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Abstract: In late 2019, SARS-CoV-2 was transmitted from animal to human in China. Subsequently,
the virus spread rapidly throughout the world by human-to-human transmission and caused high
mortality the people with underlying diseases, especially hypertension. This virus binds to its receptor,
angiotensin-converting enzyme-2 (ACE2), via the S protein. ACE2 has a negative regulatory function
in the renin-angiotensin system (RAS) and degrades angiotensin 2 (Ang I1) as a vasoconstrictor which
causes blood pressure regulation. It also converts Ang Il to Angl-7, which has anti-inflammatory and
anti-oxidative effects. SARS-CoV-2 infection in patients with hypertension reduces ACE2 levels due
to virus binding, which decreases Ang Il degradation. Consequently, the complications associated with
hypertension are raised, and blood pumping from the lungs into the left atrium lowers. On the other
hand, the final product, Angl-7, is reduced, and its related anti-inflammatory activity is also eliminated.
The virus multiplies and damages lung cells, causing inflammation and edema of the lung tissue through
the function of immune cells and cytokines, which eventually leads to lung damage, reduced oxygen
delivery, and death. Careful care of patients with hypertension can prevent their infection and reduce
their death with appropriate oxygen therapy and possibly using exogenous ACE2 supplements.
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1. Introduction

Infectious diseases are a significant threat to human health, and the coronavirus
outbreak is the latest [1]. These are a large family of enveloped viruses with single-stranded
RNA and positive sense and the largest genome among RNA viruses [2, 3]. At the end of 5" is
about two-thirds of the coronavirus genome with overlapping open reading frames (ORF1a and
ORF1b). They are translated to polyprotein 1a (ppla) and pplab and cleaved by viral proteases,
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eventually producing non-structural proteins of the virus [4, 5]. The rest of the genome encodes
the structural proteins of the virus, such as spike (S), membrane (M), envelope (E), and
nucleocapsid (N) proteins [6]. Like the flu virus, coronavirus circulates in nature among
different species of animals. It includes the four significant genera alpha, beta, gamma, and
delta, in which alpha and beta can infect mammals, and gamma and delta can infect birds.
Among the coronaviruses that infect humans, beta can cause severe and even fatal diseases [7].
The six coronaviruses that infected humans were HCoV- 229E, HCoV- NL63, HCoV- OC43,
HCoV- HKUI1, SARS-CoV-1, and MERS-CoV. SARS-CoV-2 is the seventh coronavirus that
causes disease in humans [8]. Acute respiratory tract infection caused by SARS-CoV-2 is
spreading rapidly worldwide and has become a global concern [9]. SARS-CoV-2 infection,
called COVID-19, was first observed in December 2019 in Wuhan Province, China [10].
Preliminary studies showed that this virus was first transmitted from animal to human in a wet
store where seafood was sold; also, it can be transmitted from human to human [11]. SARS-
CoV-2 has many similarities to SARS-CoV-1 so that it is about 80% homologous [12], and the
SARS-CoV-2 receptor binding domain (RBD) is very similar to SARS-CoV-1 RBD, which
represents a common host cell receptor [13]. Both viruses can use angiotensin-converting
enzyme 2 (ACE2) as a cellular receptor to enter the host cell [6, 14]. The attachment of SARS-
CoV-2 spike protein to ACE2 is associated with proteolytic degradation of ACE2 by
transmembrane serine protease 2 (TMPRSS2) [15]. Since ACE2 is an enzyme in the renin-
angiotensin system (RAS) and also acts as a receptor for SARS-CoV-2, maybe there is a link
between that system and COVID-19. On the other hand, people with underlying diseases are
more at risk for COVID-19. The most common underlying diseases include cardiovascular
disease, high blood pressure, and diabetes [16]. People with such diseases typically use RAS
blockers such as angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin Il receptor
blockers (ARBSs) [17]. Hypertension as an underlying condition is associated with increased
COVID-19 mortality [18]. Given the high prevalence of hypertension and the use of RAS
blockers, it is speculated that hypertension may complicate the course of SARS-CoV-2
infection and exacerbate COVID-19. Therefore, the use of RAS blockers in patients with
COVID-19 or people exposed to COVID-19 is currently one of the topics of discussion. Thus,
this article investigated the relationship between high blood pressure and increased mortality
in patients with COVID-109.

