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Abstract

A cluster of patients with unidentified pneumonia cause emerged among people in a city of China named Wuhan, at the end
of 2019, which then by laboratory analysis, was considered to be caused by a novel coronavirus (CoV) called 2019-nCoV.
It has been declared a pandemic by the World Health Organization on March 11, 2020. By the spread of pandemic novel
coronavirus, it is revealed that severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is genetically related to
SARS-CoV of the 2003 outbreak. However, the latest study showed that angiotensin-converting enzyme-2 is the receptor
used by SARS-CoV-2 to enter into the human cells, alike its predecessor (SARS-CoV). Both excessive immune reactions
and lytic effects of the virus on host cells play a central role in the pathogenesis of COVID-19. Commonly, the antivirals,
corticosteroids, antibiotics, Immunoglobulin, and some other drugs are used as a pharmacological treatment in COVID-19
patients. Recently, the food and drug administration (FDA) has authorized the emergency use of remdesivir for the
treatment of COVID-19 under an emergency use authorization (EUA). The majority of the current drugs are recommended
based on the treatment of previous epidemic viruses. Due to its pandemic prevalence, and the insufficient of specifically
approved drugs and vaccines, COVID-19 is becoming an emergency public health concern. Furthermore, there is a lack of
comprehensive knowledge about pathogenesis and treatment of COVID-19. Thus, this review answers to the questions
about pathogenesis and pharmacological treatment of COVID-19 and provide the newest information in term of the
pathogenesis and pharmacological treatment of COVID-19, inclusively, and simultaneously.
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1. Introduction

Coronavirus generally depends on the Coronaviridea family, and the Nidovirales order [1]. They are enveloped with
positive sense-single-stranded ribonucleic acid (RNA), with a characteristic appearance that resembles a crown (corona in
Latin means crown) due to the presence of club-shaped surface protein projections [2]. The first cases of coronavirus
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outbreak spread from a city in China named Guangdong in late 2002 with more than 300 cases and five deaths. This
epidemic which named severe acute respiratory syndrome (SARS) then had spread to many countries, mostly in Asia, but
also to Toronto, Canada [1]. At the end of 2019, pneumonia with unidentified cause begins among people in a city of China
named Wuhan, which then by laboratory analysis, unidentified pneumonia was considered to be caused by a novel
coronavirus (CoV) called 2019-nCoV [3]. By the spread of pandemic novel coronavirus, it is revealed that SARS-CoV-2 is
genetically related to SARS-CoV of the 2003 outbreak [1]. However, the latest study showed that angiotensin-converting
enzyme-2 (ACE2), a membrane exopeptidase, is the receptor used by SARS-CoV-2 to enter into the human cells, alike its
predecessor (SARS-CaoV). The incubation period for CoVs may last from two to seven days, clinical sings contain high
fever, chills, cough, shortness of breath or difficulty in breathing, diarrhea, myalgia or fatigue, expectoration, and
hemoptysis. In severe cases may develop pneumonia, and severe conditions such as heart failure, respiratory failure, and
liver failure can occur in elderly patients [2]. Evidence from the first cases showed that the animal to human transmission
assumed as a primary mechanism of transmission. However, due to the globally spreading of COVID-19, human to human
transmission is the major mechanism of transmission [4]. Globally, as of June 7, 2020, there have been 6,750,521
confirmed cases of COVID-19, including 395,779 deaths as WHO report [5]. A diverse strategy of treatment such as non-
pharmacological therapy, pharmacological therapy, and psychological therapy are operated for managing the COVID-19
patients, and various studies are in progress for discovering specific new agents for the treatment of COVID-19 in several
countries [6]. Most of the current drugs are recommended based on the treatment of previous epidemic viruses such as
malaria, ebola, severe acute respiratory syndrome (SARS), and the middle east respiratory syndrome (MERS) [7]. Due to
its more prevalence and the lack of specifically approved drugs, COVID-19 is becoming an emergency public health
concern. Therefore, this review will provide a piece of comprehensive knowledge about pathogenesis and pharmacological
treatment of COVID-19.

