highly at-risk crossover population, to
avoid a considerable increase in future patient numbers of AD, which

already requires 1in 5 Medicare dollars'?.

2 | UNDERSTANDING THE MAGNITUDE AND
PROGRESSION OF COGNITIVE SYMPTOMS AFTER
SARS-CoV-2 INFECTION

Based upon clinical presentation, studies should be undertaken to iden-
tify individuals who are at increased risk of current or subsequent cog-
nitive decline after SARS-CoV-2 infection. It will be necessary to deter-
mine novel syndromes resulting from SARS-CoV-2 infection that pre-
dict the risk of subsequent cognitive decline. This will codify, to the
extent feasible, those variables in medical records that are most impor-
tant to collect for the purposes of predicting later cognitive function. To
identify those most at risk, three categories of factors should be moni-
tored as detailed below, with clarification of the existing gaps in knowl-
edge to guide future research studies. All three factors will stratify by

race, sex and age.

1. Symptoms directly resulting from COVID-19 infection, including
disease severity. The constellation of symptoms should include
whether patients experience specific symptoms in respiratory,
thrombolytic, skeletomuscular, febrile, gastrointestinal and/or neu-
rological systems. In addition, indicators of disease severity such

as hospitalization, oxygenation and mechanical ventilation and



GORDON ET AL.

Alzheimer’s &Dementia® | 1om

blood immune parameters should be collected from hospital-
ized and perhaps more importantly, nonhospitalized cases, as
data are emerging that mild cases may still develop cognitive
impairment.

2. Patient medical history of preexisting conditions. While there are
a range of potential impacts from COVID-19 alone, patients with
comorbidities stemming from obesity, hypertension, diabetes, cere-
brovascular disease (CVD) or pulmonary dysfunction are more
likely to develop severe symptoms. Some of these comorbidi-
ties already predispose to cognitive decline. The combination
of comorbidities predisposing to neurological risk, together with
SARS-CoV-2 infection, is expected to worsen the risk of cognitive
decline.

3. Patient treatment. Remdesivir, dexamethasone, benzodiazepines,
convalescent plasma, monoclonal antibodies, and other new,
emerging or experimental therapeutics should be monitored to
allow future determination of the contribution to cognitive decline.
Longitudinal follow-up will allow determination of whether any
treatment done at the time of infection or after, such as vaccine

treatments, can ameliorate or worsen long-term effects.

3 | BIOFLUID, IMAGING, OR GENETIC MARKERS
TO PREDICT SUBSEQUENT COGNITIVE DECLINE
AFTER SARS-CoV-2 INFECTION

Biomarkers are needed to: 1) distinguish neurological symptoms in
patients with mild or asymptomatic infection; 2) determine if levels of
inflammatory and brain injury markers also predict the risk of cogni-
tive decline; 3) provide molecular insights into COVID-19 pathogen-
esis and progression, and 4) to monitor treatment effects. However,
there are substantial barriers to this approach that must be overcome.
Most of the current studies with these biomarkers have been carried
out in small populations, which can provide a biased representation.
Larger sample sizes focusing on the neurological and neuropsychiatric
alterations of patients are needed to overcome this barrier. This need
is compounded by patients with remarkably diverse disease symptoms
that reflect severe, mild, or asymptomatic infection®. Likewise, it will be
important to test sub-populations of individuals with different comor-
bidities such as metabolic syndrome, cardiovascular, immunosuppres-
sive and chronic respiratory diseases, and substance use disorders?°
as well as the contribution of aging to the risk of neurological damage.
Finally, while blood or salivais easier to sample in the clinical COVID-19
setting, CSF collection will be important to better understand whether
the impact on the CNS is through direct infection or via secondary
effects.

Despite these challenges, there are several AD biofluid markers
that are promising. Biomarkers of CNS injury in plasma and CSF have
been reported to be elevated in hospitalized patients with mild to
severe COVID-19, including neurofilament light chain protein (NfL),
released because of neuronal damage; glial fibrillary acidic protein
(GFAP), S100b, astrocytic markers for injury; and total tau, a general
marker of neurodegeneration?:22, Increased levels of NfL in the CSF of
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patients with central neurological symptoms have been correlated with
the level of consciousness and disease severity?2. Circulating levels
of inflammatory biomarkers are increased in most COVID-19 patients
and could also contribute to the characterization of disease progres-
sion. Some of these markers are cytokines including interleukin (IL)-
6 and tumor necrosis factor (TNF), and other molecules such as C-
reactive protein and complement system proteins C5, C6, and C823-2¢,
some of which have been reported to predict cognitive decline post
sepsis?’.

