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ABSTRACT

Like previous pandemics, COVID-19 has been succeeded by well-documented post-
infectious sequelae, colloquially known as “long COVID”. This syndrome, manifested
by chronic fatigue, post-exertional malaise, shortness of breath, myalgia, and
concentration difficulties, may last for many months after the acute phase of illness.
Long COVID affects all aspects of a patient’s life, including work, rest, and activities
of daily living, placing a large financial burden not only on the individual but also on
families, and the society at large.

Like other viruses, including Human Immunodeficiency Virus (HIV), Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) may thrive in viral reservoirs,
likely comprised of senescent endothelial cells, macrophages, and microglia that
shield the virus from neutralizing antibodies, maintaining a low-grade SARS-CoV-2
infection. Since senescent cells upregulate Angiotensin-Converting Enzyme 2 (ACE-
2), the SARS-CoV-2 entry portal, this protein facilitates viral ingress in host cells.

The invention described here consists of a combination of dopamine D1 receptor
antagonists or partial agonists, such as SKF 38393, and angiotensin receptor
blocker, candesartan, for long COVID. This strategy is based on the hypothesis that
the SARS-CoV-2 virus thrives in senescent endothelial cells, macrophages, and
microglia and can be reactivated under favorable circumstances. Furthermore, as
both angiotensin Il and dopamine D1 receptors have been implicated in cellular
senescence, manipulating these proteins may avert viral persistence in reservoirs
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and the residual COVID-19 symptoms.

Introduction

The SARS-CoV-2 virus exploits cellular senescence, a
program adopted by cells to defend against malignant
transformation. The main characteristics of cellular
senescence include proliferation arrest, resistance
to apoptosis, active metabolism, and generation of
a toxic secretome, known as Senescence Associated
Secretory Phenotype (SASP). SASP can induce
senescence in the surrounding healthy cells by
exocrine/paracrine route. Due to their continuous
contact with the blood, senescent Endothelial Cells
(ECs) likely release SASP directly into the systemic
circulation, promoting organismal aging. Many
viruses,including SARS-CoV-2, thrivein senescentcells
because of elevated iron and calcium (Ca*) content
that benefit viral progeny. Moreover, the mammalian
Target of Rapamycin (mTOR) activation in senescent
cells leads to repression of autophagy, preventing the

elimination of aged or virus-infected cells (a process
referred to as efferocytosis). Furthermore, senescent
macrophages and their Central Nervous System
(CNS) counterparts, microglia, disrupt host antiviral
defenses, further generating a virus-hospitable
environment.

Literature Review

The SARS-CoV-2 virus can induce cellular senescence
directly orindirectly by activating Human Endogenous
Retro Viruses (HERVs), ancient viral elements
comprising about 8% of the human genome.

Other fatiguing illnesses, including Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome (ME/
CSF), Gulf War Syndrome (GWS), and Cancer-Related
Fatigue (CRF) have been associated with premature
cellular senescence.

Atthelevel of gutbarrier, senescent ECs, and Intestinal
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Epithelial Cells (IECs) disrupt tight junctions, the
molecular Velcro that holds cells together, increasing
permeability. Enlarged intercellular spaces facilitate
microbial migration outside of the Gastro Intestinal
(GD) tract [1]. Intestinal microorganisms are tolerated
in the gut lumen but can trigger inflammation and
immunogenicity once translocated into the systemic
circulation.

Regulatory T cells (Tregs) are important for
maintaining GI tolerance to food and gut commensal
microorganisms. Tregs express both Angiotensin Il
Type 1 Receptors (AT1Rs) and Dopamine D1 Receptors
(D1Rs) which function as dimers via receptor-receptor
interaction [2] as shown in Figure 1.

SARS-CoV-2 infection upregulates Angiotensin Il
(ANG II), a mitochondrial toxin, which under normal
circumstances is promptly hydrolyzed by Angiotensin-
Converting Enzyme 2 (ACE-2). However, since ACE-2
is the SARS-CoV-2 entry portal, it is disabled by viral
attachment, leading to unopposed accumulation
of ANG II as shown in Figure 2. In addition, since
ACE-2 connects the vertical branch of the Renin-
Angiotensin System (RAS) with the protective

#

horizontal RAS branch, SARS-CoV-2-disabled ACE-2,
removes the beneficial effects of the horizontal RAS
branch. Consequently, Reactive Oxygen Species (ROS),
especially peroxynitrite, generates cardiovascular and
Central Nervous System (CNS) pathology, including
Parkinson’s disease. As D1Rs are expressed in the
midbrain and forebrain, they regulate motor behavior,
and cognition, probably accounting for the “brain fog”
experienced in long COVID [3]. Interestingly, fatigue
was associated with midbrain deactivation, suggesting
that long COVID exhaustion is likely caused by ROS
damage [4]. Indeed, peroxynitrite was implicated in
other fatiguing illnesses, such as multiple chemical
sensitivity and ME/CFS [5,6].

