Received: 4 August 2020 Revised: 1 September 2020 Accepted: 6 September 2020

DOI: 10.1002/cbf.3591

REVIEW ARTICLE

EIENEEREENEEN WILEY

SARS-COV-2 (COVID-19): Cellular and biochemical properties
and pharmacological insights into new therapeutic

developments

Hakan Parlakpinar | Mehmet Gunata

Department of Medical Pharmacology, Faculty
of Medicine, Inonu University, Malatya, Turkey

Correspondence

Hakan Parlakpinar, Department of Medical
Pharmacology, Faculty of Medicine, Inonu
University, Malatya, 44280, Turkey.

Email: hakan.parlakpinar@inonu.edu.tr

COVID-19 caused by SARS-COV-2 first appeared in the Wuhan City of China and
began to spread rapidly among people. Rapid progression of the outbreak has led to
a major global public health problem of a potentially fatal disease. On January
30, 2020, WHO declared the pandemic as the sixth public health emergency of the
world. Upon this, the whole country has started to take the necessary precautions.
The new coronavirus uses membrane-bound angiotensin-converting enzyme
2 (ACE2) to enter into the cells, such as SARS-CoV, and mostly affects the respiratory
tract. Symptoms of COVID-19 patients include fever (93%), fatigue (70%), cough
(70%), anorexia (40%) and dyspnoea (34.5%). The elderly and people with underlying
chronic diseases are more susceptible to infection and higher mortality. Currently, a
large number of drugs and vaccines studies are ongoing. In this review, we discussed
the virology, epidemiological data, the replication of the virus, and its relationship
with cardiovascular diseases on COVID-19 pandemics, treatment and vaccines.
Thereby, this study aims to neatly present scientific data in light of many regarding
literature that can be a clue for readers who research this disease prevention and

treatment.

Significance of the study

This review summarized current information on COVID-19 (epidemiology, patho-
physiology, clinical, laboratory, cardiovascular diseases, ACE2 and pharmacological
agents) for researchers and reveals guiding data for researchers, especially in the field
of cardiovascular system, pharmacology, dysregulation of cellular function in disease,
molecular and cell biology and physiology in the regulation of tissue function in

health and disease.
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1 | INTRODUCTION its characteristic crown-like appearance. The coronavirus subfamily is
genotypically and serologically divided into four different types: o, B, ¥

Coronavirus (Latin: Orthocoronavirinae) is a well-defined virus family and & coronavirus.®

that causes diseases in birds and mammals and constitutes one of the The coronavirus is also divided into four different viral subgroups

two subfamilies of the Coronaviridae family.® Human coronaviruses as A to D. Today, 30 different coronaviruses have been identified that

were first discovered in the late 1960s.2 It is named as corona due to infect humans, mammals, poultry, and other animals thus causing a
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variety of gastrointestinal, hepatic and neurological diseases, particu-
larly in the respiratory system.* In humans, coronaviruses cause some
cases of colds and respiratory infections that can be fatal, such as
severe acute respiratory syndrome (SARS), Middle East respiratory
syndrome (MERS) and Coronavirus disease 2019 (COVID-19). Other
types of symptoms are quite variable while they cause upper respira-
tory disease in chickens and diarrhoea in cows and pigs.®

To date, six total human coronaviruses have been identified:
HCoVs-NL63, HCoVs-229E, HCoVs-OC43, HCoVs-HKU1, SARS-CoV
and MERS-CoV.® When looking at history; in the past 20 years, two
major outbreaks have been identified, in which the transmission of
animal beta coronaviruses to humans has resulted in serious diseases.
In recent years, new viral infections have been detected periodically
in various countries. The first epidemic was observed in 2002 to 2003
as a result of the passage of a new coronavirus of bat origin to
humans through palm civet cats in Guangdong Province, China. This
virus, called severe acute respiratory syndrome coronavirus, affected
a total of 8422 people in China and caused 916 deaths (11%
mortality).”

Rapid economic growth in South China at that time caused an
increase in demand for proteins obtained from wild animals. Numer-
ous wild animals have been fed in crowded cages for this purpose. As
a result of the lack of biosafety procedures, it facilitated the transmis-
sion of the virus from animals to humans. Viruses similar to SARS-CoV
have been detected after the resumption of the wildlife market in
South China. Also, as a result of various mutations seen in these
viruses, it is thought that diseases like SARS may return and cause
various outbreaks.”®

The second epidemic event occurred approximately 10 years
later. In 2012, the Middle East respiratory syndrome coronavirus
(MERS-CoV) emerged from bat origin through a dromedary camel in
Saudi Arabia. It affected a total of 2494 people and caused 858 deaths
(mortality rate of 34%).2 All coronavirus outbreaks that have occurred
in history have spread easily and caused devastating consequences.
Not only did it affect people, but it also had huge losses to the econ-
omy. Nowadays, pandemic continues to affect all continents without
losing speed. In our review, we will discuss the history, virology, epi-
demiology, clinical features, prophylaxis, treatments and precautions
of SARS-CoV-2 infection.

1.1 | History of SARS-CoV-2

In late December 2019, a large number of patients with unknown cau-
ses of pneumonia were reported from a seafood market in Wuhan,
Hubei province, China.® The new coronavirus (SARS-CoV-2) has been
identified by local hospitals using the surveillance mechanism
established after the SARS outbreak that emerged in 2003 and aimed
at the rapid identification of new pathogens.’

This coronavirus was originally called the 2019 new coronavirus
(2019-nCoV) by the World Health Organization (WHO) on January
12, 2020. The Coronavirus Working Group (CSG) of the WHO and
International Committee proposed to call the new virus SARS-CoV-2
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on February 11, 2020. As a result of the samples taken from the
patient, the genome sequence of the SARS-CoV-2 was isolated on
January 7, 2020, by Chinese scientists in a short time.’® WHO
announced on February 11, 2020; that “COVID-19" will become the
official name of the disease. Tedros Adhanom Ghebreyesus, chief of
the WHO, said the epidemic meant “ko,” “corona,” “vi” for “virus” and
“d” for “disease” as first described on December 31, 2019. Such a
name has been chosen to avoid stigmatizing a particular region, animal
species or human.'!

The Wuhan strain has been identified as a new betacoronavirus
strain with about 70% genetic similarity from group 2B to SARS-CoV.*? It
is suspected that the virus has a 96% similarity to a bat coronavirus and is
also caused by bats.'® Researchers identified a patient infected with the
2019-nCoV virus in Thailand, Japan, and Korea on January 13, 16, and
21, respectively . A total of 314 patients were detected on January
22, 2020, and 6 patients were reported to have died.™*

The infection, which started to spread first in China and then in
nearby countries, spreads to most countries later on. The epidemic soon
reached an international dimension, affecting the whole world. As a resullt,
the WHO considered COVID-19 as an international public health prob-
lem and declared it as a pandemic on January 30, 2020.2° Studies have
shown that the basic reproductive number (RO) of SARS-CoV-2 is approx-
imately 2.2 or more (1.4-6.5) and, unfortunately, the outbreak is rapidly
growing among the people.!® As of August 21, 2020, at least 789.117
deaths have been confirmed due to new coronavirus infection, and more
than 22.536.278 have been infected.l” The outbreak resulted in travel

restrictions and crashes across the country in many countries.