More broadly, COVID-19 and AD may share broad neuropatho-
logical signatures that offer other routes of discovery for biomark-
ers. SARS-CoV-2 infection is associated with an exaggerated systemic
inflammatory response that can cause blood-brain barrier (BBB) break-
down. In turn, this can exacerbate brain damage by allowing entry of
viral particles, peripheral immune cells, and other molecules into the
CNS28. Therefore, measuring BBB permeability biomarkers might also
be useful, such as CSF/plasma albumin ratio??, PDGFRB%C and perhaps
tight junction markers impacted by AD pathology, such as claudin-5 and
occludin®?. Further, it is necessary to identify whether the BBB disrup-
tion is a transient or long-term complication, as observed in neurode-
generative diseases. Such disruption may also affect nutrient trans-
port or uptake based on related genotypes. For example, deleterious
mutations in water channel genes like aguaporin-4 can impact nutrient
transport across the BBB32 and cognitive decline®S.

Dysregulated glucose metabolism may also be a common culprit for
inducing cognitive disruption in COVID-19 and AD. Obesity causes sys-
temic inflammation and metabolic dysfunction. In turn, excess glucose
andinsulin are related to COVID-19 severity risk, and insulin treatment
worsens outcomes®*. Similarly, acute or lingering COVID-19 effects
may exacerbate the relationships of these obesity factors on cognitive
decline®, brain atrophy?¢, and reduced brain glucose use in parietal
and frontal areas that subserve memory and higher-order cognition®’.
This last point is key, as less glucose use in these areas is one of the ear-
liest signs of AD. SARS-CoV-2 infection may directly cause the immune
cells of the brain to further alter this metabolism. It may therefore be
important to use PET imaging to track brain glucose use, beta-amyloid
deposition, tau accumulation, immune activation, or even MRI-based
blood flow as a reasonable proxy, to establish the neural correlates of
COVID-19 cognitive dysfunction.

Besides the analysis of fluid biomarkers, such neuroimaging mea-
surements are fundamental to understand mechanisms that could lead
to cognitive decline. Current COVID-19 imaging data is limited to small
case series, so larger clinical cohorts are needed to confirm related
brain parenchymal signal alterations. When available, brain MRI has
been widely used across institutions to evaluate patients with neu-
rological manifestations3®-49. PET imaging could separately provide
several insights. First, in vivo imaging for markers of neuroinflamma-
tion via PET ligands (TSPO, COX-2) may inform clinical evaluation of
COVID-19 and preclinical risk of cognitive decline. PET imaging can
also track metabolic and neurotransmission signaling system changes
that accompany neurological damage and cognitive decline. Finally,
PET has determined pathophysiological mechanisms underlying neu-

rodegenerative disease and cognitive decline (e.g., amyloid beta, tau)
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that may also be relevant for COVID-19*1. However, acquiring imaging
data of COVID-19 patients might be challenging depending upon the
setting. The spread of SARS-CoV-2 in some centers could be enhanced
due to the entry of infected patients into imaging facilities. In addition,
the protocol to perform brain imaging in unstable patients under inten-
sive care may not be possible in all cases. One strategy could be to take
neuroimaging measures after total recovery from COVID-19 and cor-
relate it with cognitive tests and fluid biomarkers in a follow-up. Con-
sequently, historical averaged data of patients would be available for
comparative purposes. The obtained imaging data could help to deter-
mine whether the CNS impact is transient or long-lasting, and detail the
cells and brain regions affected.

Several studies have identified genetic risk factors associated with
severity and/or susceptibility to infection with COVID-19, which may
be important contributors to cognitive dysfunction. For example, it is
well known that blood type O is slightly protective and type A car-
ries slightly greater risk*2. A variant region carrying approximately 6
genes on Ch3 triples the risk of severe disease as indicated by ventila-
tor or supplemental O, use*. Interestingly, this variant is derived from
Neanderthal and shows ethnic variation in distribution, with high fre-
quency of expression in south Asian (50%), middle frequency in Euro-
pean (16%) and low frequency in African (0%) ancestry**. Candidate
genes in this region are related to inflammatory processes (chemokine
receptors CXCR6, CCR2, CCR3) and amino acid transporters, includ-
ing one that interacts with ACE2, the receptor that mediates cellular
entry of SARS-CoV viruses (see below). Other linkages to innate antivi-
ral defense (interferon receptor IFNAR2, OAS) gene variants and genes
involved in lung inflammation, injury, and cancer (DPP9, TYK2, FOXP4)
have been described. Finally, linkage with APOE4 has been reported,
which doubled risk of developing severe disease*>. APOE4 is also a
major risk factor for AD. Future genome wide association studies uti-
lizing consortia of samples with cognitive symptoms after COVID-19
infection will be required to validate and identify new risk alleles. Once
variants associated with defined constellations of cognitive symptoms
have been elucidated, then genetic analysis of specific SNPs could be
incorporated as a biomarker in future studies. Twin studies could be
informative as well, because anecdotal reports of twins or family mem-
bers with highly discordant disease trajectories abound.