For the above reasons, we propose a combination
of a D1R partial agonist, SKF38393, and a Blood-
Brain Barrier (BBB)-crossing Angiotensin Receptor
Blocker (ARB), candesartan. Together, these agents
likely restore the physiological function of Tregs, clear
virus-infected cells, and avert cell-cell Fusion-Induced
Senescence (FIS). These functions deny these cells the
reservoir status, ameliorating the symptoms of long
COVID as shown in Figure 2 [7-10].
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Figure 1. Angio Tensin II Receptor Type 1 (AT1R) and dopamine D1 Receptor (D1R) are dimers that work in tandem to
activate regulatory T cells (Tregs), suppressing immunogenicity and excessive inflammation. The SARS-CoV-2 virus upreg-
ulate ANG II, overwhelming the AT1Rs which inhibits Tregs upregulating immunogenicity (possibly leading to autoimmune
inflammation). Concomitant use of ARBs and D1R antagonists or partial agonists restores Treg activity, lowering immuno-

genicity.
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Figure 2. The Renin-Angiotensin System (RAS) consists of a vertical pro-inflammatory and vasoconstrictive branch and a
horizontal, anti-inflammatory, vasodilating branch. The two branches are connected by ACE-2. When the SARS-CoV-2 virus
occupies ACE-2, it disables not only this enzyme but also the entire horizontal (protective) branch. The unopposed vertical
RAS branch promotes peroxynitrite formation, inducing midbrain damage. In contrast, the horizontal RAS branch, consisting
of angiotensin 1-7, alamandine, and their respective receptors, produces NO, a neuroprotective molecule. ARBs inhibit AT-1R,

decreasing ROS and peroxynitrite formation.

Cell-cell fusion or syncytia formation

Exogenous or endogenous viruses can drive cell-cell
fusion or syncytia formation, generating giant multinu-
cleated cells. Fusion starts with a virus-induced fusion
pore in the cell membrane that triggers Ca?* influx, ac-
tivating TMEM16F, a scramblase that promotes Phos-
phatidylserine (PS) externalization, marking the cell
ready for apoptosis or fusion. Fused cells trigger pre-
mature cellular senescence, known as Fusion-Induced
Senescence (FIS) [11]. These syncytial structures are
resistant to elimination therefore, comprising ideal vi-
ral reservoirs capable of harboring the virus for a lon-
ger time [12].

SARS-CoV-2 upregulate ANG II, disrupting efferocyto-
sis, the physiological mechanism of clearing damaged
or senescent cells [13]. This in return alters the per-
meability of gut barrier and BBB, allowing microbial
translocation outside of the GI tract. Translocated mi-
crobes and/or their components trigger further senes-
cence, as tissues defend themselves against inflamma-
tion-mediated malignant transformation.

Fatiguing illnesses, including ME/CSF, GWS, CFS, and
long COVID have been associated with premature cel-
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lular senescence and microbial translocation. Both
candesartan and SKF38393 inhibit ANG II effects, re-
storing Tregs, physiological efferocytosis, and barrier
permeability.

Selective Dopamine 1 Receptor (D1R) partial ag-
onists

Several D1R partial agonists, such as SKF38393,
may be useful in long COVID, including SKF75670,
SKF77434,SKF83959, and SKF82957 PF8294, PF6142,
PF-06649751 and others [14,15].

D1R is the most abundant dopamine receptor in both
the rodent and human brain and its dysfunction was
associated with many pathologies [16]. Several selec-
tive D1R partial agonists have been developed for the
treatment of Parkinson’s disease, stimulant use dis-
orders, and cognitive disorders [17-19]. Compared to
newer agents, SKF38393, is a prototypical D1R selec-
tive partial agonist on which a treasure trove of data
has been gathered by numerous studies. Newer D1R
partial agonists may have similar effects. However,
their action on immune and senescent cells is poorly
defined at this time.