2. Pathophysiology

SARS-CoV-2 is a positive single-strand RNA virus that structurally contains an envelope, nucleocapsid, spike
glycoproteins on the envelope, and other non-structural proteins. Both structural proteins (spike, membrane, envelope, and
nucleocapsid proteins) and non-structural proteins play key roles in pathophysiology and virulence mechanism in SARS-
CoV-2. Studies have shown that non-structural proteins inhibit the inherent immune reactions and among structural
proteins, envelope plays a central role in virulence of SARS-CoV-2, and it improves the accumulation and release of the
virus. Spike glycoproteins are another essential structural proteins that direct the binding of the virus to host receptors
ACE-2, [4]. The first stage for coronavirus to infect host cells is the attachment of its S-spike protein and ACE2 receptors,
but before the binding of the spike protein, the spike protein is activated by the transmembrane serine protease
(TMPRSS)[8]. The spike protein of coronavirus contains two domains, the S1, which is important in receptor attachment
and the S2, which plays a role in plasma membrane fusion [9]. ACE2 provides a direct binding site for the S protein of
CoVs. The sites of the receptor-binding domain (RBD) is located at the C-terminus of S1 of S-spike protein. Besides spike
proteins, envelop protein, membrane glycoprotein, nucleocapsid protein and genomic RNA of the virus play key roles in
the pathogenesis of the COVID-19 [3]. ACE2 is a type 1 membrane protein member of the ACE family which is expressed
by the epithelial cells of the lungs, kidney, gastrointestinal tract, and cardiovascular system. Primarily binding of S-spike
protein with ACE2 receptors, within lung cells, are causing the severe acute respiratory syndrome and damaging of other
organs [10]. In the pathogenesis of COVID-19, both excessive immune reactions and lytic effects of the virus on host cells
will play the central role. Studies have shown in the initial stage of the illness, the patients suffering from common
symptoms such as severe pneumonia, fever, and dry cough. In some patients, the illness forward to acute respiratory stress
syndrome (ARDS) and septic shock, which was finally, followed by multi-organ dysfunction, and about 10% of patients
have died [9]. Older age, previous diseases such as hypertension, diabetes, and coronary artery disease are the most
important risk factors for death [10, 11]. The results of a retrospective study have shown that according to the severity the
COVID-19 has displayed different stages of the disease from mild in 38% of the patients, to sever in 35% of patients and
critical in 28% of the patients [12].

2.1. Hyperactivation of Immune System

Immune cells play a crucial function in terms of pathogens such as bacteria, viruses, and fungi, and so on. Clinical
studies showed that immune system response during SARS-CoV-2 infection leads to autoimmune disease.

Mechanism: Viral rapid replication induced immune cells response which leads to hyperactivation of T-cells that
besides infected cells, healthy cell damage occurs by high concentrations of peripheral CD4 and CD8 T cells. Once type 2
pneumocyte broke, it may attract macrophages. After activation of macrophages, specific cytokines including interleukin 1
(IL - 1), interleukin 6 (IL - 6), and tumour necrosis factor-alpha (TNF - a) are released. They mediate proteins moving into
the bloodstream, which caused blood vessel dilation on endothelial cells of the microvasculature around the alveoli which
then leads to an increase in the permeability of blood vessels around the alveoli. The fluids accumulation as a result of
blood vessel permeability leads to compressive pressure which makes it difficult to breathe and consequently, respiratory
distress. On the other hand, the production of surfactant is decreased because of type - 2 pneumocyte death that increases
alveolar surface tension. An increase in alveolar surface tension causes alveolar collapse, which ends up in respiratory
distress. Besides these immune cells response, neutrophil activation occurs as well to neutralize the virus by releasing
reactive oxygen species (ROS) and proteases. As rapid RNA replication happens, excessive ROS and protease are
produced, which not only neutralize the viruses but also attack the cells lining alveoli. In this case, type 1 and type 2

75



N. Sediqgi & M. Sediqi International Journal of Innovative Research and Scientific Studies, 3 (2) 2020, pages: 74-81

pneumocytes lose their function, which infected persons suffer severe hypoxia and pneumonia [3]. Hyperactivation of the
immunity system also caused systemic cellular damaging that leads to multi-organ dysfunction [3, 10].

2.2. Sever Pneumonia

WHO reported that severe pneumonia is the most common disorder of severing COVID-19 [13]. Severe pneumonia is
linked with serious dyspnoea, respiratory distress, and hypoxia. Nevertheless, the fever has to be cautiously clarified
because in a sever stage, also it should be moderate or absent [4].

Mechanism: As studies have shown the pathogenesis of pneumonia might be complicated and might be linked with
hyperactivation of the host immune system. SARS-CoV-2 can activate the extreme immune response that sometimes the
"cytokine storm" and multi-organ dysfunction happened respectively [14]. The inflammation and host immune system
response caused the fluids and pus accumulation into alveoli which person is not able to inspire adequate oxygen. Thus,
may other organ disorders such as kidney, heart, and others happened. Older people, people with a history of respiratory
system disorders and previous disease might be more susceptible [13].

2.3. Acute Respiratory Distress Syndrome (ARDS)

It is a life-threatening stage; it may be a sudden severe respiratory failure or impairing of old respiratory symptoms. It
has different stages, such as mild, moderate, and severe [4].