1.2 | Virology of SARS-CoV-2

It is well known that virus particles have a diameter of around
120 nm. The envelope of the virus in electron micrographs appears as
a distinct pair of electron-dense shells.*® Coronaviruses are single-
stranded RNA virus genomes with the largest known viral RNA
genome, ranging in size from 26 to 32 kilobases.!” The virion consists
of genomic RNA embedded in phospholipid double layers and coated
with two different types of nucleocapsid protein (N). The membrane
(M) protein (a type Ill transmembrane glycoprotein) and the envelope
(E) protein are among the surface (S) proteins in the virus envelope.?°
The cellular structure of the SARS-CoV-2 and its interaction with the
target cell is shown in Figure 1. In particular, beta coronavirus sub-
group A members also have a shorter spike-like surface protein called
hemagglutinin esterase (HE).! The lipid bilayer envelope protects
membrane proteins and the nucleocapsid of the virus while outside
the host cell.?*

Human coronavirus infections are caused only by a and f cor-
onaviruses.'? CoVs are very common and approximately 30% to 60%
of the population in China has anti-CoV antibodies.?° The virus can
survive at least 2 to 3 days on dry surfaces and 2 to 4 days in faeces
at room temperature.?? S protein is involved in the binding and entry
of the host cell. Therefore, it is the main target for neutralizing anti-

bodies and antiviral peptides.?®
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2 | EPIDEMIOLOGY

COVID-19 has become a major pandemic, increasingly and tending to
be in clusters. The first documented epidemic occurred in Wuhan,
China.?* Since December 2019, unexplained cases of pneumonia
linked to a seafood-selling market in Wuhan, China, Hubei province
have been reported in a row. As a result of the further tests and ana-
lyses, it was concluded that these cases were an acute respiratory
infection caused by a new coronavirus. The epidemic, which first
appeared in China and its neighbours, spread to other countries in a
short time and turned into a big epidemic. The fact that it was later
seen in people who are not affiliated with Wuhan shows that the out-
break has increased.?

As a result of further analysis and confirmations, COVID-19 has
already exceeded the number of cases confirmed in 2003. The fatality
rate of cases reported in China is less than 4%. Accordingly, this new
type of coronavirus-induced pandemic shows that the lethality rate is
lower than SARS-CoV (fatality rate: 10%) and MERS-CoV (fatality
rate: 37%).2° The case fatality rate varies depending on the availability
of health care, the age of the population, the co-morbidities and the
number of undiagnosed persons. Preliminary research shows that the
rate of case fatality rate varies between 2% and 3%.%”

FIGURE 1 The cellular structure of
the SARS-CoV-2, and its interaction with
the target cell

According to the latest data, the cumulated attack rate (CAA) of
this outbreak in China has been reported as 0.11%. However, the new
type of coronavirus, which is the same as the transmission pathway of
H1N1 influenza, is approximately 50 times higher than influenza. All
these data show the importance of the intensive quarantine and social
removal measures taken by the Huibei government.2® According to
the analysis of the data from the epidemic in China in mid-January
2020, the increasing incidence trend has been shown to largely follow
exponential growth. As a result of the conducted studies, it was deter-
mined that the average number of RO of the epidemic was 2.24 to
3.58 and it was associated with a 2 to 8-fold increase in the reporting
rate.?? According to another study based on data between December
31, 2019 and January 28, 2020 the RO value was found to be 2.68,
and it was found that the epidemic's doubling time was 6.4 days.*°
The incubation period for COVID-19 and indirectly in the asymptom-
atic period was found to be as 2.1 to 11.1 days.>!

New updates are being released for the COVID-19 outbreak day
by day, and the available data show that the outbreak has great
spreading potential. As of January 22, 2020, 571 COVID-19 cases
were reported in 25 provinces in China.3>2 The Chinese National
Health Commission shared details of the first 17 deaths by January
22, 2020. Another report from January 24, 2020, stated that the
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cumulative incidence in China is estimated to be 5502 cases.®® On
January 30, 2020, 7734 cases were detected in China; also 90 new
cases were obtained from Taiwan, Thailand, Vietnam, Malaysia, Nepal,
Sri Lanka, Cambodia, Japan, Singapore, Republic of Korea, United
Arab Emirates, United States, The Philippines, India, Australia, Canada,
Finland, France, and Germany Reported from countries other than
China. According to the data obtained from all cases, the mortality
rate was declared as 2.2% (170/7824).3* The detection of the first
case of COVID-19 infection in the United States paved the way for
great progress in both diagnoses, symptoms, and treatment of the dis-
ease. Also, COVID-19's first human-to-human transmission case was
reported in the United States on January 30, 2020.3° The importance
of screening has increased due to the transmission of human to
human. For this reason, the Centres for Disease Control (CDC) has
scanned more than 30 000 passengers coming to the US airports for
the coronavirus and is still scanning.35 As a result of the studies, it has
been shown that there is a regular increase in the total number of
COVID-19 cases in the US and out of China. COVID-19, which is seen
in all countries of the world today, has been observed most in the
USA (n = 5.477.305). The second country with the highest number of
patients in Brazil (n = 3.456.652). Also, United States (n = 172.033) is
the first country with the highest deaths, whereas Brazil (n = 111.100)
is the second country with the highest deaths. While the outbreak ini-
tially affected Western Pacific Region countries such as China and
South Korea, today the centre of the epidemic has become the
European continent. According to the Taiwan CDC data in a study of
45 167 cases, the COVID-19 mortality rate was found to be 2.5%.3¢
Various studies were started to understand the source of the pan-
demic in a short time. On January 12, 2020, a large number of samples
were taken from the wild animal market in the seafood market. As a result
of the PCR study on the samples, 33 of 585 samples were tested positive
because they contain 2019-nCoV and the virus was successfully isolated
from positive samples. As a result of the study, it suggested that the virus
was caused by wild animals sold in the seafood market in South China.>”
The quarantine process was initiated in a short time and the epidemic was
kept under control with great devotion. Later, in a study published in Lan-
cet, they examined the first 41 infected patients hospitalized between
December 16, 2019 and January 2, 2020. An epidemiological relationship
was investigated between the first patient and subsequent cases, how-
ever; they concluded that there was no relationship. Also, since 13 out of
41 cases showed that they were not affiliated with the market, it was
thought that the epidemic source would not be the seafood market
solely.®® As of August 21, 2020, at least 789.117 deaths have been con-
firmed due to new coronavirus infection, and more than 22.536.278 have

been infected.'”

2.1 | Ageandsex

Most of the COVID-19 cases reported in Wuhan in the early days of
the outbreak were adult patients.®* According to the study on corona-
virus infection and published in the Lancet, the median age of patients

is 49 years. In another study involving a total of 4021 patients in

30 different cities of China, the average age group of the people who
got the disease was found to be 49, and half of the patients were
found to be between the ages of 20 to 50.*° Similarly, the New Coro-
navirus Pneumonia Emergency Response Epidemiology Team in China
reported that 66.7% of 44 672 COVID-19 cases of varying severity
were between the ages of 20 to 60.*! Two different epidemiological
studies: these have been shown that 153 (15.1%) patients are
265 years old and 407 (10.1%) patients are >70 years old.*? According
to a study on children with COVID-19; only 9 (0.9%) patients showed
that they were between the ages of 0-14. In another study, only
14 (0.35%) patients were reported to be <10 years old. According to
the largest study in China, only 0.9% (n = 416) of patients were shown
to be in the <10 age group.*! Also, a study showed that 9 infants
under the age of 1 are infected with SARS-CoV-2 in China.*!

