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Abstract
Coronavirus is a family of ARN positive single-stranded belonging to the family of Coronaviridae. There are several fami-
lies of coronavirus that transmit more or less serious diseases. However, the so-called coronavirus-19 (SARS-CoV2) is the 
one that is currently causing most of the problems; in fact, biological dysfunctions that this virus causes provoke damage in 
various organs, from the lung to the heart, the kidney, the circulatory system, and even the brain. The neurological manifesta-
tions caused by viral infection, as well as the hypercoagulopathy and systemic inflammation, have been reported in several 
studies. In this review, we update the neurological mechanisms by which coronavirus-19 causes neurological manifestation 
in patients such as encephalomyelitis, Guillain-Barré syndrome, lacunars infarcts, neuropsychiatry disorders such as anxiety 
and depression, and vascular alterations. This review explains (a) the possible pathways by which coronavirus-19 can induce 
the different neurological manifestations, (b) the strategies used by the virus to cross the barrier system, (c) how the immune 
system responds to the infection, and (d) the treatment than can be administered to the COVID-19 patients.

Keywords SARS-CoV-2 · COVID-19 · Viral mechanisms · Neurological disorders · Viral traffic · Therapies used

Introduction

SARS-CoV2 was discovered in Wuhan city (China) on 
December 2019. When this virus appeared, the Chinese 
doctors realized that it was not a common coronavirus but 
that its infection gave rise to numerous dysfunctions not well 
known and that it was also very contagious to the point of 
causing a pandemic. This virus was called SARS-CoV2 due 
to that its ARN has 82% similarities to SARS-CoV1 [1]. 
Its transmission, similar to the other virus that transmits 
pneumonia, is through the respiratory route in humans. The 
disease they transmit is called COVID-19 and its symptoms 
are cough, fever, lymphopenia, hypoxia, loss of smell and 
taste, and several neurological symptoms such as difficulty 
of movements, disorientation, and other less characterized 
dysfunctions [2]. Although COVID-19 preferably affects the 
respiratory and cardiovascular system, several COVID-19 
patients present neurological symptoms such as headache 

and neuralgia as well as other complications including 
encephalopathy [3], acute cerebrovascular diseases [4], and 
difficulty of movements. Based on recent studies of cogni-
tive symptoms in COVID-19 patients, it also seems present 
increased risk of dementia [5–7]. All these pathologies have 
hypothesized that a possible neuroinvasive potential of coro-
navirus-19 might be responsible for these symptoms. It is 
known that the coronavirus-19 enters the cell through the 
ACE2 enzyme of the rennin system, so it is not surpris-
ing that the virus can infect cells that possess this enzyme, 
including the brain. ACE2 is found in various body tissues 
as kidney [8], lung [9] heart [10], and the central nervous 
system [11]. Inside of CNS microglia and neurons have 
ACE2; therefore, the brain is a good candidate for the virus 
to attack it; however, the brain presents a problem to all 
those substances that can attack it, including viruses. This 
difficulty of entry is due to the blood–brain barrier (BBB) 
and to the blood-cerebrospinal barrier (B-CSF) [12]. In addi-
tion to this, one must be taken into account that many of the 
neurological dysfunctions can be caused by the entry of the 
virus through the respiratory system and mediated by the 
coagulation and hypoxia processes that this entails. Brain 
cells are very sensitive to oxygen deprivation and die; this 
situation can lead to coma, seizures, and even brain death. 
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Symptoms of brain hypoxia include inattention, blunders, 
memory loss, and decreased motor coordination. All these 
symptoms have been found in some patients with COVID-
19 [13]. Data on the characteristics of the disease such as 
pathologies, transmission, prevention, and treatments strate-
gies have been cited [14]. This review explains the mecha-
nism by which coronavirus can induce these diseases as well 
as the possible routes that this virus can use to reach the 
brain and the therapies than can be administered.

Neurological manifestations of COVID‑19

The neurological manifestations induced by the coronavi-
rus-19 can be produced at two levels: (a) one due to hypoxia 
and coagulation due to the dysfunctions that the virus 
induces outside the CNS when it attacks pulmonary cells, 
and (b) the neuronal dysfunctions that the virus can develop 
if it is able to reach the brain.