Postmortem tissues and curated COVID-19 brain banks will also
answer important questions related to the neurologic features of
COVID-19 on the brain. Such approaches have already highlighted
microvascular pathology in patients using high-resolution magnetic
resonance imaging combined with standard histopathological exami-
nation. In addition, this tissue would provide opportunities for detailed
sequencing experiments on CNS cells akin to other experiments per-
formed on blood and lung tissues (during COVID infection) as well as
existing transcriptional dataset of aging, AD, and other ADRDs.

Lastly, it is critical to establish and maintain robust, longitudinal
studies, which are needed to correlate cognitive impairment and the
neurodegenerative process with biomarker measurements. Such eval-
uations, though difficult to perform in severe patients, can include
neuropsychiatric evaluation, imaging measurements, and fluid collec-

tion. The development of biobanks of blood and CSF samples from

patients collected from various time points throughout the disease will
be extremely important to expand basic and clinical research. How-
ever, the mechanisms of infection and neurological damage might not
be the same for all patients. The characterization of risk of developing
cognitive decline due to COVID-19 through blood and CSF biomarkers
and genetic variants associated with COVID-19, in larger, longitudinal
cohorts could be key in solving this issue.

4 | MODELS FOR INFECTION IN WHICH
MECHANISMS AND EXPERIMENTAL
INTERVENTIONS MIGHT BE INTERROGATED

To enable controlled mechanistic studies and therapeutic interven-
tions, model systems are essential. Research with animal models
should be strategically designed and critically evaluated. As is likely
in humans, it has been demonstrated that susceptibility to SARS-
CoV-2 infection in animals is a function of several factors, including
angiotensin-converting enzyme (ACE) composition, immune response
and other factors*®. One mode of cellular entry for SARS-CoV viruses
is via binding to cell surface ACE2*’. Neuronal infection is achieved
in mice humanized at the ACE2 gene®®. To determine mechanisms
by which SARS-CoV-2 affects cognition, one approach might be to
characterize the influence of COVID-19 upon cognitive function
in mice that have been humanized at the ACE2 gene. This would
include deep phenotyping for immunohistochemistry, biochemistry
(quantifying inflammation and neuronal damage), gene expression and
cognitive behaviors. In parallel, to specifically address the influence
of SARS-CoV2 infection on development of AD-like pathology and
cognitive deficits, humanized ACE2 mice should be crossed to AD
mouse models, and the onset and progression of brain pathology and
cognitive function explored longitudinally. This could include existing
models of familial AD/amyloidosis such as APP/PS1, Tg2576 or APP
knock-in mice or models with tauopathy.

In addition, newer models of late onset amyloid are being developed
by the NIA-funded MODEL-AD and others*?. In the near future, they
should be available to test the consequences of viral dose-responsive
pathologies and peripheral vs. central dominant SARS-CoV2 infection
on development of AD-like pathology and AD-related dementias.
Moreover, the use of animal models mimicking human comorbidities
could also help to understand the contribution of other diseases
in COVID-19 progression associated with neuropsychiatric conse-
quences. Considering the evidence of SARS-CoV-2 infection in the
brainstem, which controls respiratory and cardiovascular function®©,
COVID-19 may worsen cardiac and respiratory function in patients
with severe symptoms. Therefore, it is appropriate to complement
ongoing research and investigate these mechanisms in a CNS-
mediated manner. Once the candidate drivers of neuroinflammation
or neuropathology are identified, these rodent models may be com-
plemented by models coupling or mimicking human comorbidities,
and/or use of organoids, human iPSC derived brain cells, primary-
tissue-derived human cells or human-on-a-chip models. These models

may not require infection to determine mechanisms by which either
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viral infection or the inflammatory response impacts cognition. These
controlled systems should be able to test downstream molecular
consequences and experimental therapeutics to ameliorate cognitive
decline.