In preclinical studies, SKF38393 was well tolerated,
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and adverse effects were not very different than those
of levodopa. A related, newer D1R partial agonist, PF-
06649751 which is under active investigation for Par-
kinson’s disease, was tested on human subjects and
is currently in Phase I clinical trials (NCT02262767),
(NCT02847650), (NCT01981694) [20].

Angiotensin Receptor Blockers (ARB)

Candesartan may be a preferred ARB in this invention
due its greater potency and selectivity compared to
other approved ARB’s as well as its ability to cross the
Blood Brain Barrier (BBB) [21]. Telmisartan similarly
crosses the BBB, while other approved ARB’s, includ-
ing olmesartan, eprosartan, irbesartan, and losartan do
not.

Candesartan is a synthetic, benzimidazole-derived
ANG II receptor antagonist, a prodrug with numerous
properties, including antihypertensive activity. Cande-
sartan selectively competes with ANG II for the bind-
ing of AT1Rs in vascular smooth muscle, blocking ANG
[I-mediated vasoconstriction. In addition, antagonism
of AT1R in the adrenal gland inhibits ANG II-stimulated
aldosterone synthesis and secretion by the adrenal cor-
tex. As a result, sodium, and water excretion increase,
followed by a reduction in plasma volume and blood
pressure.

The consequences of Virus-Induced Senescence
(VIS)

The SARS-CoV-2 virus induces premature cellular se-
nescence and thrives in senescent cells that likely be-
come viral reservoirs, accounting for the symptoms of
long COVID [22].

VIS is an infection-mediated pathology driven by two
mechanisms. They are (1) merging host cells into mul-
tinucleate syncytia that trigger a phenomenon known
as Fusion-Induced Senescence (FIS); and/or (2) up-
regulating cortisol and the High-Mobility Group Box 1
(HMGB1), molecules which disrupt efferocytosis, caus-
ing accumulation of senescent, virus-infected cells.

In the gut, senescent IECs and ECs increase permea-
bility, enabling translocation of microbes and/or their
components into the systemic circulation. This in turn
promotes further senescence, engendering a vicious
circle. For example, cellular senescence induced by
Lipo Poly Saccharide (LPS), a gram-negative microbial
molecule, has been well-documented [23,24].

In contrast, candesartan and SKF38393 (1) ameliorate
the effects of premature cellular senescence; (2) en-
hance efferocytosis; (3) decrease the permeability of
gut barrier to bacteria and/or their components.

This hypothesis is supported by the following data:

Several studies have documented that the SARS-CoV-2
virus, akin to its viral counterparts, has the capability
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to promote VIS, thereby creating a microenvironment
suitable for the replication and proliferation of viral
progeny [25,26]. This phenomenon underscores the in-
terplay between viral infection and cellular aging [27].
Understanding these mechanisms is of paramount
importance in devising effective therapeutic interven-
tions and preventive strategies aimed at mitigating the
impact of viral infections on human health [22]. For ex-
ample, FIS has clarified the link between viral infection
and cellular senescence [28,29].

Indeed, previous studies have associated translocated
intestinal microbes with ME/CFS, an entity marked by
cellular senescence and a clinical picture similar to that
of long COVID [30-32]. In addition, CRE a related syn-
drome associated with chemotherapy or radiation-in-
duced cellular senescence, exhibits symptoms indistin-
guishable from those of long COVID [33-35]. Moreover,
candesartan exerts anticancer properties by inhibiting
AT1R, a receptor implicated in tumor vascularization
and angiogenesis [36,37]. Candesartan is the most po-
tent and selective of the currently available ARBs, and
its action on ECs suggests antimetastatic potential, by
withholding outgrowth vascularization [38].

Dopamine D1R partial agonists, like SKF38393, exerts
anticancer activity and via its dimer AT-1R dysfunction
triggers fatigue [39-41]. Indeed, ME/CFS, GWS, and
long COVID have been linked to the unchecked accu-
mulation of senescent cells due to dysfunctional mac-
rophages/microglia and NKCs, the key efferocytosis
executors [42-44].

Both psychological and biological stressors are known
to increase blood cortisol and HMGB1, biomolecules
which directly impair efferocytosis [45-46]. HMGB1
and cortisol have been associated with Inflammatory
Bowel Disease (IBD), a condition marked by significant
fatigue, and dysfunctional gut barrier with microbial
translocation [47]. Previous studies have connected
the accumulation of senescent cells to inflammation
and disruption of gut barrier and BBB, allowing mi-
crobes to migrate from the GI tract into host tissues and
organs, including the brain [48,49].