Neurological dysfunctions 
that coronavirus‑19 induced 
without entering the brain

The leading cause of death for COVID-19 is the acute res-
piratory syndrome distress syndrome initiated by epithe-
lial infection and alveolar macrophage activation in the 
lung. The virus enters into the alveolar cells through the 
angiotensin-convertin enzyme (ACE2) by a mechanism 
in which the virus, through its spiker protein, binds to the 

host cell membrane. Once it has entered the cell, the virus 
releases its + ARN and migrates to the endoplasmic reticu-
lum to synthesize all their proteins (Fig. 1). The + ARN of 
SARS-CoV2 genome organization is arranged in a certain 
order. The gene for replicase, the protein which replicated 
the virus, is the first, followed by the synthesis of protein 
S, protein E, and protein M as well as nucleocapsid pro-
tein together another set of accessory proteins [15]. As the 
ARN viral is polycistronic, along its chain all its proteins 
are encoded, it is as if it were a long single mARN chain. 
The viral ARN, which encodes all viral proteins, migrates 
to the endoplasmic reticulum and begins by synthesizing the 
replicase protein, an enzyme capable of replicating the syn-
thesis of several copies of viral ARN. These new viral ARNs 
migrate to the endoplasmic reticulum where they synthesize 
the rest of their proteins. Next, all the replicated viral ARNs, 
with their proteins, migrate to the Golgi apparatus. There, 
the viral ARNs are covered with their proteins giving rise to 
the formation of complete viruses, which leave the host cell 
by exocytose to infect other cells (Fig. 1).

In this process, the host cell may (a) die, (b) to be phago-
cyted by macrophages, or (c) can be damaged. As a con-
sequence, the loss of alveolar cells takes places, and as 
consequence dyspnoea and hypoxia can be induced. In addi-
tion, the infected cell alerts the immune system, releasing 
cytokines that alert macrophages, neutrophils, and antigen 
presenting cells; all these arrive where the infected cells and 
virus are. Macrophages phagocyte viruses and infected cells, 
and antigen-presenting cells recognize viruses and activate 
the adaptive immune system process. In this process, inflam-
mation may take place. Inflammation is not always harmful, 

Fig. 1  Replication of the viral 
ARN
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but when it occurs in an exaggerated way it can be danger-
ous. This inflammation is induced because when SARS-
CoV2 enters in the cells, it produces an alteration in the 
expression of their genes counteracting the antiviral defences 
of the host cell [16].

Coronavirus-19 can also cause blood coagulation and 
hypoxia because when the virus enters the cells through 
ACE2 this enzyme is inactivated. This enzyme is responsible 
for passing angiotensin I to angiotensin 1–9 and angiotensin 
II to angiotensin 1–7 (see Fig. 2). When this enzyme is inac-
tivated, an excess of angiotensin I and angiotensin II can be 
produced. Under this circumstance, an excess of angioten-
sin I can cause vasoconstriction, inflammation, fibrosis, and 
proliferation and an excess of angiotensin II can bind to its 
AT1 receptor, giving also rise to vasoconstriction, inflamma-
tion, fibrosis, proliferation, and elevation of aldosterone and 
vasopressin. Then, ACE2 inhibition can be responsible for 
coagulation and as consequence to hypoxia. This hypoxia, 
mediated by coronavirus-19, may be responsible for the 
brain damage.

The first time that COVID-19 was found to induce harm-
ful haemostatic disorder was reported by Guan et al. on 28 
February 2020 [17]. These authors observed that out of the 
46, 5% of the patients with COVID-19 presented a relevant 
increase in D-dimer levels. Now, it is suggested that patients 
with moderate and severe COVID-19 are likely to have 
reduced platelet number count and prothrombin time (PT), 
activated partial thromboplastin time (aPTT), and elevated 
D-dimer levels [18–20]. Several theories were performed to 
explain these haemostatic changes and high D-dimer levels 

[21–26]. Both, central and peripheral nervous systems, are 
affected by COVID-19. Most of the reports about neurological 
complications are currently developed in China but also in the 
USA and France among others. Neurological complications 
such as anosmia [27], stroke [28], paralysis [29], encepha-
lopathy [30], neuropsychiatric alterations such as depression, 
stress, delirium [31], meningitis [32, 33], seizures [34], and 
metabolic imbalances were observed in COVID-19-infected 
patients. The long-term damage of COVID-19 is depression, 
insomnia, and cognitive problems, which could accelerate 
Parkinson’s or Alzheimer’s disease [35, 36]; however, more 
clinical studies are warranted to elucidate a possible impact 
of SARS-CoV2 in neurodegenerative studies, including Par-
kinson, Alzheimer, or multiple sclerosis [37].