According to the analysis conducted among COVID-19 patients
in the United States; showed that the fatality rate was 10% to 27% in
the age group 285, 3% to 11% at the age of 65 to 84, 1% to 3% at the
age of 55 to 64, <1% at the age of 20 to 54. Also, deaths have not
been observed in people aged <19.4% According to studies investigat-
ing the gender distribution of coronavirus infection, more than half of
the patients are males. Studies show that 51.4% to 73.2% of patients
diagnosed with COVID-19 are male.** Another study found that 73%
of patients with SARS-CoV-2 infections were male.*? Studies have
found that the male/female mortality rate is 3.25:1 and the median
age of death is 75. The same study showed that the time from the
first symptom to death was an average of 14 days, and this period
was 20 days the age of <70, but this period was shortened to
11.5 days 270 age. This suggests that the disease can progress faster
in the elderly than young people.*®

The rapidly growing epidemic has affected the whole world. For-
tunately, there was no evidence of intrauterine infection caused by
vertical conduction in women diagnosed with COVID-19 pneumonia
late in pregnancy.®® It is thought that healthcare workers constitute a
large risk group due to the transmission from person to person. There-
fore, according to two different studies; 2.1% (n = 23) and 3.8%

(n = 1716) of those infected are healthcare professionals.*>*”

2.2 | Risk factors

Although the risk factors of COVID-19 are uncertain, a large number
of studies show that a significant proportion of patients have underly-
ing risk factors or co-morbidity.*** A study conducted to determine
risk factors; it has been shown that 50.5% of patients with SARS-
CoV2 pneumonia have cardiovascular diseases and 40.4% of patients
have cerebrovascular diseases.3’ At least one disease was shown in
23.2% (n = 255) of 1099 patients with acute respiratory distress syn-
drome associated with SARS-CoV-2 infection. Especially hypertension
(14.9%) and diabetes mellitus (7.4%) were found as common in these
patients.** In another study, varying degrees of hypertension
(n = 2.683, 12.8%) was found more than diabetes mellitus (n = 1.102,
5.3%), and in the third place was cardiovascular disease (n = 873,

4.2%)*' As a result of studies conducted that patients with severe
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COVID-19 disease have more co-morbidities than mild patients
(37.6% vs 20.5%).4

Studies to determine risk factors have led to the appearance of
various data. First, it was shown that most of the patients with
COVID-19 consist of middle-aged or elderly patients, and fewer of
them are children. Because risk factors or co-morbid diseases are less
in children.*” Second, men with COVID-19 have a higher prevalence
than women. Third, SARS-CoV-2 infection can also be transmitted to
healthcare professionals and hospitalized patients in a hospital setting.
Finally, at least 20% of COVID-19 cases have an underlying disease.
Also, underlying disease and risk factors are more common in severe

cases.*®

3 | REPLICATION AND PATHOGENESIS

It is well known that the cell receptor for SARS-CoV, angiotensin-
converting enzyme 2 (ACE2), is found in human lower airways.*? It
regulates both cross-species and human-to-human transmission.>® To
treat COVID-19 infection, first of all, its pathophysiology must be clar-
ified absolutely. Studies on this subject have been done fastly.
Bronchoalveolar lavage studies on patients have confirmed that
SARS-CoV-2 uses the same cellular entry receptor ACE2 as SARS-
CoV. Subsequent studies have shown that virion S-glycoprotein on
the coronavirus surface can bind to ACE2 in the membrane of human
cells.>* S glycoprotein is divided into two subgroups as S1 and S2 2.
S1 mainly identifies the virus-host range and cellular tropism. In con-
trast, S2 also exerts virus-cell membrane fusion. Fusion occurs by
binding of the virus to the ACE2 receptor in the human cell mem-
brane. The viral genome RNA is then released into the cytoplasm.
Uncoated RNA enables the production of two polyproteins, ppla and
pplab, that encode non-structural proteins and form a replication-
transcription complex (RCT) in the double membrane vesicle.>®> RCT
then replicates the subgenomic RNA encoding accessory and struc-
tural proteins.54 Through newly formed genomic RNA, endoplasmic
reticulum, Golgi organelles, nucleocapsid proteins and envelope glyco-
proteins are also synthesized, and viral particle buds are formed.>®
The vesicles containing the synthesized virion fuse with the plasma
membrane and come out of the cell. The step between the SARS-
CoV-2 Spike glycoprotein and the ACE2 receptor is the most critical
point from the entry of the virus into the cell. Therefore, research on
this relationship and affinity is still ongoing. The high affinity of S pro-
tein to human ACE2 can facilitate the spread of SARS-CoV-2 in
human populations. In contrast, it has been reported that SARS-
CoV-2 does not use other coronavirus receptors such as aminopepti-
dase N and dipeptidyl peptidase 4 (DPP4) to enter cells.>®

As a result of the structural analysis, it has been shown that the S
protein of SARS-CoV-2 binds the ACE2 receptor with approximately
10 to 20 times higher affinity of SARS-CoV.>” In sum, similar to SARS-
CoV, SARS-CoV-2 also uses ACE2 as a cell entry receptor.®® This indi-
cates that SARS-CoV-2 can share the same life cycle as SARS-CoV.
Cleavage of the trimer S protein for SARS-CoV facilitates membrane

invagination for SARS-CoV-2 endocytosis, which is thought to be

triggered by cell surface-associated transmembrane protease serine
2 (TMPRSS2) and cathepsin.>® Current research shows that SARS-
CoV-2 is easily transmitted; however, it can cause less serious human
infections than SARS-CoV. Detection of viral binding and entry molec-
ular mechanisms may explain the potential treatment and prophylaxis
of SARS-CoV-2.

Histopathological changes in lung tissue in the SARS-infected
cases appear to have non-specific inflammatory responses in the
region such as oedema and inflammatory cell infiltration. It is also seen
that there are serious exfoliation and serious damage in the alveolar
septa. Pathologically, there are some non-specific findings including
necrosis, infiltration and hyperplasia. Therefore, SARS-CoV infection
is thought to cause these changes in lung tissue. SARS and MERS
pathologies are not yet fully understood. Also, viral and host factors
play a key role in SARS-CoV, and MERS-CoV infections.>® Various
immune system circumstances in the host react against the virus dur-
ing infection. Pulmonary tissue damage results in functional impair-
ment and decreased lung capacity as a result of the immune system
overreacting and out of control.?® The insufficient or excessive
response of the immune system may increase viral replication and
cause tissue damage.®® The main pathological processes in the out-
break of COVID-19 are the uncontrolled overreaction of the immune
system. Increased cytokines in the respiratory tract and blood cause
the acceleration of pathological processes and damage to many tis-
sues and organs, especially pulmonary tissue.

As a result of scientific studies on patients infected with COVID-
19, it was found that there was an increase in leukocyte count, plasma
pro-inflammatory cytokine levels and abnormal breathing findings.?®
Significantly high blood levels of cytokines and chemokines were
noted in patients with COVID-19 infection that included IL1-f, IL1RA,
IL7, IL8, IL9 and IL10.° Studies on the potential mechanisms and
pathogenic mechanisms of SARS-CoV-2, which have a high level of

transmission while thankfully low mortality, are still ongoing.

