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Does SARS-CoV-2 infection cause chronic neurological
complications?
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Abstract The current pandemic caused by severe
acute respiratory syndrome coronavirus (SARS-
CoV)-2 has created an unparalleled health crisis.
Besides the acute respiratory infection, CoVs are
neuroinvasive causing additional inflammation and
neurodegeneration. This is likely also true of SARS-
CoV-2 given reports of neurological manifestations
in coronavirus disease 2019 (COVID-19) positive
patients. Older adults > 65 years of age constitute a
high-risk group prone to severe infection and death.
Despite the higher mortality rate, a majority of cases
are expected to recover and survive from this viral
outbreak. But, the long-term consequences of
SARS-CoV-2 neuroinfection are unknown. We dis-
cuss these potential chronic changes to the central
nervous system (CNS) in relation to accelerated
brain aging and age-related neurodegenerative
disorders.
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Abbreviations
ACE2 Angiotensin converting enzyme 2
BBB Blood-brain barrier
BDNF Brain-derived neurotropic factor
CNS Central nervous system
COVID-19 Coronavirus disease 2019
OPCs Oligodendrocyte progenitor cells
SASP Senescence-associated secretory

phenotype
SARS-CoV Severe acute respiratory syndrome

coronavirus

Severe acute respiratory syndrome coronavirus SARS-
CoV-2 belongs to the β-CoV family and shares a highly
homologous sequence with SARS-CoV. Host cell in-
fection is mediated by binding of the spike glycoprotein
to the angiotensin-converting enzyme 2 (ACE2) that is
distributed throughout the body including respiratory
tract epithelia, lung parenchyma, cardiomyocytes, vas-
cular endothelia, gastrointestinal tract, and the central
nervous system (CNS). The majority of cases involve
fever, dry cough, and lethargy; however, older adults are
more susceptible to severe infection involving pneumo-
nia, dyspnea, and acute respiratory distress syndrome
resulting in a higher mortality rate. A natural decline in
ACE2 expression and the subsequent pro-inflammatory
profile with aging, “inflamm-aging”, may explain the
increased severity and comorbid diabetic and hyperten-
sive complications observed in older adults (Peña Silva
et al. 2012; AlGhatrif et al. 2020). While a majority of
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cases are expected to recover and survive from this viral
outbreak, the long-term sequelae on aging and neurode-
generative disorders are currently unknown. We discuss
potential long-term implications of SARS-CoV-2 infec-
tion in relation to accelerated brain aging, neurovascular
coupling, and age-related neurodegenerative disorders.

CoVs are neurotrophic and neuroinvasive pathogens
(Desforges et al. 2014), and initial reports indicate neu-
rological manifestations are correlated with the severity
of SARS-CoV-2 infection, which include loss of con-
sciousness, smell, taste, vision, nerve pain, ataxia, and
seizures (Mao et al. 2020). Neurotropic pathogens ac-
cess the CNS through multiple routes including retro-
grade axonal transport along olfactory and enteric neu-
rons or infection of blood lymphocytes passing through
a disrupted blood-brain barrier (BBB). A gradual dete-
rioration of the BBB is observed in normal aging
(Montagne et al. 2015) that may indicate increased
neurotrophic potential in older adults. Once present in
the CNS, CoVs can cause demyelination, neurodegen-
eration, and cellular senescence, all of which accelerate
brain aging and potentially exacerbate underlying neu-
rodegenerative pathology.

Neurocardiac Axis

Numerous cortical and subcortical structures are in-
volved in a complex communication between the car-
diovascular and nervous system to maintain healthy
cardiac contraction controlled by both sympathetic and
parasympathetic outflow. Brain-derived neurotropic
factor (BDNF) represents additional mechanisms
linking this neurocardiac axis. Besides its role in
neurogenesis, axonal sprouting, and memory consolida-
tion, BDNF is also responsible for vasculogenesis and
survival of both cardiomyocytes and endothelial cells.
Decreased BDNF, in conjunction with a subsequent rise
in oxidative stress, has been observed in normal aging
and is thought to precipitate the onset of dementia (Diniz
et al. 2014), as well as progression of cardiovascular
disease. SARS-CoV-2 can infect cardiomyocytes ex-
pressing ACE2 receptors causing elevated reactive ox-
ygen species resulting in cellular damage. The decreased
BDNF expression in aged individuals perturbs repair
mechanisms making aged populations more susceptible
to acute cardiac injury. The subsequent hypoperfusion
limits the supply of energy substrates to the CNS poten-
tially decreasing BDNF production. This feed-forward

mechanism makes the CNS more susceptible to the
cellular damage instigated by the acute rise in pro-
inflammatory cytokines and reactive oxygen species.
The decreased BDNF expression levels coupled with
cellular damage may initiate or exacerbate cognitive
decline.