Two to six percent of acute cerebrovascular disease 
was found in hospitalised patients with COVID-19 infec-
tion. Myalgia/fatigue is also another common post-trau-
matic stress disorder (PSTD), and anxiety, depression, 
insomnia, and behavioural alterations are spectrum of 
neuropsychiatric dysfunctions observed after the acute 
infection [38]. Many of these neurological dysfunctions 
can be caused as a consequence of the hypoxia that this 
virus induces in patients. Some evidence support that 
COVID-19 can also affect the cardiovascular system. A 
study in Wuhan observed arterial hypertension and car-
diovascular dysfunctions in 15% of the studied patients 
[39], and stroke dysfunction mediated by coronavirus-19 
has been further revised [40]. Some authors consider that 
the paucity of inflammatory changes in CSF of COVID-
19 subject and lack of ARN of SARS-CoV2 do not 

Fig. 2  Possible mechanism of 
ACE2 in COVID-19
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support the possible dysfunctions of SARS-CoV2 on the 
neurological complications in COVID-19 [41].

The movement difficulties and even paralysis suffered by 
COVID-19 patients may be associated with an entry of this virus 
into peripheral neurons whose myelin is made up of Schwann 
cells. The death or damage of these cells leads to the demyelina-
tion of the peripheral nerves as a result to the difficulty of the 
conduction of the nerve impulse with the consequent paralysis 
or decreased mobility. Referent to this point, it has been found 
COVID-19 patients with typical experiential of acute inflam-
matory demyelinating polyneuropathy [42–44] and symptoms 
similar to those of the Guillain–Barre syndrome as weakness or 
paralysis that can spread to the muscles that control breathing, 
inducing respiratory dysfunctions to the point that patients need 
a breathing machine for treatment [45–53]. Other patient was 
reported with acute motor-sensory axonal neuropathy during the 
course of the infection but no samples from CSF were taken [54].

If SARS-CoV2 was able to enter to moto-neurons from 
spinal cord, the problem could be higher because it can 
produce similar symptoms of that in the amyotrophic lat-
eral sclerosis (ALS) disease.

All these neurological pathologies discussed in this 
section referred to those in which the coronavirus-19 had 
not entered the brain.

How COVID‑19 virus may enter in brain 
and infects neurons?

When a pathogen arrives, the CNS is necessary that passes 
through the blood–brain barrier (BBB). The BBB represents 
a protection system, which lead to the maintenance of home-
ostatic functions of the CNS. Its structure is not well known 

yet. However, endothelial cells take part of brain barrier cells 
together with pericytes, astrocytes, and microglia.

The inflammation could provoke vascular damage that 
can increase the BBB permeability [55–59]. Then, the virus 
can cross the BBB through several ways: (a) the hematog-
enous route through structures that contain less fortified 
barriers like the choroidal plexus (CP) and circumven-
tricular organs. (b) Infecting peripheral nerves as olfactory 
nerves [56, 57, 59, 60] arriving to the brain by neurotropism 
(Fig. 3).

Under this way, the virus can enter in periphery neurons 
(i.e. the olfactory nerve) by interacting with ACE2 receptor; 
SARS-CoV2 can move through axons of these cells towards 
the synapse by anterograde axonal transport, with the coop-
eration of motor protein called kinesin, which moves mol-
ecules along axon microtubules from neuronal soma to the 
synapse [61–63] (Fig. 3).

Paracellular migration takes place when the virus attacks 
the tight junctions in BBB [64, 65]. Recently, studies sug-
gest the existence of axonal transport of SARS-CoV2 via 
the cribriform plate from the olfactory bulb nerves to brain 
[65]. The fact that the majority of COVID-19 patients pre-
sent loss of smell (anosmia) [66–68] helps to think that the 
virus enters the brain through the olfactory nerve. Never-
theless, intranasal infection with SARS-CoV2 to transgenic 
mice that overexpressing ACE2 (ACE2-HB-01 mice) only 
caused mild symptoms with pulmonary inflammation but 
without brain involvement [69]. However, others have been 
postulated that SARS-CoV2 is reaching the CNS via sys-
temic spread and even through the microcirculation capillary 
level near the endothelial cells [70].