4 | CARDIOVASCULAR DISEASES, ACE2
AND SARS-COV-2

ACE2 is an enzyme bound to the cell membranes of the outer surface
tissues in the lung, artery, heart, kidney and intestine.®? It lowers
blood pressure by catalysing the conversion of Ang 1 peptide
(a vasoconstrictor) to Ang (1-7), which is known to have a vasodilating
effect.®®> ACE2 has become a promising drug target in the treatment
of cardiovascular diseases, both by increasing Ang (1-7) and by reduc-
ing the amount of Ang II, reducing its activity on the AT1 receptor.®*
The extracellular part of ACE2 is broken into another water-soluble
form by another enzyme known as sheddase, which is released into
the blood and excreted in the urine.®

The classical renin-angiotensin system (RAS) pathway, which reg-
ulates the level of Ang Il hormone, has affected many pathways, both
the intracellular and extracellular pathways to keep many systems in
balance, including the cardiovascular system. The important role and

basic components of RAS in cardiovascular and kidney diseases were
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discovered in the early 1970s.%¢ It has been highlighted in many stud-
ies that RAS causes the emergence and progression of many cardio-
vascular diseases such as hypertension, atherosclerosis and heart
failure.®” In particular, ACE, angiotensin Il receptors (ATR), and renin
blockers are among the current drug treatments frequently used in
the treatment of diseases such as hypertension, heart failure, and dia-
betic nephropathy.®”¢® In addition to ACE, which Ang | to Ang II,
there is also a serine protease enzyme, carboxypeptidase, chymase,
and cathepsin G. It consists of Ang Il aminopeptidases and Ang lll,
Ang IV and Ang (1-7). It is stated that Ang (1-7) has protective effects
on vascular tissue.®’ It is also reported that ACE2 provides Ang (1-9)
formation. It is also stated that this pathway may be the counter-
regulator of Ang Il formation through ACE which is dipeptidyl-car-

boxypeptidase, also known as kininase 11.%¢

Ang Il is formed by the
destruction of Ang | with ACE and can be broken down into Ang llI
and Ang IV with aminopeptidase enzymes. It plays an important role
in the regulation of blood pressure, salt, water and vascular homeosta-
sis and is involved in the physiological and pathological processes of
the vascular wall. Although its main effect is in vascular smooth mus-
cle cells, it can also be shown by binding to ATRs found in endothelial
cells.”®

It is stated that ATR1-mediated effects cause pathological pro-
cesses such as hypertension, atherosclerosis, thrombosis and inflam-
mation, whereas binding to ATR2, Ang Il increases NO release and
vasodilation, reduces cell proliferation and growth.”* ACE2 shows
42% sequence identity and 61% sequence similarity with ACE. How-
ever, ACE2 activity is not inhibited by ACE inhibitors because the
active site of the enzyme in which the S2 pocket is smaller than that
of the ACE.”? Later studies show that Ang | is hydrolysed very slowly
by ACE2, while Ang Il hydrolyses to Ang (1-7) with the highest cata-
lytic efficiency seen for any of the angiotensin peptides.”? However,
ACE2 is not the only metabolic pathway to the production of Ang
(1-7), which can also be produced directly from Ang | by neprilysin
(NEP), and other peptidases (prolyl endopeptidase and thimet
oligopeptidase) also synthesize Ang (1-7). Studies on ACE2 knockout
mice have shown that mice develop cardiomyopathy and thereby car-
diac problems occur. This circumstance indicates the importance of
ACE2 activity for cardiovascular diseases.”® It is well established that
renal ACE2 gene expression is significantly found as reduced in spon-
taneously hypertensive rats. This result may reflect the importance of
ACE2 activity in hypertension disease.”® The definition of ACE2 is
important for the prevention of hazardous effects of Ang Il on the
AT1 receptor, such as fibrosis, vasoconstriction and migration. Studies
on the beneficial properties of Ang (1-7), which increases as a result
of ACE2 enzyme activity, are ongoing. On the other hand, in a report
on this issue, Ang (1-7) levels have been shown to decrease in patients
in case of heart failure.”*

Ang (1-7) infusions have been found to reverse cardiac dysfunc-
tion and correction of vascular endothelial dysfunction. As a result;
Ang (1-7) increased due to the activity of ACE2 was thought to have a
cardioprotective effect.”® Ang (1-7) has been shown to have antiar-
rhythmic effects in experimental study after myocardial infarction.

Due to the increase of ACE2 activity in the necrosis region, the level
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of Ang (1-7) increased to the emergence of protective factors and
tried to reduce inflammation.”® Increased plasma Ang (1-7) levels and
cardiac ACE2 mRNA levels were demonstrated as a result of the
administration of losartan or olmesartan for 28 days after coronary
artery ligation.”®

As a result of recent studies, alamandin, synthesized from
angiotensin A by ACE2 action, has been shown to have beneficial
effects through a Mas-associated gene receptor (MrgD).”” Physio-
logical effects of the RAS and its interaction with SARS-CoV-2 are
shown in Figure 2. Also, ACE2 acts as a functional receptor for cor-
onaviruses, including SARS-CoV and SARS-CoV-2.5? Patients exert
some symptoms affecting the various system, especially the respi-
ratory system, and these symptoms may be more severe in the
population where the ACE2 level is higher compared to healthy
individuals. According to the studies published on this subject, the
safety and potential effects of antihypertension treatment with
ACE inhibitors or ARBs in patients with COVID-19 require careful
consideration. However, it is still controversial whether COVID-19
and patients with hypertension who take ACE inhibitors or ARBs
will switch to another antihypertensive drug.”® ARBs, which have
become the most widely used antihypertensive drug class, are typ-
ically known to increase ACE2 expression by 2-5-fold.”? In the
COVID-19 pandemic, there are no clear views on whether the risk
of infection increases if certain antihypertensive drugs, such as
ARB, are used.®°

4.1 | Patients receiving ACE inhibitors/ARBs
Patients receiving ACE inhibitors or ARBs should continue their treat-
ment with these agents. Many guidelines state that these medications,
previously prescribed for their illness, such as hypertension, should be
continued.828> There are speculations in various social media that
COVID-19 patients taking these agents may be at high risk for nega-
tive results.”® It is known that ARBs can increase ACE2 levels because
it is a receptor for SARS-CoV-2.4° However, there is no study to sup-
port the increase of infection with SARS-CoV-2 due to the use of
these drugs in patients with cardiovascular disease, hypertension, and
diabetes mellitus. It should not be forgotten that stopping these
agents in some patients may cause exacerbation of serious diseases
accompanying cardiovascular or kidney disease and increase
mortality.8¢

4.2 | Patients taking an immunomodulating agent

COVID-19 infection is known to have a more severe clinical course in
immunocompromised patients who have increased the risk of infec-
tion. However, patients should not stop immunomodulatory medica-
tions themselves and the necessary treatment plan should be done
under the control of their physicians. COVID-19 patients who should
use antihypertensive drugs should continue to use these drugs. Also,

if the drug is stopped and given later, it may cause a decrease in the
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treatment response. This view is supported by statements from Amer-
ican and other dermatology, rheumatology and gastroenterology

societies.5”-7°

4.3 | Uncertainties regarding using non-steroidal
antiinflammatory drugs

Non-steroidal antiinflammatory drugs (NSAIDs) early in the disease
course may have harmful to disease outcomes.” These concerns have
been raised by reports from a small number of patients who received
early NSAIDs during infection and experienced severe disease. It
should also be known that the anti-inflammatory properties associ-
ated with NSAIDs are only at the theoretical level, which may impair
the patient's immunity. Due to these concerns, it was mentioned to
use acetaminophen without anti-inflammatory properties instead of
NSAIDs to reduce fever and algesia. However, both the European
Medicines Agency (EMA) and WHO do not recommend avoiding
NSAIDs clinically.?>%4

44 | COVID-19 and cardiovascular disease (CVD)
When looking at the patterns of patients with COVID-19 infection, it
is an undeniable fact that cardiovascular experts have very important
duties. The infection can directly affect CVD. Also, pre-existing CVD
may be susceptible to infection. Current data suggest that patients
with CVD may experience negative results after catching this infec-
tion.?> Coronavirus outbreaks and cardiovascular risks are shown in
Table 1.7¢ It is known that drugs, which are potential treatment agents
for COVID-19 infection, also have serious side effects on the cardio-
vascular system. For this reason, the cardiovascular system should not
be ignored in COVID-19 patients; also, these patients with CVD
should be closely monitored.