2. Clinical Characteristics of SARS-CoV-2

Understanding the clinical signs of COVID-19 is essential. Although the diagnosis of
COVID-19 was complicated in the first stage due to the variety of clinical symptoms and
imaging findings, symptoms such as fever, cough, chest pain, sore throat, misophonia,
anorexia, myalgia, and fatigue are more common among COVID-19 patients [19]. Most
immunocompetent adult patients with COVID-19 have symptoms such as fever, respiratory
problems, and ground-glass lesions in the lungs. In severe cases of the disease, especially
among aged people and those with underlying disorders, in addition to pulmonary
insufficiency, symptoms such as diarrhea, dizziness, renal and hepatic dysfunction,
lymphopenia, thrombocytopenia, and high inflammation have been reported [18]. Individual
transmission and spread of SARS-CoV-2 on surfaces have been demonstrated by the nasal,
oral, and ocular secretions of an infected person in the case of SARS-CoV-2. Since the
incubation period of the disease caused by SARS-CoV-2 is 2-14 days, moreover, due to the
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high transmission power of this virus and the similarity of its symptoms to the common cold,
the transmission and the prevalence of the disease increases among people [20].

3. Hypertension

Hypertension is a chronic disease that is one of the most decisive cardiovascular risk
factors, which significantly increases the incidence of important events such as stroke,
Alzheimer's, heart attack, and heart and kidney failures. It is divided into primary and
secondary hypertension [21, 22]. About 90-95% of cases are of the type of primary one, without
any specific medical reason [23]. ACE2 plays an essential role in hypertension, modulating
blood pressure and maintaining homeostasis by negatively regulating RAS [24, 25]. ACE2 also
protects against acute respiratory distress syndrome (ARDS) and acute lung injury, in which
Ang Il is overproduced by converting Ang Il to Angl-7 [26, 27]. Therefore, ACE2 deficiency
and dysfunction can develop heart, kidney, and lung injuries [28]. In this regard, it can be said
that a decrease in ACE2 levels leads to high blood pressure and related complications.
Reducing ACE2 and subsequent increases in blood pressure can cause shortness of breath,
cough, and pulmonary edema. Pulmonary edema is due to inflammation of the lung tissue and
also due to left ventricular failure to adequately pump blood from the lungs into the arterial
system [29, 30]. The body's first line of defense against germs is innate and acquired. The
process starts when a person’s immune system faces foreign agents, and immune responses are
associated with blood pressure [31]. Activated immune cells are entered target organs by blood
pressure, such as blood vessels and kidneys, and the mediators released by these cells, including
reactive oxygen species, metalloproteinases, and cytokines, finally impair the function of the
target organs [32, 33]. Hypertension as a chronic disease indicates a pro-inflammatory
condition. This condition is exerted by increasing the expression of multiple mediators, such
as leukocyte adhesive molecules, chemokines, specific growth factors, endothelin-1, and
angiotensin [34]. There is ample evidence of changes in the immune system in hypertension,
which are associated with increased levels of immunoglobulin secretion and decreased T-
lymphocyte (T cell) count and function. T cells invade the lungs, kidneys, and tissues around
the arteries, where they release inflammatory cytokines, including interleukin 17A (IL-17A),
interferon-y (IFN-y), and tumor necrosis factor a (TNF-a). These factors could alter the
function of the organs and blood vessels and cause damage to the final organs [35, 36].
Therefore, it can be claimed that patients with high blood pressure are prone to various diseases,
including acute and chronic lower respiratory illnesses [37-39].