Neurovascular coupling

Neurons, astrocytes, vascular smooth muscle cells,
pericytes, and endothelial cells work in concert to form
the BBB that regulates regional cerebral blood flow in
response to altered neuronal activity. Transcytosis al-
lows essential macromolecules into the CNS tomaintain
neurovascular coupling, hemodynamic responses to
support energy demands during neuronal activity. This
membrane also maintains the CNS extracellular fluid
while preventing neurotoxic compounds and microbial
agents from entering the CNS through the blood stream.
Aging is associated with a decline in cerebral blood flow
and neurovascular coupling in limbic and associate cor-
tices, which has become a hallmark sign of vascular
cognitive impairment in older adults (Lipecz et al.
2019). SARS-CoV-2 can infect endothelial cells ex-
pressing ACE2 potentially leading to further deteriora-
tion of this integral architecture. The resulting hypoper-
fusion would restrict energy substrates essential for
maintaining neuronal networks thereby accelerating
cognitive decline in the elderly. Furthermore, disrup-
tions of the neurovascular unit pose a potential viral
entry pathway into the CNS causing localized inflam-
matory and immune responses that initiate neurodegen-
erative processes.

Demyelination

The mRNA of several different strains of human CoV
have been observed in postmortem brain tissue of mul-
tiple sclerosis (MS) patients (Desforges et al. 2014).
Experimentally, murine CoV has shown chronic viral
persistence in oligodendrocytes leading to immune-
mediated demyelination (Hosking and Lane 2010). Di-
minished myelin renewal occurs during normal aging in
mammals that may be increased upon SARS-CoV-2
infection but delayed until recovery of acute infection.
Initially, delayed neurological sequelae resembling MS
(ataxia and peripheral neuropathy) may be observed
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post-infection, while damage to limbic and cortical re-
gions could cause retrograde and anterograde amnesia.
The duration of these symptoms post-infection is depen-
dent upon oligodendrocyte progenitor cells (OPCs) dif-
ferentiation and subsequent remyelination of affected
nerve tissue. Since ACE2 is found on OPCs (Chen
et al. 2020), SARS-CoV-2 infection may adversely
affect oligodendrocyte differentiation causing these de-
myelinating conditions to become chronic or even slow-
ly deteriorate over time.

Neurodegeneration

Although physiological brain aging is characterized by
neuroinflammation, synaptic pruning, and neuronal loss
that underlies an age-dependent decline in sensory, cog-
nitive, and motor performance, SARS-CoV-2 infection
may accelerate this process. As a result of ACE2 down-
regulation, SARS-CoV-2 infection in older adults in-
duces aggressive secretion of pro-inflammatory cyto-
kines. Once present in the blood stream, these cytokines
can be actively transported across the BBB initiating a
neuroinflammatory response from astrocytes and
microglial. Pro-inflammatory cytokines increases oxida-
tive stress that damages cellular membranes and
downregulates surface expression of excitatory amino
acid transporters that are necessary for terminating glu-
tamatergic signaling. The resulting elevated glutamate
levels can lead to an excitotoxic environment precipitat-
ing the neuronal loss and initiating a vicious feed-
forward cycle that causes further damage to the sur-
rounding parenchyma. Furthermore, the presence of
ACE2 receptors on GABAergic and glutamatergic neu-
rons (Chen et al. 2020) indicates that CoVs have the
potential to enter these neurons, but the consequences of
their incorporation are largely unknown. Viral entry
may create a cytotoxic insult and initiate apoptotic
pathways or create an excitatory-inhibitory imbal-
ance, which is already postulated to play a role in
several neurodegenerative diseases including
Alzheimer’s and Parkinson’s disease. Synaptic sig-
naling may also provide a means of CoV spread
along projections through a prion-like mechanism
to CNS regions without ACE2 expression. A slow
infiltration throughout the CNS may precipitate
underlying pathologies associated with age-related
neurodegenerative disorders months or years after
acute viral infection.