TABLE 1 Coronavirus outbreaks and cardiovascular risks

Cardiovascular

Outbreaks  manifestations Outcomes
SARS Hypotension, tachycardia, Mostly transient
bradycardia,
cardiomegaly and
arrhythmia
Cardiac arrest Death
Sub-clinical diastolic Reversible on clinical
impairment without recovery
systolic involvement on
echocardiography
MERS Acute myocarditis and Recovered
acute-onset heart failure
COVID- Myocardial injury Four patients required

19 (manifesting with intensive care
increased high sensitivity
cardiac troponin 1) in five

patients

Most patients required
intensive care

Acute cardiac injury, shock
and arrhythmia

4.5 | Prevalence of CVD in COVID-19 patients

It should be noted that the frequency of CVD occurrence in these
patients will not be clear since it is very difficult to test all COVID-19
patients. This causal prevalence varies from region to region. Data in
the current literature suggest that there is a relationship between pre-
existing CVD and severe COVID-19. In a meta-analysis study on 1527
patients with COVID-19, it was found that these patients previously
had hypertension (17.1%), cardiac/cerebrovascular disease (16.4%)
and diabetes mellitus (9.7%).°” Patients who need to be admitted to
the intensive care unit (ICU) are more likely to have these co-

morbidities than those without ICU. In a study involving 44 672
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COVID-19 cases, it was found that CVD (10.5%), diabetes mellitus
(7.3%), hypertension (6.0%) were more common. The fatality rate in
these patients was higher than other patients and reported as 2.3%.7¢
Although there are differences between studies, patients with CVD
are thought to have a higher risk group for COVID-19.7° These find-
ings appear to be higher in patients with co-morbid such as CVD, not
only in China but also in Italy.”® As emerging international data are
available, analyses from multinational groups can help report the risk
classification for serious illness, especially for patients with previous
CVD. Increased frequency of adverse CVD events after COVID-19; it
shows that it can play a complex and multi-factor role in prognosis,

similar to other viral infections such as influenza,*%%101

4.6 | Cardiovascular sequelae associated with
COVID-19

In this section, we will discuss the CVD that may occur due to
COVID-19. According to larger studies and some available reports,
this infection is thought to cause cardiac problems or exacerbate the

existing disease.”®

4.6.1 | Myocardial injury, myocarditis and acute
coronary syndromes

These cardiac problems can occur in case of severe respiratory infec-
tion or especially severe infection and acute respiratory distress due
to COVID-19 infection. Serum troponin levels increased in many
patients infected with COVID-19 and it was found that those who
died due to this disease had higher levels of troponin than those dis-
charged.’®? In a meta-analysis of four studies involving a total of
341 patients, severe COVID-19 related disease was found to be sig-
nificantly higher in serious patients than in non-serious patients.%®

Given the limited high-quality data and heterogeneity of descrip-
tions in studies, standardized data collection methods are rec-
ommended using the latest myocardial infarction definition.1%*
Previous studies in other coronavirus species (MERS-CoV) have dem-
onstrated evidence of acute myocarditis using cardiac magnetic reso-
nance imaging, and myocardial inflammation and damage have been
reported with COVID-19 infection.’®® In a case series of 150 patients
with COVID-19, it was shown that 33% of 68 deaths were due to
myocarditis.1®> Other reports have found that a large amount of
inflammatory mononuclear infiltrates are present in the myocardium
of patients with COVID-19.1% Although pericardial involvement has
not been reported yet, studies on the subject are needed.

All these data suggest that it may cause pathological cardiac con-
ditions such as myocardial infarction due to COVID-19 infection in
both China and non-China regions. This issue should not be ignored.
As the virus continues to infect patients with cardiovascular risk fac-
tors, acute coronary syndromes due to COVID-19 appear likely to
develop. The most important mechanism in the emergence of myocar-

dial damage is the disruption of the balance between T1 and T2
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helper cells. As a result, a cytokine storm appears and causes respira-
tory dysfunction and hypoxemia thereby myocardial tissue is dam-
aged.3® Guidelines need to be followed for further advice on the care
and treatment of COVID-19 patients with myocardial injury, myocar-

ditis and acute coronary syndromes.

4.6.2 | Cardiac arrhythmia and cardiac arrest

Cardiac arrhythmias are another common CVD described in patients
with COVID-19 infection. A study has shown that 7.3% of
137 patients admitted to the hospital for COVID-19 disease have
heart palpitations.2®” Another study in China found that 16.7% of
138 COVID-19 patients hospitalized had cardiac arrhythmias. The
types of arrhythmia in patients have not yet been specified.1%® It is
thought that metabolic disorder, hypoxia, neurohormonal or inflam-
matory stress-related arrhythmia have developed due to viral infec-
tion with or without CVD.

4.6.3 | Cardiomyopathy and heart failure

In a study on heart failure, 23.0% of COVID-19 patients reported
heart failure. Remarkably, it has been shown that heart failure is
greater than acute kidney damage. Also, outpatients have been shown
to develop more heart failure than patients in the hospital (51.7% vs
11.7%).7° The cause of heart failure is thought to occur as a result of
an exacerbation of pre-existing left ventricular dysfunction due to

myocarditis, however; this issue is not clear.1?

4.6.4 | Venousthromboembolic disease
COVID-19 patients likely have an increased risk of venous thrombo-
embolism. Until now, there are no case series, however; abnormal
coagulation parameters have been reported in patients with severe
COVID-19 infection.!1° In a multicentre study in China, a strong cor-
relation was found between high D-dimer levels (>1 g/L) in COVID-
19 patients.*? In another study on patients with COVID-19 infection,
patients have been shown to have high p-dimer and fibrin degradation
products. In this study, it was also seen that 71.4% of patients had dis-
seminated intravascular coagulation (DIC).**? Thromboembolic dis-
eases should be considered in cases of hypoxia, hemodynamic
instability in patients with COVID-19, or worsening of clinical symp-
toms. The most appropriate prophylactic regimen for patients under
observation due to COVID-19 related disease is unknown. For this
reason, treatment protocols should be planned by following the cur-
rent guidelines.!*3

As a result of the studies, the importance of the relationship
between COVID-19 and CVD is increasing day by day. Therefore,
patients should be followed up in terms of CVD. In this process,
planning the treatments is required by following the current

guidelines.
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5 | CLINICAL AND LABORATORY
FINDINGS

As a result of analyses, the pneumonia symptoms caused by SARS-
CoV-2 in Wuhan have started to become clear.*? When the clinical
findings of 278 patients with SARS-CoV-2 pneumonia were investi-
gated, it was reported that all patients were older than 18 years old
and 61.9% were men. As a result of studies on the clinical symptoms
of COVID-19 patients, the most common symptom in patients was
fever (92.8%; n = 258). Other symptoms include cough (69.8%;
n = 194), dyspnoea (34.5%; n = 96), myalgia (27.7%; n = 77), headache
(7.2)%; n = 20) and diarrhoea (6.1%; n = 17). Also, only 4.0% of
patients with relevant clinical information had rhinorrhoea, 5.1% sore
throat and 17.4% pharyngalgia.l* COVID-19, immune system
response and symptoms are shown in Figure 3.

