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ABSTRACT

Considering the Release published by the Cuban Academy of Sciences in the face of the enor-
mous local and global challenges associated with the COVID-19 pandemic, it is necessary
that all the Cuban scientific community be placed in the management and investigation of
this disease. Since the XVI century our country has been confronting epidemic outbreaks in
political and social conditions very different from what we now have. SARS-CoV-2 (CoV-2) is
the new coronavirus, which causes the disease coined by WHO as COVID-19 since February
2020. Different countries have reported CNS manifestations, but neuroprotective strategies
have not been implemented. In the present article we provide a brief overview of the neuro-
logical manifestations which have been reported during the COVID-19 pandemic. We also
highlight the importance not only of treating the immediate damage to the CNS caused by
the virus in these patients, but also suggest the introduction of a neuroprotective agent, such
as intranasal Neuro-EPO —a Cuban molecule capable of potentiating the endogenous defen-
ses of the brain— which could prove to be effective in locally diminishing the immediate and
possibly long term damage of the virus on the nervous system.

Estrategias neuroprotectoras en la COVID-19

RESUMEN

Considerando la publicacion publicada por la Academia Cubana de Ciencias ante los enor-
mes desafios locales y globales asociados con la pandemia de COVID-19, es necesario que
toda la comunidad cientifica cubana se cologue en el manejo e investigacion de esta enfer-
medad. Desde el siglo XVI, nuestro pais ha enfrentado brotes epidémicos en condiciones




politicas y sociales muy diferentes de las que tenemos ahora. El SARS-CoV-2 (CoV-2) es el
nuevo coronavirus, que causa la enfermedad acufiada por la OMS como COVID-19 desde fe-
brero de 2020. Diferentes paises han informado manifestaciones del SNC, pero no se han im-
plementado estrategias neuroprotectoras. En el presente articulo proporcionamos una breve
descripcion de las manifestaciones neuroldgicas que se han informado durante la pandemia
de COVID-19. También destacamos la importancia no solo de tratar el dafio inmediato al SNC
causado por el virus en estos pacientes, sino que también sugerimos la introduccion de un
agente neuroprotector, como el Neuro-EPO intranasal, una molécula cubana capaz de poten-
ciar las defensas enddgenas de El cerebro, que podria ser eficaz para disminuir localmente el
dafio inmediato y posiblemente a largo plazo del virus en el sistema nervioso.

INTRODUCTION

Since the XVI century our country has suffered different
epidemic outbreaks historically based in the conquest and co-
lonization. This modified the Cuban epidemiological situation
through the introduction of new diseases, such as smallpox,
measles and yellow fever, that caused numerous outbreaks
during the XVI, XVII and XVIII centuries, with high mortality
rates that led to a rapid extermination of the native popula-
tion. Among other factors, bad hygiene, climate, increase of
seaport activities concomitant with population growth, also
contributed to epidemics in those centuries.

More recently, and in very different socio-political condi-
tions after the triumph of the revolution and its policy of health
for all, an explosive outbreak of hemorrhagic dengue occurred
in May 1981. It lasted slightly more than 4 months, and 344
203 cases were reported. The week with the highest incidence
was from June 29 to July 6, when 9447 cases were reported.
Virological studies determined that the epidemic was caused
by serotype 2 dengue virus.(?

Today our country is being hit by a pandemic caused by
a new viral agent that has evidenced the many inequalities
and flaws in our planet, including the richest countries. SARS-
CoV-2 (CoV-2) is the new coronavirus causing the disease
coined by the World Health Organization as coronavirus di-
sease-19 (COVID-19) in February 2020. The expansion of this
novel virus which first appeared in Wuhan, China, has led to
the COVID-19 pandemic, which constitutes the most severe
threat to global public health systems since the Spanish flu
outbreak in 1918, and has rapidly captured worldwide atten-
tion." To date more than 5 million people in the world have
been infected, and nearly 325 000 have died as a consequen-
ce of COVID-19. Hence, a great deal has to be done in order
to minimize its impact, and what’s even more important, to
control it.

The main manifestations of COVID-19 are flu-like symp-
toms (fever, cough, myalgia, fatigue), some patients eventua-
lly develop dyspnea, followed in approximately 15-19 % of the
patients by moderate to severe respiratory distress, which can
lead to death. While respiratory symptoms are the most fre-
quent, they are not the only ones at onset or during the course
of the disease. Other organic systems (i.e., digestive and ner-
vous systems) have heralded SARS-CoV-2 infection in some
cases.119

DISCUSSION

Neurological manifestations of COVID-19

In a series of 214 COVID-19 patients with acute respira-
tory syndrome due to SARS-CoV-2 infection from Wuhan, Chi-
na, nervous system manifestations were reported in 36,4 % of
patients, being more frequent in cases with severe forms.
Central nervous system (CNS) symptoms were the most
frequently reported (24,8 %), but peripheral nervous system
and skeletal muscle injury were also present.(? Other authors
have also described neurological manifestations in patients
with severe COVID-19, amongst which agitation, confusion
and diffuse corticospinal tract signs prevailed, with one third
of them presenting dysexecutive syndrome at discharge.("