The high neurotropism of SARS-CoV in animals has 
been demonstrated from years although symptomatology is 

Fig. 3  Possible mechanism by 
which SARS-CoV2 can reach 
the brain. A Haematogenous 
route. B Neurotropism route
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not important [71]. These findings suggest a complex neu-
ropathological mechanism of SARS-CoV2 infection in the 
brain, which seem to be associated with systemic inflamma-
tion and hypercoagulopathy states. The first indication that 
SARS-CoV2 induces meningoencephalitis was reported in 
a 24-year-old young man who presented altered conscious-
ness, emesis, fever, and seizures and although the presence 
of the SARS-CoV2 virus was not detected in nasopharyn-
geal swab, it was detected in the cerebrospinal fluid (CSF) 
[72]. The presence of SARS-CoV2 in cerebrum spinal fluid 
has also been confirmed by gene sequencing, in a 56-year-
old COVID-19-infected patient [73]. Besides that, a post-
mortem histological analysis of the brain from a 71-year-old 
man who died from COVID-19 revealed the presence of 
several types of lesions, among these was myelin loss [74] 
and Chu et al. [75] demonstrate that SARS-CoV2 is able to 
replicate in a human glioblastoma astrocytoma (U251). A 
review of Favas et al. (2021) give an extend references on 
the implications of SARS-CoV-2 on different neurological 
manifestation [76].

Moreover, SARS-CoV2 can infect neurons, given that it 
contains significant levels of ACE2, and can remain in some 
neurons without being neurotoxic [77].

The abnormal misfolding and aggregation of proteins in 
recovered patients from their acute SARS-CoV2 infection 
could contribute to neuronal loss in the future or promote 
behavioural alterations [78]. However, traces of SARS-Cov2 
have not been detected by PCR in CSF samples from SARS-
CoV2-infected patients, except in two cases of meningitis/
encephalitis. This feature suggests that acute headache, sei-
zure, and nuchal rigidity may be attributable to meningitis 
because higher levels of ACE2 are present in meninges [79].

In one study of 125 infected COVID-19 patients, neu-
rological/psychiatric disease was evaluated over a 3-week 
period; there were 31% of patients whom had altered mental 
status, 13% showed encephalopathy, 8% had psychosis, 5% 
had minor cognitive impairment, and 3% had altered affec-
tive behaviour. Notably, 62% of patients had a cerebrovas-
cular event, 7% showed an intracerebral haemorrhage, and 
less than 1% presented CNS vasculitis [80].

Recent studies have detected cerebrovascular problems 
by COVID-19 infection in patients. In fact, neuroimage 
studies have found haemorrhage and encephalopathy in a 
COVID-19-infected female from North America with cough, 
fever, and altered mental status [81]. Several neurological 
dysfunctions have been detected in SARS-CoV2-infected 
patients, who demonstrate that the viral attack is not only 
in the brain but also in the peripheral central nervous sys-
tem (PNS) since ACE2 enzymes are present in both organs. 
All these examples help to consider that SARS-CoV2 could 
enter in the brain.

Once in the brain, SARS-CoV2 may infect neurons and 
glial cells because both cell types have ACE-2 enzyme. This 

can cause cellular death although the immune system could 
contribute to protect neurons against inflammation and oxi-
dative stress that the virus can induce in the brain. However, 
it is well recognized that many pathogens can infect the brain 
causing several dysfunctions and that they also are able to 
produce immune response [82].

However, there is a problem for the immune cells to 
cross the BBB. The immune cells are in the blood and need 
to cross the BBB to arrive to the brain. The passage of T 
lymphocytes and other immune cells through the BBB does 
not seem to be an inconvenience because this process takes 
place in multiple sclerosis (MS) [83, 84]. Besides that, astro-
cytes and microglia may behave as the first defender of the 
immune system. Astrocytes are essential for brain homeo-
stasis and for maintaining the BBB integrity and control and 
activate the immune cell traffic [85]. In addition, under an 
aggression, astrocytes secrete cytokines and chemokines that 
activated the immune defences [86] and microglia are the 
resident monoclonal phagocytes of the brain [87].

The viral infection could alter the immune-mediated 
responses as a consequence of a systemic propagation. It 
remains to establish the possible relationship between neu-
rological abnormalities and the cytokine storm observed 
in some critical patients; the hypercoagulopathy provokes 
the formation of blood clots in brain vessels [88]. These 
proinflammatory cytokines associated with storm cytokines 
could contribute to microglia overactivation and also con-
tribute to blood–brain barrier disruption, leading to neu-
ronal loss and specific neuropsychiatry manifestations such 
as confusion, disorientation, and headache. In severe cases, 
encephalitis and vascular damage could lead to ischemia 
events in patients. The neuroimage analysis evidenced brain-
induced dysfunctions and neuropathological manifestations 
by COVID-19.