NKCs and macrophage/microglia express viable dopa-
minergic and RAS systems, suggesting that candesar-
tan and SKF38393 may directly benefit efferocytosis
[50,51]. In addition, previous studies have shown that
SKF38393 augments NKC cytotoxicity, while candesar-
tan enhances microglial phagocytosis, facilitating the
elimination of senescent cells, further emphasizing a
direct potential effect on long COVID [52,53].

Viral reservoirs

Viral reservoirs are cellular phenotypes and tissue
sites in which viruses can accumulate, replicate, and
thrive after the acute phase of COVID-19. For example,
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microglia and memory CD* T cells are well-known HIV
reservoirs in which the pathogen can persist in a latent
state, averting exposure to the Highly Active Antiretro-
viral Therapy (HAART) [54]. Other known viruses that
can maintain latency in humans are Herpes Simplex
Virus (HSV), Varicella Zoster Virus (VZV), and Epstein
Barr virus (EBV). For example, VZV can thrive in senso-
ry-nerve ganglia, reservoirs from which it can be reac-
tivated later in life [55].

It is hypothesized here that the SARS-CoV-2 virus
thrives in senescent cells in a latent state. Senescent
cells are metabolically active and long-lived as they
resist apoptosis as well as other modalities of pro-
grammed cell death, including ferroptosis [56]. In ad-
dition, senescent cells upregulate iron, a biometal nec-
essary for viral replication as well as Ca** which plays
a key role in virion formation, and the translation of
viral proteins [56]. Senescent macrophages, likely used
by SARS-CoV-2 as reservoirs, upregulate fibrogenesis,
facilitating fibrosis, a key pathology promoted by this
virus [57]. Moreover, SARS-CoV?2 has been shown to di-
rectly infect microglia, the CNS macrophages, inducing
dystrophy or senescence, that may convert these cells
into neurotoxic phenotypes, explaining the neuropsy-
chiatric sequelae of long COVID, such as “brain fog”
[58].

Taken together, the SARS-CoV-2 virus promotes pre-
mature cellular, including macrophage/microglia, se-
nescence, and thrives in a latent state in these cells, in-
ducing low-grade inflammation, a likely driver of long
COVID.

Discussion

Cellular senescence and biological barriers

Cellular senescence is a physiological program that
protects cells against malignant transformation by ar-
resting replication in response to exogenous or endog-
enous insults [27]. Senescent cells are metabolically ac-
tive and release SASP which can induce senescence in
neighboring healthy cells, spreading both senescence
and viral infection. Senescent cells upregulate intracel-
lular iron and Ca%, generating an ideal milieu for in-
tracellular pathogens, including the SARS-CoV-2 virus
[59,60].

For this reason, the virus not only promotes cellular se-
nescence but may also “hide” in senescent cells, evading
the neutralizing antibodies [60]. In addition, senescent
cells exhibit shorter telomeres and overexpress ACE-2,
the SARS-CoV-2 entry portal, facilitating viral ingress,
likely explaining the higher risk of COVID-19 compli-
cations in older individuals [61-63]. This also explains
the reason senolytic agents are believed beneficial in
both acute COVID-19 and long COVID [64,65]. Although
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SKF38393 and candesartan are not considered seno-
lytic drugs, they were shown to ameliorate the effects
of ECs senescence [66].

COVID-19 and Fusion-Induced Senescence (FIS)

The COVID-19 virus can induce premature cellular
senescence in host cells by generating syncytial struc-
tures, multinucleated giant cells, resistant to apopto-
sis or efferocytosis as shown in Figure 3. For example,
multinucleated large cancer cells, generated by ion-
izing radiation, were demonstrated to retain viability
and resist elimination [67].

The SARS-CoV-2 virus can also activate HERV's that
in return trigger fusion of host cells to each other,
forming syncytia in which the pathogen can thrive
undisturbed [68-70].

HERVs are viral fossils, comprising about 8% of the
human genome, which have originated with ancient
viral infections and were incorporated into the DNA.
Some HERVs have been “domesticated” and have as-
sumed physiological functions, one of which is placen-
tation. For example, HERVs express several fusogens,
including placental syncytins, which enable the for-
mation of syncytiotrophoblast, and can be exploited
by viruses to generate FIS [71]. Exogenous viruses,
including SARS-CoV-2, have been demonstrated to
activate HERV's, probably triggering FIS, a pathology
documented in ME/CFS and long COVID [72,73].