The first report of Guillain—Barré Syndrome (GBS) possi-
bly associated with COVID-19 occurred in a patient returning
from Wuhan, with the peculiarity of it appearing 7 days before
the presentation of respiratory symptoms, and testing positi-
ve for SARS-CoV-2. The authors suggested a par infectious
pattern, as reported previously in other coronavirus infections.
(19 Soon after, five cases with GBS after the onset of COVID-19
were reported in Italy.('® Furthermore, the first presumptive
case of encephalitis linked to COVID-19 was documented in
the USA, where brain MRI images revealed a rare complication
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of influenza known as acute necrotizing encephalopathy, in a
patient diagnosed with COVID-19 infection.("” This condition
has not been associated with direct viral invasion, but to cyto-
kine storms and the over-production of immune cells leading
to breakdown of the blood-brain barrier.("719)

In a series of 214 COVID-19 patients hospitalized in
Wuhan, China, acute cerebrovascular disease was reported
in 5,7 % of severe SArs-COV-2 patients;'? while coagulopathy
was among the risk factors for mortality encountered in a co-
hort of 1971 COVID-19 patients also from Wuhan.( Later, the
Mount Sinai Health System in New York reported total of five
patients younger than 50 years of age presenting with large
vessel acute strokes and testing positive for COVID-19 during a
two-week period, a frequency much higher than that observed
in the previous year’s registry®?. A clear association between
acute inflammatory events and stroke has been reported,®"as
well as an increase in the risk of stroke 2-4 weeks after acute
infection with flu-like illnesses.?? A noteworthy and detailed
analysis of the possible association between COVID-19 and
stroke was recently published.®®

Perhaps one of the most common neurological symp-
toms associated with COVID-19 are olfactory and taste disor-
ders.?¥ In the Wuhan series it was reported in approximately
5 % of hospitalized patients.(? Aside from being fairly frequent
in patients with COVID-19 —as in other viral infections— the-
se symptoms may precede the onset of clinical disease, and
might be useful as a clinical screening tool for testing appa-
rently asymptomatic individuals.@®

The neuroinvasive potential of SARS-CoV-2 has been con-
sidered to be involved in the pathophysiology of acute respi-
ratory failure appearing in some COVID-19 patients, possibly
through intranasal entrance of the virus to the brain via the
olfactory nerves, spreading thereafter to specific brain areas
such as thalamus and brainstem.@%2”

As most coronaviruses have similar viral structure and
infection pathways, it is believed that they probably share
analogous infection mechanisms, which may also be valid for
SARS-CoV-2. @9

Genomic analysis shows that SARS-CoV-2 shares highly
homological sequence with SARS-CoV. @®® |t uses the same re-
ceptor as SARS-CoV for entry into the cell —the receptor for
angiotensin converting enzyme-2 (ACE2)~- present on the sur-
face of epithelial cells in the lung, intestine, kidney, and blood
vessels. Furthermore, priming of the spike (S) protein of coro-
naviruses by the serine protease TMPRSS2, which facilitates
viral attachment to the surface of target cells, enhances its
binding to the ACE2 receptor.?9

Viruses reach the brain through various pathways: 1) retro-
grade axonal transport along axons, 2) hematogenous spread

via the brain barriers (blood-brain barrier (BBB), blood-cere-
brospinal fluid barrier, meningeal-cerebrospinal fluid barrier),
3) direct infection of endothelial cells or 4) spreading of in-
fected leukocytes to the brain across the BBB. 9 The exact
mechanisms by which SARS-CoVs reach the CNS remain
unclear, probably involving transneuronal and hematogenous
routes.©"

Viral particles have been long known to hijack retrogra-
de axonal transport along the microtubules and to spread
between neurons, thus gaining access to the nervous system.
2 SARS-CoV particles were observed in brain samples from
SARS patients, being located almost exclusively in the neu-
rons.® On the other hand, experimental studies in transgenic
mice revealed that when SARS-CoV was administered intrana-
sally, it entered the brain, possibly via the olfactory nerves.¥

Brain damage by SARS-CoV-2 could be due to the attack
of endothelial cells in the cerebral blood vessels, where ACE2
is highly expressed, causing breakdown and thus increased
permeability of the blood-brain barrier (BBB), cerebral edema,
and intracranial hypertension. Although the blood-brain barrier
(BBB) protects the CNS from the events occurring in the peri-
phery, it can be breached by the virus and/or the inflammatory
processes which subsequently ensue, or it can be circumven-
ted at more vulnerable sites, as in terminal nerve endings (i.e.
the olfactory nerves). Furthermore, a disrupted BBB may pro-
mote invasion of infected peripheral cells into brain tissues and
neurons. Another mechanism possibly participating in brain
tissue destruction is the secretion of cytokines from infected
neurons, when the virus invades the nervous system. 139