Neurological manifestations of COVID‑19 
in the brain

Liu et al. [89] provided evidence for brain infection with 
SARS-CoV-2 and presented a neurological mechanism 
underlying the lethality of this virus infection. The long-
term sequels of COVID-19 are depression, insomnia, and 
cognitive and behavioural problems. It has been observed 
that between 2 and 6% of patients hospitalized with COVID-
19 presented cardiovascular diseases, myalgias, and fatigue.

It is also being observed that 31–50 months after the 
acute infection by SARS-CoV2, these people presented an 
extended spectrum of neuropsychiatry sequel such as anxi-
ety, depression, insomnia, and behavioural alterations and 
even, some small number of patients, developed encephali-
tis and acute neuropathies such as Guillain-Barré syndrome 
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[90]. Non-specific headache is also common in patients. 
Many COVID-19 patients show post-sepsis syndrome 
and pro-inflammatory hypercoagulable state by increas-
ing C-reactive protein, D-dimer, and ferritin markers in 
those patients with cerebrovascular events. Characteristic 
cytokine storm incites severe metabolic changes and can 
provoke multiple organ failure. However, the cytokine storm 
in COVID-19 can cause a series of small punctuate strokes 
without inducing neurological alterations [81]. The presence 
of comorbidities like diabetes, hypertension, and obesity can 
aggravate pathological manifestations of COVID-19 [91]. 
However, it is not clear if these neurological abnormali-
ties are caused by COVID-19 itself, or by a cytokine storm, 
resulting in hypercoagulopathy and formation of blood clots 
in brain vessels. Ramlall et al. [92] found that the age and 
coagulation dysfunctions predispose patients to poor clinical 
outmodes following SARS-CoV2 infections. Coagulopathies 
may manifest with ischemic or haemorrhagic stroke. In addi-
tion, the proinflammatory cytokine storm promotes dysfunc-
tion over-activation and also contributes to blood–brain bar-
rier disruption, leading to neuronal loss and consequently 
to neuropsychiatric manifestations. SARS-CoV2 also could 
induce demyelization lesions in neurons of the spinal cord 
which could lead to movement dysfunction [93].

Several neuroimage studies in patients with COVID-19 
have demonstrated encephalitis/meningitis [94, 95], haemor-
rhagic posterior reversible [96], cerebral venous thrombosis 
[74], and acute ischemic stroke [97] and encephalopathy in a 
North American COVID-19-infected female that had cough, 
fever, and altered mental status [83].

Several neurological manifestations were observed in 49 
SARS-CoV-2 PCR positive patients (nasopharyngeal sam-
ples) [81]. All patients required treatment on ICU for severe 
COVID-19; 45 had been discharged from ICU at the time 
of this publication, 26 of 40 patients had confusion, 39 had 
corticospinal tract signs, and 15 presented transient ischemic 
attack, partial epilepsy, and mild cognitive impairment [98]. 
None of them had pleiocytosis in the CSF; in 13 patients 
who had brain MRI analysis, eight had enhancement in lep-
tomeningeal spaces; finally, two patients had acute ischemic 
stroke, and one had subacute ischemic stroke. Another study 
has shown that 13 of the 221 SARS-CoV2-infected patients 
had imaging-confirmed evidence of cerebrovascular disease 
[99]. The increased risk of hypercoagulopathy [100] is con-
sistent with cerebral angiography and venography images in 
patients since blood clots can lead to myocardial infarctions, 
pulmonary embolisms, and renal failure [101].

Zhao et al. [102] reported a male of 66 years old admitted 
with fever, dyspnoea, and asthma; 5 days after respiratory 
symptom onset, this patient developed acute flaccid paraly-
sis of lower limbs and urinary and faecal incontinence. The 
MRI analysis reported lacunars infarcts. This patient was 
treated with moxifloxacin, oseltamivir, lopinavir–ritonavir, 

ganciclovir, and meropenem, followed by dexamethasone 
and intravenous immunoglobulin for neurological symp-
toms, in addition, required oxygen and still unable to walk 
after rehabilitation.