The process of cell-cell fusion requires activation of
molecular machinery that drives cytoskeletal remod-
eling to form giant cells. This molecular apparatus
is comprised of TMEMI6E, a calcium-dependent
scramblase that flips PS from the inner leaflet of cell
membrane to the cell surface where it signals readi-
ness for apoptosis or fusion [74].

A Ca*/Cal Modulin-dependent protein Kinase II
(CaMKII) system was identified in the S protein of the
SARS-CoV-2 virus, suggesting that TMEM16F may
be activated by several mechanisms [75].

SARS-CoV-2 thrives in senescent cells

Due to dysfunctional NKCs, macrophage/microglia,
virus-infected cells, may function as viral reservoirs,
likely accounting for the protracted symptoms of long
COVID [76-78].

This is substantiated by the following findings:

Multinucleated giant cells (syncytia) were found in
SARS-CoV-2 infected individuals as well as after vac-
cination with messenger RNA (mRNA) therapeutics
[79,80].
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Viral RNA has been detected in postmortem mono-
cytes and macrophages derived from COVID-19 pa-
tients, indicate that senescent, virus-infected cells, re-
sist phagocytic elimination and can thrive for a long
time [81].

The SARS-CoV-2 virus usurps the host NKCs via
Non-structural Protein 1 (Nspl), compromising effe-
rocytosis further and contributing to the accumula-
tion of senescent, virus-infected cells [82].

In contrast, SKF-38393, an allosteric modulator of
Sigma-1 Receptors (Sig-1Rs) enhances macrophages/
microglia mediated clearance of damaged cells, while
protecting the healthy ones, including the neurons
[83,84]. Sig-1Rs also protect against SARS-CoV-2
infection, likely by augmenting efferocytosis and the
elimination of virus-infected cells [85]. Furthermore
candesartan, an inhibitor of intracellular Ca** influx,
may block the activation of TMEMI6F, decreasing
cell-cell fusion and FIS.

Taken together, the SARS-CoV-2 virus induces pre-
mature cellular senescence and disrupts the elimi-
nation of senescent virus-infected cells. This triggers
inflammation and disruption of the gut barrier and
BBB, allowing the translocation of gut microbes into
host tissues and organs. Conversely, SKF38393 en-
hances the efferocytosis of senescent cells, while can-
desartan inhibits cell-cell fusion, together eliminating
viral reservoirs and the symptoms of long COVID.

Internalized PS

/

TMEM16F \
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TMEM16F
Inactive

Cytoskeletal
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Dysfunctional efferocytosis and long COVID

To maintain tissue homeostasis, millions of dead or
dying cells need to be removed daily by professional
and non-professional phagocytes, including macro-
phages and NKCs. Overproduction of senescent cells
or defective efferocytosis promotes accumulation of vi-
rus-infected cells, generating latent inflammation and
likely long COVID [86]. The binding of SARS-CoV-2 to
its receptor, ACE-2, an ANG II degrading enzyme, con-
tributes to ANG II accumulation. Upregulated ANG II
promotes the release of cortisol and HMGB1, molecules
associated with fatigue, IBD, muscle weakness, and
malignant transformation [87-90]. In the gut, upregu-
lation of cortisol and HMGB1 disrupts efferocytosis of
IECs and ECs, contributing to microbial translocation.
As gut microbes are not immunologically tolerated out-
side the GI tract, they trigger inflammatory responses
associated with fatiguing illnesses [91]. Moreover, ANG
I is toxic for mitochondria, organelles previously as-
sociated with fatiguing illnesses [92-94]. Furthermore,
ANG II upregulates the Inter Cellular Adhesion Mole-
cule 1 (ICAM-1), a transmembrane glycoprotein, over-
expressed in many pathological states, including frailty,
depression, and cognitive impairment [95,96]. [CAM-1
expression stimulates soluble ICAM-1 release in vitro
and in vivo. AT 1R blockade inhibits such endothelial ef-
fects of ANGIIL Dysfunctional ICAM-1 has been shown
to disrupt efferocytosis, further contributing to the ac-
cumulation of senescent cells [97]. Candesartan was
demonstrated to inhibit the action of ANG Il on ICAM-1,
optimizing efferocytosis [98].