According to the data obtained from a study containing 1099
cases, the most common symptom was detected as fever (88.7%) and
this result was confirmed by a laboratory. Other symptoms were
cough (67.8%), fatigue (38.1%), sputum production (33.4), shortness
of breath (18.6%), sore throat (13.9%) and headache (13.6%).**° Also,
some patients were gastrointestinal symptoms such as diarrhoea
(3.8%) and vomiting (5.0%). Although the patients' laboratory findings
generally were normal white blood cells, 56.8% (n = 158) of the
patients have leukopenia.*?> Nevertheless, in severe patients, neutro-
phil count, p-dimer, blood urea and creatinine levels were found as

significantly high, and lymphocyte counts were begun to decrease.*®
According to the laboratory results obtained from COVID-19

patients, it was determined that 25% of infected patients developed

leukopenia, and 63% developed lymphocytopenia. Also, the aspartate
aminotransferase level increased by 37% of the patients.®® Addition-
ally, increased levels of IL-2, IL-7, IL-10, granulocyte colony-
stimulating factor (GCSF), 10 kD interferon-gamma-induced protein
(IP-10), monocyte chemoattractant protein-1 (MCP-1), macrophage
inflammatory protein 1-a (MIP-1a) and TNF-o indicate that the
disease-related immune system is activated in patients. Most patients
experienced elevated CK and lactate dehydrogenase. Although normal
serum procalcitonin levels were seen in the majority of patients, the C
reactive protein was found as increased. One-third of the patients
also had elevated p-dimer.t¢

Approximately half of the patients were found to have one or
more comorbid such as hypertension, diabetes mellitus and cardiovas-
cular disease. Other underlying diseases of elderly patients (hyperten-
sion, COPD, diabetes mellitus, cardiovascular disease) caused the
patient to turn into acute respiratory distress syndrome, septic shock,
metabolic acidosis and coagulation dysfunction. For this reason, the
clinical symptoms in elderly patients are much more severe.3® Patients
requiring ICU have a more severe clinical symptom and have a higher
rate of dyspnea.?'” In another study conducted, there were various
clinical findings such as dyspnoea, respiratory frequency (>30/min),
reduced blood oxygen saturation (93%) and inspiratory oxygen rate of
arterial oxygen <300 in severe patients.”®

It has been determined that an average of 8.0 days passes from
the onset of the disease to dyspnoea and an average of 10.5 days to
mechanical ventilation.**® In another study, it was found that
12 (92.3%) of 13 patients had a fever and the patients had fever an

average of 1.6 days before coming to the hospital. Other symptoms
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include cough (46.3%), upper airway obstruction (61.5%), myalgia
(23.1%) and headache (23.1%).1%? In a study conducted by the China
Centre for Disease Control and Prevention (41), it was found that

889 of 72 314 patients were asymptomatic cases (1.2%).4*

6 | POTENTIAL TREATMENT AGENTS FOR
CoVID-19

After the COVID-19 infection affected the world in a short time and
spread rapidly among people, studies focused on the treatment of
infections and complications. According to our available knowledge,
there is currently no specific antiviral drug or vaccine against COVID-
19 infection.2® Currently, there are a large number of clinical trials in
progress. Although the clinical effectiveness of these drugs has not
yet been proven for COVID-19, more recent studies show that some
drugs may be potential drugs for COVID-19 treatment. These poten-
tial drugs include lopinavir/ritonavir, nucleoside analogs, neuramini-
dase inhibitors, remdesivir, umifenovir, DNA synthesis inhibitors
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(tenofovir disoproxil, lamivudine), chloroquine/hydroxychloroquine,
hydroxychloroquine+azithromycin, ACE2-based peptides, 3C-like pro-
tease (3CLpro) inhibitors.3%120-129

As of August 2020, 500 candidate therapeutics were in preclinical
or a stage of phase | to IV development, with new phase Il to Ill trials
announced for hundreds of therapeutic candidates during 2020.*%°
These agents are indinavir, saquinavir, lopinavir, carfilzomib, ritonavir,
remdesivir, atazanavir, darunavir, tipranavir, fosamprenavir,
enzaplatovir, presatovir, abacavir, bortezomib, elvitegravir, maribavir,
raltegravir, montelukast, deoxyrhapontin, polydatin, chalcone, disulfi-
ram, carmofur, shikonin, ebselen, tideglusib, PX-12, TDZD-8, cyclo-
sporin A and cinanserin.*? Pharmacological agents for the treatment

of COVID-19 are shown in Table 2.1%2

6.1 | Neuraminidase inhibitors

Treatment strategies are developed for COVID-19, based on the pre-
vious experience of combating SARS-CoV and MERS-CoV.2® It has

Mechanism of action

Inhibiting HIV-1 protease for protein

TABLE 2 Pharmacological agents for the treatment of COVID-19
Drugs Feature
Lopinavir HIV protease inhibitor
Ritonavir

Hydroxychloroquine/

9-aminoquinolin

cleavage, resulting in non-
infectious and immature viral
particles

Increasing endosomal pH,
immunomodulating and
autophagy inhibitors

Interfering with virus post-entry

Prevents membrane fusion by
reducing the release of cathepsin

Interfering with the synthesis of viral

chloroquine
Remdesivir Nucleotide analog
Nafamostat Serine protease inhibitor
B
Ribavirin Guanosine nucleoside
mRNA
Oseltamivir Neuraminidase inhibitor

PenciclovirAcyclovir

Ganciclovir

Favipiravir

Nitazoxanide

Nucleoside analog
Nucleoside analog
Nucleoside analog and viral

RNApolymerase inhibitor

Antiprotozoal agent

Inhibiting the activity of the viral
neuraminidase enzyme, preventing
budding from the host cell, viral
replication and infectivity

Acyclic guanine derivative,
resultingin chain termination

Potent inhibitor of the HSV, CMV

Acting on viral genetic copying to
prevent its reproduction

Modulating the survival, growth, and
proliferation of a range of
extracellular and intracellular
protozoa, helminths, anaerobic
and microaerophilic bacteria,
viruses

Indications

HIV/AIDS, SARS,
MERS

Malaria,
autoimmunedisease

Ebola, SARS, MERS
Influenza, MERS,
Ebola

HCV, SARS, MERS

Influenza virus A

HSV, vzv

AIDS-associatedCMV
infections

Ebola, HIN1

A wide range of
viruses

Status

Approved

Approved,
Investigational,Vet
approved

Investigational

Investigational

Approved

Approved

Approved

Approved,
Investigational

Investigational

Approved,
Investigational
Vet approved

AIDS, acquired immune deficiency syndrome; CMV, cytomegalovirus; MERS, Middle East respiratory syndrome; HCV, hepatitis C virus; HIV, human immu-
nodeficiency virus; HSV, herpes simplex virus; SARS, severe acute respiratory syndrome; VZV, varicella-zoster viris.
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been suggested that previously used agents for influenza neuramini-
dase inhibitors (oseltamivir, peramivir, zanamivir, and so on), ganciclo-
vir, acyclovir and ribavirin, and methylprednisolone should not be
used against COVID-19.1%%

6.2 | Remdesivir
Remdesivir is a 1'-cyano substituted adenosine nucleotide analog
prodrug. It is a broad-spectrum antiviral drug that has activity against
RNA viruses. According to the data obtained from in vitro and animal
experiments, remdesivir may affect NSP12 polymerase in adjusting
robust ExoN proofreading activity.2®° It is an antiviral drug candidate
originally developed to treat the Ebola virus disease.?®® As a result of
animal studies, remdesivir has been shown to effectively reduce the
viral load in the lung tissue of MERS-CoV-infected mice.*®” Also, as a
result of the success of remdesivir in vitro and animal experiments,
the efficacy and safety of the drug were evaluated in COVID-19
patients who started a multicentre, phase Ill clinical study in China.*%8
It has been reported in the case report of remdesivir in the United
States that it successfully treated the case of COVID-19.122 In a more
recent study, COVID-19 positive patients in the experimental group
were given an initial dose of 200 mg by IV infusion and then 100 mg/
day of remdesivir continued for nine consecutive days. The study is
expected to be completed by the end of April 2020. Phase Il clinical
studies of remdesivir are conducted in the United States, China and
[taly.}3%14% A clinical study in China showed that it was not effective
in reducing recovery time from COVID-19 infections or deaths.'** On
June 15, 2020, the FDA warned that the use of remdesivir and chloro-
quine or hydroxychloroquine may reduce the antiviral activity of
remdesivir.