Mao et al. [103] have reported lower lymphocyte levels 
and platelet in conjunction with higher blood urea nitrogen 
levels in patients with severe COVID-19 symptomatology 
than in those without brain symptoms; these patients had 
impaired consciousness and severe respiratory disease. 
These also reported five patients who had ischemic strokes 
and one patient who had intracranial haemorrhage and cases 
of encephalomyelitis, and multiple sclerosis has been also 
reported in SARS-CoV2-infected patients [104, 105]. Wong 
et al. [106] have described a case of ataxia in a male from 
the UK (40 years old) with diploid oscillopsia, and bilat-
eral facial weakness (rhom-bencephalitis), 13 days before 
he had fever and progressive shortness of breath on exer-
tion. His white cell count was normal but lymphopenia and 
raised CRP were found in this patient; brain MRI analysis 
displayed a lesion in the right inferior cerebella peduncle and 
also micro-haemorrhage.

Long COVID‑19 syndrome

Many patients who suffered from COVID-19, after having 
suffered from this disease, commented that they suffered 
from difficulties in walking and a very marked stage of 
fatigue to the point of not allowing them to continue with 
their normal life. This suggests that this disease leaves neu-
rological sequels for a period still unknown.

After almost 2  years of the appearance of SARS-
CoV2, it has been found that after suffering and heal-
ing the dysfunctions caused by this virus, about 94% 
of people have found a large number of squeal both at 
the level of dysfunctions in movement and neurological 
[107]. These dysfunctions are denominated long COVID-
19 syndrome. It was found that the dysfunctions after 
COVID-19 were dependent of the severity of the disease 
[108]. Orru et al. [109] presented a study with 507 indi-
viduals after suffering from COVID-19. They observed 
a great persistence of neurological, psychological, and 
physiological symptoms. All these symptoms can cause 
a decrease of the quality of life, and further studies are 
necessary to know the “long COVID” conditions in order 
to better define the clinical treatments.

Possible treatments

Since SARS-CoV2 is a virus, the form to eradicate it, in 
addition to be attacked by the patient immune system, is the 
use of specific antiviral, antibody-based drugs and vaccines. 
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However, in addition to this, it is necessary to have therapies 
that can alleviate the dysfunctions that the virus produces.

Antivirals

The most used antiviral is Remdesivir but, although this pro-
duces some positive effects against SARS-CoV2 squeal, is 
not entirely effective. This antiviral was created to combat 
Ebola and its mechanism of action consists in the inhibition 
of the viral ARN polymerase, preventing the virus division 
[110]. The Drug Agency recommends prioritizing the use 
of remdesivir for treatments with a maximum duration of 
5 days in hospitalized COVID-19 patients who require sup-
plemental oxygen, but not mechanical ventilation or extra-
corporeal membrane oxygenation (ECMO).

The cancer drug Aplidin could also be a remedy against 
COVID-19. Its active component is the “plitidepsin”, 
extracted from the sea squirt Aplidium albicans. This anti-
viral seems to be 27 times more effective that remdesivir. 
The mechanism of action of plitidepsin consists in blocking 
the protein (eEF1A), a protein elongation factor, which is 
present in human cells and is used by the virus to reproduce 
and infect other cells. This means that, if the treatment is 
effective in humans, a SARS-CoV2 virus mutant will not 
be able to become resistant to this drug. Actually, the Span-
ish biopharmaceutical PharmaMar is negotiating the start of 
the phase III trials and published the results of a preclinical 
study [111]. The study was carried out with 45 patients from 
13 Spanish hospitals with good results and the company is 
working with the regulatory authorities of Spain and other 
countries to launch a phase III clinical trial.

Avifavir is an antiviral used against influenza that has 
been developed from the Japanese antiviral Favipiravir. It 
is a derivate of pirazinamide, which has been active against 
several ARN viruses [112]. It is an inhibitor of the RNA 
polymerase, an enzyme necessary for virus replication. 
Health authorities have confirmed the effectiveness of this 
treatment to combat SARS-CoV2 and assure that it will be 
administered in Russian hospitals. However, in Spain, the 
Ministry of Health does not recommend its use.

Monoclonal antibody–based drug

Monoclonal antibody–based drugs are an immunotherapy 
that used monoclonal antibodies to bind specifically to 
determined cell or proteins in order to be recognized by 
macrophages and be eliminated. Among the drug used to 
eradicate SARS-CoV2 is Bamlanivimab, which reduces the 
risk of developing COVID-19 up to 80%. This therapeutic 
agent has been developed by the pharmaceutical company 
Eli Lilly. It is a cocktail of monoclonal antibodies that are 

bound to the protein S of virus. The therapy is still under 
investigation and has been authorized in the USA under the 
heading of Emergency Use Authorization. It is indicated in 
patients with mild of moderate stage disease and with high 
risk of progressing to severe stage. Bamlanivimab is not 
licensed for patients who are hospitalized and require oxy-
gen therapy because it has not been demonstrated efficiency 
in this patients.