Nevertheless, acute nervous system involvement in
COVID-19 is not the only issue troubling researchers. Possible
long-term neurological effects have also been a concern, con-
sidering the large amount of individuals who have been affec-
ted worldwide. Among these, emotional and cognitive changes
have been considered.(** Furthermore, the axonal transport
of neurotropic viruses could cause basically disordered prote-
ins, such as a-synuclein to bind and form toxic aggregates that
are conveyed along neuronal pathways, causing cell death at
specific brain regions. ¢

Itis known that the inflammatory response which accom-
panies acute or chronic infection may trigger mechanisms un-
derlying the early stages of neurodegenerative disorders via
impaired BBB function. Thus, systemic inflammation secon-
dary to SARS-CoV-2 infection could also contribute to neuro-
inflammatory processes that could lead to the occurrence of
long term neurological syndromes in susceptible individuals.
Longitudinal studies to evaluate the incidence of neurode-
generative disorders following the COVID-19 pandemic have
been recommended. ¢
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Therapeutic approach to SARS-CoV-2 infection and
the nervous system

Antiviral and symptomatic supportive treatments are nor-
mally administered in hospitalized COVID-19 patients, and ad-
ditional therapeutic actions are taken when nervous system
symptoms occur, depending on the type of CNS involvement.
A very important aspect to keep in mind is that SARS-CoV-2
infection of specific brain structures could be responsible to
some extent for acute respiratory failure. ®® On the other hand,
neurological symptoms are potential indicators of poor prog-
nosis, and prevention and treatment of CNS infection have
been suggested to be important to reduce respiratory symp-
toms and acute respiratory failure, as well as to improve the
prognosis of COVID-19. 67

Considering that additionally SARS-CoV-2 infection could
have as yet not known long term effects on the CNS that could
predispose the hosts to neurodegenerative disorders, imple-
menting neuroprotective strategies could prove to be impor-
tant not only as a supportive treatment of CNS complications
—essential for patients” recovery—, but also to prevent long
term effects on the CNS.

Bearing in mind the potential neuroinvasion of SARS-
CoV-2 via the olfactory nerves, and the evidence directly lin-

king COVID-19 with early manifestations of smell and taste
impairment, the use of an intranasally applied neuroprotective
agent, capable of potentiating the endogenous defenses of
the brain in the infected patient®® could prove to be effective
in locally diminishing the damaging action of the virus on the
olfactory nerves. Furthermore, it could also have a neuropro-
tective action on the nervous structures linked to this pathway
in the brain.

One of the challenges Cuba has in this line of work is nasal
Neuro-EPO (recombinant human erythropoietin with low sialic
acid content), which has been widely evaluated in pre-clinical
studies in a series of disorders of the CNS®>*% and in a Phase
1 clinical trial which proved its use in healthy volunteers was
safe. ®9 At present a clinical trial in Alzheimer’s disease is in
course, ®” while other preclinical studies for other CNS disea-
ses are ongoing. 55869

Potentiation of endogenous neuroprotection is the cha-
llenge the authors propose to counteract the molecular unba-
lance that occurs when endogenous and exogenous agents
alter homeostasis in the CNS. A simplified representation of
this action is presented in figure 1.

Taking into account the clinical evidence and the findings
implicating the nervous system as a target in COVID-19,
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Fig. 1. Simplified schematic representation of the mechanisms through which intranasal (IN) Neuro-EPO modulates endogenous neuroprotection
in SARS-CoV-2 infection. When its levels are affected in a cerebral region, by endogenous or exogenous xenobiotics, mechanisms that promote

neuronal death are unleashed. When brain EPO levels are preserved, endogenous neuroprotective mechanisms prevail.
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protecting the CNS should be a therapeutic alternative in
pre-symptomatic or initial stages of the disease. This might
contribute to reduce neurologic complications during the
course of the disease, especially in those patients who are at
higher risk because of natural reasons (age) or because of the
associated co morbidities.

CONCLUSIONS

SARS-CoV-2 infection is associated with different patho-
logical manifestations of the nervous system as an expres-
sion of direct nervous tissue damage by the virus together
with the neuroinflammatory reaction accompanying viral in-
vasion, or as an expression of post-infectious damage. Treat-
ment of CNS infection has been suggested to be crucial in re-
ducing respiratory symptoms and acute respiratory failure, as
well as to improve the prognosis of COVID-19. Furthermore,
the association of a neuroprotective agent, such as intranasal
Neuro-EPOQ, capable of potentiating the endogenous defenses
of the brain in the infected patient, could prove to be effective
in locally diminishing the immediate and long term damage of
the virus on the nervous system.
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