6.3 | Umifenovir

Umifenovir is an antiviral drug used in the treatment of influenza and
has been shown as a result of studies conducted in vitro that inhibit
SARS-CoV-2 infection.

6.4 | Chloroquine

Chloroquine is an antimalarial drug, which has broad-spectrum ant-
iviral feature was detected in 2006.1*2 Chloroquine is one of the
drugs with a high potential to be used to treat COVID-19. Chloro-
quine has been used to treat malaria for many years, although the
mechanism of action is not fully known it also exerts beneficial effects
against some viral infections.**®> Chloroquine is effective in vitro
against SARS-CoV-2 infection in previous scientific studies.'?° Vari-
ous studies have been conducted on this subject, and possible mecha-
nisms have been identified. Chloroquine can inhibit pH-dependent
steps of replication of various viruses, which has a strong effect on
SARS-CoV

infection and spread.*** Also, chloroquine has

immunomodulatory effects that suppress the production/release of
TNF-a and IL-6. It also has an autophagy inhibitor effect to prevent
viral replication.**®

Several studies have shown that chloroquine plays a role in both
entry and post-entry stages of COVID-19 infection by preventing gly-
cosylation of SARS-CoV cellular receptors.*?° Chloroquine and hydro-
xychloroquine, previously used to treat malaria, have been shown to
effectively inhibit SARS-CoV-2 in vitro. It is reported that hydro-
xychloroquine also has stronger and fewer side effects than chloro-
quine.}* A study has shown that chloroquine improves pathological
disorders in the lung that occur due to COVID-19 and is effective and
safe in shortening the course of the disease.*”

The Guangdong Province Science and Technology Department
and the Guangdong Provincial Health and Health Commission
declared a report that chloroquine phosphate improves the success
rate of COVID-19 treatment and reduces the patients' hospitaliza-
tion.**® On March 17, the Italian Pharmaceuticals Agency increased
its attention when it included chloroquine and hydroxychloroquine in
the list of drugs with positive preliminary results for the treatment of
COVID-19.1*? Korean and Chinese Health Authorities recommend
the use of chloroquine. Also, the Wuhan Virology Institute suggests a
daily dose of 1 g but emphasizes that double this dose can be quite
dangerous and deadly. This drug is not yet approved for COVID-19 by
the US Food and Drug Administration.

Cytokine storm, one of the pathophysiology seen in COVID-19,
causes significant complications. Studies have been published that
hydroxychloroquine has anti-cytokine storm properties.**° In a clinical
study involving 36 patients with COVID-19, the use of hydro-
xychloroquine (200 mg three times a day for 10 days) was shown to
decrease SARS-CoV-2 RNA in nasopharyngeal samples compared to
the control group on day 6 (70% vs 12.5%).1°1 In this study, it has
been shown that the use of azithromycin in combination with hydro-
xychloroquine has an additional benefit, however, has not produced
sufficient methodological evidence. The possibility of drug toxicity
(including QTc prolongation and retinal toxicity) should be considered
before using hydroxychloroquine.’®? The optimal dose scheme is

uncertain; including

a. 400 mg twice daily on day 1 then daily for five days,
b. 400 mg twice daily on day 1 then 200 mg twice daily for four days,
c. 600 mg twice daily on day 1 then 400 mg daily for four days vari-

ous regimens are used.”®

According to data from the UK RECOVERY trial in June 2020, the
use of hydroxychloroquine is beneficial for mortality in people hospi-
talized with severe COVID-19 infection.*>® Also, in phase Il studies
for COVID-19, multinational studies on a large number of patients
have shown that adverse effects of the drug occur even at the optimal
dose.>* However, some people have had severe allergic reactions to
these drugs. For this reason, national health units do not recommend
the combination of hydroxychloroquine and azithromycin due to both
energy and increased risk of sudden cardiac death.}>> As a result,
doubts and indecision about the use of this drug still persist.
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6.5 | Lopinavir/ritonavir

Lopinavir/ritonavir is a drug for the human immunodeficiency virus (HIV),
which is used in conjunction with other drugs to treat HIV-1-infected
adults and children over the age of 14.1%° As a result of a study, it has
been reported that lopinavir/ritonavir has anti-SARS-CoV activity in
in vitro and clinical studies.*®” A clinical study in Korea reported that a
COVID-19 patient had significantly reduced B-coronavirus viral loads
after lopinavir/ritonavir treatment.*>® On the contrary, according to the
study published in a scientifically valuable journal, lopinavir/ritonavir is
ineffective in the treatment of serious diseases.*>’

A study at the University of Colorado attempts to change drugs
to find a compound to bind with the protease of SARS-CoV-2. In the
UK Recovery Trial study, no clinical benefit was seen from the use of
lopinavir-ritonavir in 1596 people hospitalized with severe COVID-19
infection for 28 days of treatment.'®® The results have not been

published yet.

6.6 | Darunavir

Studies on the second generation HIV-1 protease inhibitor darunavir
have been shown to inhibit SARS-CoV-2 infection in vitro. As a result
of cell experiments, darunavir has been shown to reduce viral replica-
tion 280 times in vitro compared to the control group at 300 pM con-
centration.?#® Remdesivir and chloroquine combination regimen have
been shown in studies to inhibit SARS-CoV-2 in vitro. It has been
shown that protease inhibitors such as lopinavir and ritonavir can cure
patients with MERS-CoV and SARS-CoV. 161163

6.7 | Nitazoxanide

Nitazoxanide (NTZ) is a drug approved in the United States for the
treatment of intestinal parasite infections.'®® In recent studies, it has
been shown to inhibit the replication of various viruses, including
influenza.'* Tisoxanidine, which is released as a result of its metabo-
lism, shows its effect by inhibiting the maturation of influenza viral
hemagglutinin.'®> An in vivo study has been proposed after
nitazoxanide inhibits SARS-CoV-2 in vitro.*¢®

68 | IFN-a

IFN-« is a broad-spectrum antiviral used in the treatment of hepatitis
B. As a result of studies, it has been shown to inhibit in vitro SARS-
CoV reproduction.*¢”

6.9 | Ribavirin

Ribavirin is a nucleoside analogue with broad-spectrum antiviral

effects. In a study, 41 SARS patients treated with lopinavir/ritonavir
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and ribavirin and 111 SARS patients treated only with ribavirin were
compared. According to the data obtained from the study, the effec-

tiveness of combination therapy was found as much greater.'¢®

6.10 | Favipiravir
Favipiravir is a drug that has an RNA-bound RNA polymerase
(RdRp) inhibitor feature. In addition to anti-influenza virus activity,
favipiravir has been shown to prevent replication of flavi-, alpha-,
phylo-, bunia-, arena-, noro- and other RNA viruses. Besides all
these drugs, favipiravir received approval for new flu treatment on
February 15, 2020, in China.'®? Favipiravir turns into a phosphory-
lated active form in cells. It is then recognized as a substrate by
viral RNA polymerase, thereby inhibiting RNA polymerase
activity.1”°

According to the results obtained from these studies, favipiravir
has potential efficacy on SARS-CoV-2. As a result of a clinical study,
favipiravir gives clinical hope for the treatment of COVID-19. Eighty
patients were included in a study and it was observed that favipiravir
had a stronger antiviral effect than that of lopinavir/ritonavir. As a
very nice finding, there were no significant adverse reactions in the
favipiravir treatment group, and even fewer side effects than the
other treatment regimen.'”?