5 | THE NEED FOR LONGITUDINAL STUDIES,
AND DESIGN CONSIDERATIONS

5.1 | Studies using existing longitudinal cohorts
One question regarding the long-term consequences of COVID-19 ill-
ness is what effects the virus might have on cognitive function, both
immediately and delayed over time. A cost-effective opportunity is to
begin tracking COVID-19 indices over the many ongoing longitudi-
nal studies of older adults. These include stand-alone studies, clinical
cohorts of ADRCs, and large registries in Europe, among other sources.
It is likely that some participants in these longitudinal cohorts have
or will contract COVID-19 at some point. The populations enrolled in
these studies are unfortunately the ones which have the greatest risk
of severe illness and death. Those who have confirmed diagnosis of
the disease and survive may supply a wealth of information regard-
ing the impact of the illness upon cognitive function. For example,
the UK Biobank study in England has a large number of participants
with extensive medical histories. Many have data comprising brain and
enteric MR imaging, biofluid (but not CSF), and cognitive function.
The study is presently following 20,000 adults who have contracted
COVID-19. Many European countries have similar longitudinal studies,
including Germany and Sweden, with extensive banked CSF samples.
In the USA, there are the NIA ADRC cohorts which are followed longi-
tudinally, have a core set of cognitive function evaluations and in many
cases brainimaging, in addition to a series of ongoing observational and
interventional cohorts including large numbers of older adults.

Most older adults enrolled in these longitudinal cohorts have rel-
atively in-depth cognitive evaluations that are repeated at set inter-
vals. Within these cohorts, COVID-19 patients and survivors could be
identified. This design offers the opportunity to examine the rates of
cognitive decline among these groups, as opposed to cross-sectional
measurement of mean cognition scores for those with exposure com-
pared to those without exposure outside of longitudinal studies. One
approach to consider is to establish case controls for the index par-
ticipants. Within the same study cohort, an individual confirmed to
have been exposed to COVID-19 would be matched for age, sex, APOE
status, cognitive performance and possibly other variables to another
study participant who has not been exposed to COVID-19. There may
be an opportunity to confirm non-exposure with antibody testing for
a short time, although widespread vaccination of these populations
will soon render antibody titers uninformative regarding prior infec-
tion. Thus, it is likely that reliance on absence of symptoms and pos-
sibly a negative PCR test will need to suffice in determination of non-
exposure to COVID-19. The case-control approach does not preclude
other types of comparisons within these cohorts, but may offer the

most statistical power in determining: a) if COVID-19 exposure accel-
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erates cognitive decline; and b) what factors might moderate this influ-
ence of COVID-19 exposure.

It will be important to establish consortia to fully investigate how
COVID-19, cognitive decline, and neurodegenerative diseases are
linked. In the US, each ADRC or other longitudinal study is unlikely to
have a sufficient number of positive cases for robust statistical com-
parisons. ADRC cohorts typically include 500 cases or less. Assuming
a minimum of 9% overall infection rate (e.g. 29 million Americans
infected to date out of 330 million), this would result in 45 index
cases in a given location. This is unlikely to provide sufficient power
to detect moderate effect sizes regarding cognitive decline. However,
collectively, thirty ADRCs could identify 1350 index cases and a similar
number of case controls, which may provide the power necessary to
identify biofluid, imaging, or other factors that associate with the rate
of decline. This will require adoption of well described, harmonized
protocols across sites. Indeed, one important feature of the ADRC
longitudinal cohorts is that they use a common set of cognitive func-
tion tests (NACC). Thus, with minimal additional effort, there could
be ADRC consortia that would agree to a set of study protocols to
work together on this question. In addition to establishing index cases
in current and future enrolled ADRCs, UK Biobank, and broad-based
European cohorts such as FINGER and POINTER, researchers could
incorporate, curate, and harmonize data to understand and perhaps
mitigate the effects of COVID-19 on the brain.

Operationally, this would require adding questions to interviews
regarding COVID-19 exposure to the study protocols. Those confirm-
ing exposure would then be asked to provide access to medical records
and symptoms assessment. Important factors to include would be
symptomology, severity, comorbid conditions, treatments and linger-
ing immunologic or behavioral effects. Over the subsequent years, the
rates of change in cognitive function can be monitored for both the
index cases and the matched control cases. Excess decline in the index
cases would support the concept that COVID-19 has enduring influ-
ences and that reduced cognitive function is among these. If these
effects are accumulated over years, it may portend a surge in cases of
dementia years after the pandemic has largely concluded. Identifying
those symptoms or treatment decisions (signaling severity of the dis-
ease) which are linked to the greatest rates of decline in the index cases
can thenidentify those older adults not part of longitudinal studies who
are most at risk for cognitive decline and more aggressive detection

and treatment protocols.