4. Renin Angiotensin System (RAS)

The RAS plays a role in controlling blood pressure and hydroelectrolyte balance
through the two pathways ACE/ Ang I/ angiotensin receptor 1 (AT1R) and ACE2/ Angl-7/
Mas receptor (Fig. 1) [40, 41]. ACE1 and ACE2 are RAS enzymes belonging to dipeptidyl-
carboxy dipeptidases and exhibit different physiological functions [17]. These two enzymes
are broadly spread in the human body, mainly found in the lungs, kidneys, heart, and blood
vessels. ACE2 is also present in the gastrointestinal tract [42]. Specifically, ACE2 is not an
ACE1 isozyme but a homologous enzyme [43]. Both of them are involved in the synthesis of
active components of RAS [44, 45]. When blood pressure drops, the prorenin produced by
juxtaglomerular cells in the kidney is converted to renin and enters the bloodstream, converting
angiotensinogen secreted by the liver to angiotensin I. Angiotensin | is converted to angiotensin
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Il by ACE1. Angiotensin Il is a peptide that increases blood pressure by narrowing blood
vessels (vasoconstriction) and has a pro-inflammatory role. It also stimulates the aldosterone
secretion from the adrenal cortical part. Aldosterone increases sodium and water absorption
from the renal tubules, thereby increasing blood volume and blood pressure. ACE2 exerts its
function by converting angiotensin 1 and 2 to the peptides Ang1-9 and Angl-7, respectively,
which Ang1-9 is also metabolized to Angl-7, with anti-inflammatory and antioxidant roles
[46-48]. If the renin-angiotensin system is abnormally activated, blood pressure will rise
excessively, Because the function of this system is different under normal and pathologic
situations, including when the cell is infected with the SARS-CoV-2 (Figure 1).
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Figure 1. The Renin-angiotensin system (RAS) is illustrated under normal and pathologic situations. In normal
situations (the left side), Ang Il is converted to Ang (1e7) by ACE2, which produces protection conditions. But,
in pathologic situations (the right side), Ang (1e7) is not synthesized enough, and Ang Il increases and binds to
ATIR, which causes the production of pro-inflammatory signals and other consequences, including increased
blood pressure.

5. SARS-CoV-1 and ACE2

SARS-CoV-1, a member of the coronavirus family, caused the SARS epidemic in
2002-2003. These viruses use ACE2 and TMPRSS2 receptors to enter the host cell (Fig. 2).
The viral spike protein is highly glycosylated and spreads on the surface of the virus, giving
the appearance of a crown-like to all of them, including SARS-CoV-1 and SARS-CoV-2, and
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is a significant factor in the virus binding and entering to the target cells (Figure 2) [6, 49]. In
SARS-CoV-1 infection, the attachment of spike protein to the ACE2 receptor causes down-
regulation of their expression. This action reduces Angl-7 and, consequently, lung damage
[50]. Thus, the clinical worsening of SARS-CoV-1 may be directly due to the cytopathic effects
of the virus or an excessive increase of cytokines. Compared with asymptomatic patients, high
levels of pro-inflammatory cytokines (IL-1, IL-6, IL-12, IFN-y, and transforming growth factor
B) and cellular mechanics regulator chemokines (CCL2, CXCL9, CXCL10) and IL-8 in
patients with SARS-CoV-1, with a severe clinical condition, has been observed [51, 52].
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Figure 2. SARS-CoV-2 life cycle and the importance of ACE2 and TMPRSS2 receptors in entering this virus
into the cell.