Regeneron is an antibody cocktail of casirivimab and 
imdevimab devised by Regeneron Pharmaceuticals com-
pany to defend against SARS-CoV2. It seems that this drug 
reduces viral levels and improves symptoms in non-hospital-
ized COVID-19 patients. The US Food and Drug Adminis-
tration (FDA) approved on 6/01/2021 the emergency author-
ization to use Regeneron as a drug against COVID-19. An 
exploratory analysis with 400 valuable people who were ran-
domized to receive Regeneron was performed. The results 
showed that the administration of this therapy achieved 
100% efficiency in the prevention of symptomatic infection.

Vaccines are important to eradicate SARS-CoV2 but 
there is a problem because this virus is mutating, and it has 
several strains, the English, first detected in England, the 
South African, and the Brazilian. Now, the English strain 
seems to be mutating into a new strain. This is of grand 
worry because it is not known whether the new vaccines 
designed for original SARS-CoV2 could work against 
mutant virus strains. For this reason, to reach a good treat-
ment for COVID-19 would be a good solution.

Actually there are six vaccines against SARS-CoV2:

Pfizer/BioNTech, the name of this vaccine is BNT162b2. 
It has been designed by the USA (Pfizer) and Germany 
(BioNTech) and reports 95% effectiveness in preventing 
symptomatic infections. This vaccine uses ARNm as anti-
gen; this is a mRNA against the Protein S of the virus.
Modern, designed by the USA, with 94% effective in pre-
venting symptomatic infections, but it seems that it is not 
actually for people over 65 years. This vaccine also uses 
ARNm as antigen. The name of this vaccine is ARNm-
1273. This vaccine is recommended for people 18 years 
old or older.
Sputnik V of Russia. This vaccine uses two common cold 
viruses, called adenovirus 5 and adenovirus 26, to trans-
port the genetic material forms the virus protein to the 
body.
Novavax: uses virus-like nanoparticles as base, which 
coat them with genetically modified pieces of the coro-
navirus proteins. It is 89.3% effective on average: 95.6% 
against the original coronavirus-19 and 85.6% effective 
against the variant first identified in the UK. It appeared 
to be less effective against a variant first identified in 
South Africa. This vaccine is in phase III. Preliminary 
data from this phase are based on the results obtained 
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in the UK with 15,000 volunteers and given an efficacy 
of 90% after the administration of two doses. Novavax 
is an American company that has reached an agreement 
with Biofabi, a subsidiary of the Zendal group, so that 
the Galician (Spain) company can produce its vaccines 
in Europe if it is accepted.
Oxford-Astrazeneca designed by England and Switzer-
land uses a viral vector and has an efficiency of about 
70%. This vaccine will not be administered to people 
older than 65 years. According to the later studies, this 
vaccine reduces the transmission of SARS-CoV2 and it 
seems that distancing the supply of the second dose to 
3 months increases its effectiveness. This vaccine has to 
be approved by the European Union (EU).

Johnson&Johnson: designed by USA, uses a viral vec-
tor and has 66% efficiency in global trial, but 85% effective 
against severe disease.

Sinopharm: designed in China, it uses the SARS-CoV2 
inactive by chemicals. Data on vaccine efficiency has not 
been published.

All then, except the Russian vaccine, are approved by the 
European Medicines Agency (EMA). The Russian vaccine 
is being used by Russia and other subAmerican countries 
and has recently been accepted by Europe and is pending 
acceptance by the EMA. The Sputnik V is 91.6% of effec-
tive in preventing symptomatic COVID-19 and 100% effec-
tive in preventing severe coronavirus disease according to 
an interning analysis of data from phase III trial published 
in the medical journal The Lancet.