Virus/ HERV's

Fusion pore

"'“"-n......mﬂ“('
B AT

Figure 3. Exogenous viruses, including SARS-CoV-2, and endogenous viruses, such as HERVs, induce cell-cell fusion. Fusion
starts with the formation of a fusion pore, followed by semi-fusion, cytoskeletal reorganization, and exchange of cytoplasm.
TMEM16F is activated by the pore formation with calcium influx that flip phosphatidylserine (PS) from the inner to the outer
leaflet of the cell membrane, a characteristic of damaged or senescent cells.
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Taken together, excessive, unopposed ANG II disrupts
mitochondria, and efferocytosis, leads to the accumula-
tion of senescent cells and resultant inflammation that
likely manifest as a fatiguing disorder.

Stress and biological barriers

Under physiological circumstances, intestinal barrier
promotes absorption of nutrients, while preventing the
migration of harmful substances, such as toxins or bac-
teria, into the systemic circulation. Psychological stress
and pathogens were shown to disrupt the gut barrier,
enabling translocation of microbes and/or their mole-
cules into the body tissues and organs [99,100].

The Hypothalamic-Pituitary-Adrenal (HPA) axis can
be activated by both psychological and biological
stressors, including viral infections, highlighting the
link between stress, cellular senescence, and bacteria
[101,102].

Sterile inflammation refers to inflammasome activa-
tion by psychological and biological stressors, leading
to numerous pathologies, including gut barrier dys-
function [103,104]. It is well established that chronic
stress triggers cortisol release via HPA, contributing to
various diseases. Although cortisol exhibits robust an-
ti-inflammatory properties, novel studies have report-
ed that chronic cortisol release can activate Nod-Like
Receptor Protein 3 (NLRP3) inflammasome, inducing
sterile inflammation that in turn disrupts the intestinal
barrier [105,106]. For example, sterile inflammation in
the GI tract has been associated with Major Depressive
Disorder (MDD) and Parkinson’s disease, linking stress
to NLRP3 activation documented in neuropsychiatric
pathology [107-110].

HMGB1, upregulated by both biological and psycho-
logical stress, disrupts the gut barrier via a particular
leitmotif, a Damage-Associated Molecular Patterns
(DAMPs), highlighting a new target for microbial trans-
location disorders [111,112]. Like cortisol, HMGB1, was
associated with premature cellular senescence, linking
this molecule to sterile inflammation [113]. This may
be significant as D1R partial agonists were shown to
inhibit NLRP3 inflammasome directly, lowering all in-
flammatory responses, including the sterile inflamma-
tion [114]. In addition, chronic psychological stress has
been shown to lower brain dopamine levels, suggest-
ing that D1R partial agonists, including SKF38393, may
reverse the detrimental effect of chronic stress. In this
regard, cortisol-lowering properties of D1R partial ag-
onists has been utilized in the treatment of Cushing syn-
drome, indicating that it can reverse both cortisol and
HMGB1-mediated sterile inflammation [115]. More-
over, candesartan was demonstrated to lower HMGB1,
indicating that along with SKF38393, it could decrease
the effects of biological or psychological stress on the
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intestinal barrier [116,117]. These findings, likely sig-
nificant for PTSD, may lead to the development of new
strategies for this disorder that currently lacks ade-
quate treatment.

Conclusion

Long COVID is marked by premature -cellular
senescence and clinical symptoms reminiscent of
other fatiguing illnesses, including ME/CFS, CFS, and
GWS. The SARS-CoV-2 virus is known for exploiting the
human senescence program for ensuring undisturbed
proliferation. However, senescence affecting the
cells of biological barriers, including IECs, ECs, and
lymphocytes, disrupt the tight junctions, enabling
microbial translocation outside the GI tract. In addition,
senescent cells upregulate plasma membrane ACE-
2 receptors that serve as SARS-CoV-2 entry portals,
probably explaining why older individuals are at
higher risk of COVID-19 critical illness. Together this
data suggests that the virus may utilize senescent cells
as reservoirs, accounting for viral signature in the
monocytes and macrophages derived from deceased
COVID-19 patients. Like HIV, latent SARS-CoV-2 in
microglia, may explain the neuropsychiatric sequelae of
long COVID. D1R partial agonist, SKF38393, and BBB-
crossing ARB, candesartan, exert anti-inflammatory,
pro-cognitive, and senolytic properties, suggesting
efficacy in clearing viral reservoirs by decreasing the
level of senescent cells.
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