6.11 | Camostat

As a result of previous studies, it has been shown that CoV-2 uses the
SARS-CoV receptor, ACE2, and cellular protease TMPRSS2 to enter
target cells.>? Accordingly, TMPRSS2 inhibitor (camostat) can be used
for a therapeutic approach.'”? These findings suggest that camostat,
which has been approved for another indication in Japan, maybe an
effective treatment for off-label COVID-19.134

6.12 | Corticosteroids

Considering the large studies; to controlling the inflammatory
response caused by SARS-CoV-2, systemic corticosteroids were given
to 18.6% to 44.9% of patients.®>*> According to the data obtained
from a clinical study, it has been shown to reduce the MERS-CoV
RNA clearance. Also, corticosteroid use caused psychosis and diabetes
mellitus in patients.174 Therefore, the clinical use of corticosteroids in
the treatment of COVID-19 is not recommended in the interim period

unless otherwise stated.*””

6.13 | Polyclonal IgG (SAB-301)

There is a clinical study in the literature investigating the safety and
tolerability of human polyclonal IgG immunoglobulin (SAB-301).27¢ An
experiment in the United States has shown that SAB-301 is safe and
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well tolerated in single doses. Other studies on MERS-CoV antibodies
REGN3048 and REGN3051 are ongoing.1””

6.14 | Tocilizumab

The interleukin-6 receptor antagonist (tocilizumab) was approved by
the FDA in 2017 for the treatment of cytokine release syndrome cau-
sed by chimeric antigen receptor (CAR) T cell therapy.r>>178 After
studies on tocilizumab, it was included in the treatment guidelines by
the Chinese National Health Commission.”? After showing beneficial
results in people with severe disease, phase Il non-randomized clinic
study begun in Italy.&

The Feinstein Northwell Health Institute announced a study on “a
human antibody that can prevent activity” of IL-6 in March 2020.181
Also, tocilizumab is evaluated in a clinical trial for COVID-19 patients
with high IL-6 levels in China.'®? The Australian Clinical Immunology
and Allergy Association recommends that tocilizumab can be used as
an off-label treatment for those with acute respiratory distress syn-

drome associated with COVID-19.183

6.15 | VitaminD

A recent comprehensive study obtained from 20 European countries
found a significantly negative correlation between mean vitamin D
levels in the blood and COVID-19 incidence/mortality in each coun-
try.*®* The mortality rate was also found as increased in northern
countries, where vitamin D deficiency rates are generally high.*8°
Based on this relationship, several studies have reported an associa-
tion between vitamin D deficiency and the incidence of severe
COVID-19.186-187

Other studies have found that individuals with dark skin are sus-
ceptible to vitamin D deficiency and therefore they exert severe
COVID-19 infection.'?>%* Also, different results have been reported,
and it should be noted that a direct correlation between vitamin D
deficiency and COVID-19 severity is not yet clear.?”*

As a result of the studies, it has been shown that the increase in
the risk of acute respiratory distress syndrome and alveolar inflamma-
tion is associated with vitamin D deficiency. Vitamin D may be benefi-
cial in minimizing alveolar damage due to COVID-19, as it helps the
regeneration of endothelial tissue.??? Also, vitamin D may reduce the
risk of infection through various mechanisms, as it enhances cellular

innate immunity. 179193

6.16 | Passive antibody therapy

The use of antibodies produced by the immune system of patients
recovering from COVID-19 is being investigated as a method of vacci-
nation. This strategy has been previously tested for SARS.2%# Viral
neutralization is the expected mechanism of action by which passive

antibody therapy can mediate defence against SARS-CoV-2. Other

mechanisms such as antibody-dependent cellular cytotoxicity and/or

phagocytosis may be possible.

6.17 | Vaccines

There is currently no vaccine that is effective against COVID-19. Vac-
cine trials have not been completed yet, but trials and interventions
are ongoing fastly. WHO reported that they did not expect it to be
available in less than 18 months against SARS-CoV-2 in late February
2020.1%°

Up to now, there is no cure or protective vaccine for SARS that is
both safe and effective in humans. In the same way, there is no pro-
tective vaccine against MERS yet.1® However, some vaccines con-
tinue to be developed for COVID-19, and as of March 2020, there is a
(DNA-based) MERS vaccine that has completed phase | clinical trials
in humans, all of which are viral vector vaccines, two with adenoviral
vectors (ChAdOx1-MERS, BVRS) -GamVac and with an MVA-vector
(MVA-MERS-S).*”

Many organizations use the published genomes of the virus to
develop possible vaccines against SARS-CoV-2.1781%9 As of August
2020, there are 231 vaccine candidates in the development, but no
candidate has completed clinical trials to prove their safety and effi-
cacy. In August, at least 25 vaccine candidates are in clinical trials,
with 6 vaccine candidates in phase Ill and 19 vaccine candidates still
in phase | to 11.2%°

7 | CONCLUSION

Since COVID-19 first appeared in China, it has been a major epidemic
that has affected the whole world. Because of the number of cases
seen every day and their prevalence in the countries changes fastly,
instead of preparing a table about scores in this review, we recom-
mend one of the many internet addresses where these data can be
followed instantly as https://covid19.who.int/.*”

WHO has declared it as a pandemic after the outbreak and scien-
tists are doing great efforts to identify the characterization of the new
coronavirus and to develop anti-virus therapies and vaccines. In our
review, we discussed the virology, epidemiological data, the replica-
tion of the virus, and its relationship with cardiovascular diseases on
COVID-19 pandemics. We also talked about COVID-19 clinical and
laboratory findings and discussed possible vaccine and pharmacologi-
cal treatments.

To summarize according to the available data, first, SARS-CoV-
2-induced pneumonia COVID-19 shows more infectivity but less viru-
lence in terms of morbidity compared to SARS and MERS. Second,
SARS-CoV-2 originating from the reservoir of bats and unknown
intermediate hosts has been shown to enter the cell by binding to the
ACE2 receptor with high affinity as a virus receptor to infect humans.
Third, it has been observed that it affects older patients with co-
morbid diseases more. Fourth, supportive therapies with strong ant-

iviral drugs such as remdesivir, hydroxychloroquine or lopinavir/
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ritonavir have begun to be used in the treatment of patients with

COVID-19. Clinical studies and vaccination studies are still ongoing

fastly. Also, the pathogenesis of the virus is still not fully known, and

new studies are needed in this regard. Currently, effective infection

control intervention is the only way to prevent the spread of SARS-

CoV-2. As a result of the studies to be carried out, it will reveal the

mystery of the molecular mechanism(s) of viral introduction and repli-

cation, which will provide the basis for future research on the devel-

opment of drugs and vaccines. Countries have to overcome great

difficulties while dealing with this epidemic. We hope all of them are

in a state of total war against this pandemic and that they can over-

come the pandemic as quickly as possible.
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