Other drugs

Lei et al. [113] generated a recombinant protein (ACE2-Ig) 
that contains an ACE2 mutant with low catalytic activity. 
When these authors checked the inhibitory activities of the 
ACE2 fusion proteins against SARS-CoV2 comparing with 
those against SARS-CoV, they found that both SARS-CoV 
and SARS-CoV2 were potentially neutralized by ACE2 and 
mACE2-Ig. In mouse models, the administration of rhACE2 
shown inhibition of myocardial remodelling and also attenu-
ates angiotensin II-induced cardiac hypertrophy as well as 
dysfunctions—provoked by viral infection [114] or renal 
oxidative stress, inflammation, and fibrosis. rhACE2 could 
be an emerging way in regulating the rennin-angiotensin 
system [115] as well as in SARS-CoV2 treatment [116]. 
However, in human and mice, rhACE2 exhibits a fast clear-
ance, with a half-life of 1 h in human and mice [117]. From 
these results, some researches conclude that despite that 
ACE2 is a key functional receptor for coronavirus infection, 
practical use of the rhACE2 protein fusion may be impeded 
by the short half-life of rhACE2. However, there are other 
groups of research that consider that injection of human 

recombinant ACE2 (2hACE2) could be useful for treatment 
of acute respiratory distress syndrome (ARDS) as well as 
pulmonary arterial in human hypertension [118]. However, 
potential adverse effects as hypotension were reported in 
patients [119]. Recently, some authors reported that rhACE2 
could significantly inhibit SARS-CoV2 infection in Vero-E6 
cells and human capillary and kidney; these findings suggest 
that rhACE2 may not only reduce lung injury but also block 
entry of SARS-CoV2 in target cells. Taken together, these 
findings need to be confirmed in SARS-CoV2 clinical trials.

As the rhACE2 (recombinant ACE-2) treatment is not yet 
accurate, it would be necessary to explore new treatments. How-
ever, given the variety of symptoms, these treatments must be 
personalized. The asymptomatic patients do not need any medi-
cation since the immune system works properly and eradicates 
the virus. As inflammation is the most characteristic symptom 
of COVID-19, the use on anti-inflammatory drugs such as “cur-
cumin” or non-steroidal anti-inflammatory drugs could be a 
good treatment. Dexamethasone (DEX), a steroid corticosteroid, 
could promote immunosuppressive effects and this is detrimen-
tal for the immune system to eradicate the virus. Therefore, cor-
ticoid treatment may have adverse secondary effects [120]. The 
use of antiviral would be efficient if a specific antiviral against 
SARS-CoV2 existed; however, it seems that “remdesivir” seems 
to work relatively well in the case of SARS-CoV2; therefore, its 
administration could be applied.

The use of anticoagulants as aspirin or low molecu-
lar weight heparin in patients with altered coagulation is 
important especially in those patients with severe breath-
ing dysfunction that need a respiratory machine, since the 
coagulated blood decreases or even prevents the interchange 
between  CO2/O2 [121]. Coagulation may be a consequence 
of the inhibition of ACE2 by SARS-CoV2 when it enters 
the cell. Inhibition of ACE2 would increase angiotensin II 
accumulation, which binds to its AT1 receptor, and promote 
vasoconstriction, fibrosis, and proliferation. The administra-
tion of losartan (an AT1 antagonist) could be also a good 
treatment because this can prevent the formation of blood 
clots due to vasoconstriction. Administration of tissue plas-
minogen activator (t-PA) is another alternative since a study 
has reported beneficial effects in three infected patients by 
SARS-CoV2 [122].

Finally, the use of either synthetic monoclonal antibodies 
or from people who have suffered from COVID-19 can be 
a good therapy, at least at the beginning of the disease, to 
avoid a serious stage of it.

Conclusion

The treatment that should be given to a patient must be per-
sonalized taking into account the symptoms that he presents. 
First, the patient’s condition must be checked and if he still 
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does not have symptoms, it may be advisable to administer 
antivirals or antibodies to help the patient reduce his viral 
load.

If the patient has altered the coagulation parameters, the 
 O2 levels, and the thoracic plate, anticoagulants,  O2, and 
anti-inflammatories should be administered, because this 
would indicate that the virus is invading, at least, their lung 
cells. The used anticoagulants could be heparin, aspirin, or 
even plasminogen activator (t-PA) depending on the coagu-
lation stage of the patient. This treatment would prevent the 
blood clot and allow the blood to carry  O2/CO2 normally. 
Anti-inflammatories should be supplied because probably 
the patient can develop a cytokine storm, which leads to 
inflammatory responses. These treatments could be non-ste-
roidal anti-inflammatory as dexamethasone (DEX); DEX is 
also an immunitary depressor, but other anti-inflammatory 
like curcumin could promote anti-inflammatory responses. 
The supplied oxygen and its application will depend on the 
condition of patient/s. Recent papers discuss the possible 
connection between Parkinson diseases and COVID-19.
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