6. SARS-CoV-2 and ACE2

The attachment tendency of SARS-CoV-2 to ACE2 is 10-20 times higher than the
tendency of SARS-CoV-1 to this receptor. This can signify proper entry and replication and its
high transmissibility [15]. These receptors are expressed in almost all body parts to varying
degrees. The expression of the receptors in the respiratory system, mainly in alveolar type 2
epithelial cells, is more than the epithelial cells of the oral mucosa, nose, and nasopharynx.
This may be why the virus targets the lungs [53, 54].SARS-CoV-2 infection reduces ACE2
expression and its function, leading to an imbalance between ACE/Ang Il/angiotensin Il type
1 receptor (AT1R) and ACE2/Ang (1-7)/Mas receptor [50]. Due to the similarity of SARS-
CoV-1 and SARS-CoV-2 with each other, SARS-CoV-2 infection may also cause ACE2
downregulation at cell surface area, leading to decreased ACE2 activity and decreased Angl-
7 end product, causing loss of anti-inflammatory activity in infected organs such as the
respiratory tract [55]. The virus increases the expression of Ang Il, which stimulates cell
growth and proliferation of lung fibroblasts [56-58]. ACE2 level acts like a double-edged
sword, so increasing its expression may facilitate the COVID-19 probability of infection and
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increase the danger of COVID-19 severity and mortality [59, 60]. On the other hand, decreased
ACE2 expression causes pulmonary edema and disturbs lung function [26]. Binding of SARS-
CoV-1 and possibly SARS-CoV-2 to ACE2 increases the activity of disintegrin and
metalloproteinase domain-containing protein 17 (ADAML17), which is also called TNF-a
convertase. This enzyme can induce ectodomain shedding of ACEZ2, produce the soluble
receptors, on the one hand, reduce the cellular level of ACE2, and decrease the chance of the
virus invading the cell on the other hand [61-63]. The soluble form of ACE2 can theoretically
be effective in treating COVID-19 through two mechanisms of action: 1) neutralization of the
virus by binding the spike protein to the soluble ACE2, 1) minimizes damage to various organs
such as the lungs, kidneys, and heart. In a test performed after the injection of human
recombinant soluble ACE2, it was observed that the amount of Ang Il was significantly
reduced, and the amount of ACE2 products (Ang1-7 and Ang1-9) was also increased [64-66].

7. Relationship between Blood Pressure and COVID-19

COVID-19 in people with high blood pressure due to immune system disorders can be
associated with a more severe disease condition. The severity of COVID-19 is related to an
increase in cytokines; accordingly, an increase in IL-2, IL-6, and IL-7, granulocyte colony-
stimulating factor, CXC motif chemokine 10 (CXCL10), chemokine (CC motif) ligand 2
(CCL2), and TNF-a have been observed in these patients [67, 68]. These cytokines also play a
role in causing high blood pressure (Figure 2) [69]. Therefore, it can be claimed that the
increase of these cytokines in both hypertension and SARS-CoV-2 infection can make the
condition more difficult for COVID-19 patients with hypertension. Lymphopenia is one of the
hallmarks of COVID-19. On the other hand, the study shows that high blood pressure is also
associated with lymphocytes, so CD4" and CD8" T cells are reduced in patients with
hypertension [70, 71]. Increased generation of pro-inflammatory cytokines in this disease is
also an issue that can worsen the clinical condition of patients (Figure 2) [35]. Patients with
hypertension mainly use drugs such as renin-angiotensin system (RAS) blockers, p-blocker,
calcium channel blockers (CCBs), and diuretics. RAS blockers are primarily utilized as ACE
inhibitors (ACEISs) (such as enalapril) and Ang Il receptor blockers (ARBS) (such as losartan)
for the treatment of hypertension and other heart diseases [72]. With ACEIs, Ang | is increased,
and therapy with ARB significantly increases Ang Il levels, which can induce ACE2
expression levels and increase its activity in Angl-7 production, which can affect heart
function [42, 73]. Patients treated with ACEIs and ARBs have increased levels of ACE-II
expression in their cell membranes, which may increase the rate or susceptibility to SARS-
CoV-2 infection and the severity of the disease [68, 74]. On one side, reducing the level of this
enzyme in the cell can help to fight infection, but on the other hand, due to the bilateral role of
ACE2, the presence of this enzyme protects lung cells from damage caused by the virus by
increasing Angl-7[64]. Therefore, therapeutically, soluble exogenous ACE2 supplements
could theoretically be desirable for protection against COVID-19 because they could prevent
the interaction of SARS-CoV-2 with endogenous ACE2 [55].

8. Conclusions

It can be concluded that COVID-19 has more severe consequences in people with high
blood pressure, which due to the binding of the virus to ACE2, reduces its level in the body,
especially in the lungs, and increases Ang Il as a substance that narrows the arteries, and
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reduces Angl-7, as an anti-inflammatory. This condition results in increased inflammation and
lung damage, so by providing adequate oxygen to these patients and reducing inflammation,
mortality can be reduced.
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