5.2 | New prospective studies

Initiating longitudinal studies of community based COVID-19 related
cognitive decline is imperative. First, this should involve patients who
have or had an extended duration of COVID-19 symptoms, including
young adults. For example, 25% of 25-34 year old adults positive for
COVID-19 still showed symptoms at 5 weeks after testing positive®.
Further, COVID-19 may involve considerably longer-term impact, as
demonstrated by a study in China which showed that 76% of patients

retained at least one symptom after 6 months°2. If these patients
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experience sustained inflammation or inflammation-induced sec-
ondary pathogenetic mechanisms the brain may suffer from long-term
damage and the risk for amnestic and cognitive dysfunction may
increase. Follow up targeted therapies would therefore be recom-
mended.

Consequently, a registry of the greater population (non ADRC/not
already in other longitudinal studies) should be created, including those
identified as infected, who report loss of cognitive function as an imme-
diate follow up of the infection, and those as yet unknown to suffer cog-
nitive decline. Basic demographics such as age, sex and race/ethnicity
would be collected in addition to the three factors described above.
Banked biofluid samples and biomarker data at admission to hospital or
at time of diagnosis could be incorporated. Emerging biomarkers and
novel insights from model systems should be incorporated into stud-
ies in an iterative process. This would allow retrospective analysis of
whether COVID-19 infection/illness or related treatments including
vaccination affects the rate of onset or progression of cognitive decline
over time, as well as prospective studies to identify individuals with
COVID-19 who are at increased risk of current or subsequent cogni-
tive decline based upon clinical presentation. Biobanking of fluid and
tissue samples would allow future examination of additional or novel
emerging causative influence.

The Long-COVID patient population (‘COVID long-haulers’) must
also be closely monitored specifically for cognitive decline. Repeated
monitoring/measuring of early biomarkers of decline will enable pre-
vention of years of costly treatment. Research is needed to define
in detail the impact of these long-term symptoms on the brain in
this at-risk patient population. Large scale studies of invasive and
non-invasive measures of brain health must be carried out as soon
as possible to be able to document any COVID-relevant changes,
and to enable patients to recall pre-COVID experiences/health more
accurately.

5.3 | Sociological factors of pandemic life
Another potential role of longitudinal cohorts may be to identify social
factors influencing risk. Irrespective of exposure, the pandemic has
considerable impact on the psychological well-being of many older
adults (as well as young people). We expect there will be long term con-
sequences of the social circumstances associated with isolation, lock-
downs, loneliness and stress on cognitive function. All of these are
known risk factors for subsequent cognitive decline. Thus, other add-
on studies may interview longitudinal study participants to query their
social experiences during the pandemic, including lifestyle changes,
social support and interactions, anxiety levels and fear of infection.
Results could be tabulated into a severity of social stress scale to be
used in comparison with the rate of cognitive decline, collected as part
of the ongoing or new longitudinal studies.

Given the vast numbers of Americans who will be vaccinated over
the next few months, ranging in age, race, and socioeconomic status,
there is a unique opportunity to reach many people who may not oth-

erwise have contact with healthcare providers.

First, this could either be used to collect information on a popula-
tiontofollow inthe future in the types of longitudinal studies described
above. The COVID-19 vaccinated population could form a large study
population of general vaccination outcome if a control group could
be found. Alternatively, these study populations could provide health-
care information on lifestyle changes or other latent parameters asso-
ciated with reduced incidence of future cognitive decline. Recent work
demonstrates that up to 40% of dementias could be prevented through
modifiable risk factors, including lifestyle changes®?. Information on
awareness of the potential impact of COVID infection on brain health
would be helpful in mitigating a future onslaught of patients with cogni-
tive decline. Patients aware of the potential for future cognitive decline
might be more likely to note symptoms when they appear, and con-
tact healthcare providers. There have been some very successful previ-
ous educational campaigns on stroke awareness (FAST symptoms) and
breast cancer self-monitoring. An educational campaign to inform the
public about cognitive decline after COVID and how symptoms which
those outside research may not link to the brain (e.g. loss of smell)
can be relevant. Components of an educational program should include
education on brain health, awareness of symptoms and societal prepa-
ration for significant uptick in future patients with cognitive decline,

potentially from a younger age.

6 | CONCLUSIONS

We suggest animmediate implementation of strategies that will enable
us to foresee a virus-induced “new wave” of dementia. This will allow
both for planning for new cases and for development of novel effec-
tive therapeutics applied either at the initial onset of infection or later
to prevent the development of neurological damage and subsequent
loss of cognitive ability. The proposed organization of primary research
could additionally be a relevant guide for future pandemics involving
neurological effects from infection, laying out a framework for rapid
response. We do not claim that these four areas are exhaustive of the
knowledge needed to prepare for the cognitive consequences of the
current and future pandemics. However, we wish to highlight these pri-

orities, and the need to move quickly before data and samples are lost.
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