Cellular senescence

Cellular senescence is characterized by a permanently
arrested cell cycle that is no longer responsive to differ-
entiation and apoptotic signaling processes. Senescent
cells naturally accumulate with age throughout the body
and have recently been implicated in age-related neuro-
degenerative disorders including Alzheimer’s disease.
Senescent cells continue to be metabolically active and
undergo senescence-associated secretory phenotype
(SASP) causing secretion of pro-inflammatory cyto-
kines and chemokines, not unlike what is observed in
SARS-CoV-2 infected patients. This may indicate
SARS-CoV-2 infection induces a senescent phenotype
particularly in the lower respiratory tract. This phenom-
enon has been observed experimentally with other vi-
ruses as a potential host response to limit viral replica-
tion while signaling an innate and adaptive immunolog-
ical response (Baz-Martínez et al. 2016).

The neuroinvasive potential of SARS-CoV-2 may
result in senescence of several different CNS cell types.
Senescent oligodendrocytes or OPCs would no longer
be able to remyelinate axons thereby increasing the
refractory period for action potential propagation. As-
trocytic endfeet are integral members of the BBB and
are important for distribution of macromolecules into
the CNS. Accordingly, senescent astroglia may compro-
mise the BBB integrity while limiting the distribution of
substrates important for maintaining the metabolic de-
mands of neuronal networks. While neurons exist in a
post-mitotic state, neural stem cells can differentiate into
neurons that integrate into the granule layer. If neural
stem cells underwent senescence after viral infection,
they would no longer be able to undergo neurogenesis in
a brain region critical to memory consolidation. Finally,
the SASP and peripheral upregulation of pro-
inflammatory cytokines could synergistically create a
feed-forward cycle causing neuroinflammation to the
surrounding parenchyma further accelerating aging
and age-related neurodegenerative processes.

Interventional strategies

Currently, development of antiviral medications to slow
or modify disease progression is rapidly progressing;
however, large-scale dissemination is years away. In
the meantime, neuro- and cardioprotective strategies
are needed that can reduce both the risk and severity
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of SARS-CoV-2 infection while also improving recov-
ery in COVID-19 patients. The heightened severity of
infection in patients with pre-existing vascular disease
suggests lifestyle modifications known to extend
lifespan and healthspan may provide therapeutic benefit.
Minimizing caloric intake either by fasting or meal
timing is known to postpone disease onset and delay
aging in almost every mammalian species. However,
implementation and adherence to this dietary regimen
is difficult. Because of this, anti-aging therapeutics may
provide additional sources of protection or improve
recovery. For example, sirtuins are a group of proteins
that regulate inflammation and mitochondrial energy
homeostasis through NAD+-dependent deacetylation.
Drugs targeting these proteins promote neurovascular
rejuvenation and cardioprotection (Kiss et al. 2020) and
may be beneficial in COVID-19 patients to speed re-
covery. Finally, a hallmark of aging is the accumulation
o f s e n e s c en t c e l l s t h r oughou t t h e body .
Senotherapeutics such as Quercetin and Fisetin have
been shown experimentally to improve health and
lifespan. These compounds may prove beneficial post-
infection to both cardiac and CNS cells thereby mitigat-
ing the effects of viral infection.

Concluding remarks

BBB deterioration in older adults leaves them more
susceptible to neuroinvasion during SARS-CoV-2 in-
fection. After the acute recovery phase, the long-term
consequences on accelerated aging and age-related neu-
rodegenerative disorders are unknown. Viral aggrava-
tion of underlying neuropathologies has the potential to
hasten the onset of or further deteriorate motor and
cognitive deficits. Prior to this pandemic, the number
of Alzheimer’s and Parkinson’s disease patients was
rapidly rising due to our aging demographic and a lack
of disease modifying therapies. When this viral out-
break is managed, our healthcare system could
face an increased volume of patients dealing with
these and their associated comorbid neurological
issues. As such, long-term neurological follow-up
in older adults may be needed after severe SARS-
CoV-2 infection.
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