Mechanism: The main target cell for the SARS CoV-2 is pneumocytes type - 2 (alveoli are lined with two types of
pneumocytes which type 1 is responsible for gasses exchange while type - 2 is responsible for the production and secretion
of surfactant, the molecule that reduces the surface tension of pulmonary fluids and makes it easy to breath). The problem
begins with the binding of S- spike protein of the virus and ACE-2 on the surface of pneumocyte type - 2 (this process is
triggered by the S1 subunit shedding and S2 subunit transition of S protein). After binding, it enters the cytoplasm of the
pneumocyte where the RNA of the virus is released. This positive sense single-stranded RNA acts as mRNA and translated
proteins. One of the translated proteins of SARS-CoV-2 is the RNA-dependent-RNA polymerase that leads to the synthesis
of multiple RNA copies. Due to this mechanism, hundreds and thousands of viral particles arise within the cell. As
normally, ACE2 breaks down angiotensin-2 into vasodilator angiotensin 1-7 which ACE2/Ang 1-7 plays an anti-
inflammatory and antioxidant role in the lungs against ARDS. Excessive binding of SARS-CoV-2 with the ACE2 receptor
leads to the significant reduction of enzymatic activity of ACE2, downregulation of ACE2 receptors makes them unable to
protect against lung injury as the enzyme gets degraded by the virus [10].

2.4. Septic Shock

Sepsis and septic shock are associated with bloodstream infections. Sepsis is a result of the potential response of the
host immune system against infections. SARS-COV-2 in sever stage caused life-threatening septic shock which includes a
variety of signs and symptoms such as serious dyspnea and hypoxia, kidney disorder with oliguria, tachycardia, mental
disorder, acidosis and others [8]. The results of the retrospective cohort study described the Sepsis one of the common
complications in COVID-19 patient, which SARS-CoV-2 infection might be directly linked to it. However, more study is
required to clarify the pathogenic mechanism of SARS-CoV-2's sepsis. Additionally, the results indicated that more than
50% of patients developed sepsis [9].

2.5. Fever and Cough

The release of a high amount of immune cells makes it easy for IL - 1 and IL - 6 seep into the bloodstream and travel
to the central nervous system. In this case, prostaglandins are released by the hypothalamus of the central nervous system in
responding to the increased concentration of these mediators. As a result, body temperature is increased, which fever is a
significant symptom of COVID-19. Cellular debris in the alveoli needs to be moved out of the lungs, which, due to moving
out of this debris coughing happens, which is a common symptom of COVID-19 [10].

The results of a study in china that was supported by the National Health Commission of China in 1099, COVID-19
patients described both the fever and cough as the most common symptoms. The cough was present in 67.8% of patients,
and the fever was 43.8% on admission time, and it progressed up to 88.7% during hospitalization [15].

3. Treatment

As mentioned, the COVID-19, according to the severity, has several steps; hence the management performs according
to the clinical manifestation and the severity. So, patients who have mild clinical manifestation (dyspnea not present), home
management is adequate. Certain attention should pay for asymptomatic patients who are the main source of infection and
can transmit the infection to others. Patients who are in moderate and severe stages of infection require hospitalization and
supportive care (oxygen-therapy, a mechanical ventilator for ARDS) [16]. Isolation is the core management of COVID-19
for the prevention of healthy people and keeping the new positive cases at a low rate. Currently, there is not available any
specific drugs or vaccine for treatment and prevention of COVID-19, and the major intervention involves symptomatic
therapy and oxygen therapy [4]. However, there are some potential therapeutics that are under investigation for treating the
COVID-19. Among these drugs, some of them are approved and use for other diseases, but they are an indication for
COVID-19 require several studies.
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3.1. Non-Pharmacological Therapy

Non-pharmacological therapy is the main strategy for management of the COVID-19 which involves the general cares
such as proper nutrition, adequate electrolytes, fluids, controlling the vital signs and laboratory biomarkers (neutrophil
count, inflammatory cytokine and lymphocyte count, C-reactive protein and so on), symptomatic therapy and the
supportive cares [17].

Symptomatic treatment: COVID-19, like other infections, has the symptom of the fever as the main symptom.
Administration of the antipyretic and cooling methods recommended by WHO for managing the COVID-19 fever and the
fever complications. COVID-19 patients who have other diseases such as hypertension and diabetes are more at the risk of
the COVID-19 severity. Thus, continuous controlling of the blood sugar and blood pressure and proper actions are
required. COVID-19 mediated multi-organ dysfunction is another complication that requires certain operations [17].

Supportive treatment: Several investigations determined an excessive need for respiratory support and oxygen therapy
in severe cases of COVID-19 [17]. WHO recommends the high-flow nasal oxygen (HFNO) or non- invasive ventilation
(NIV) and protective mechanical ventilation for managing of the respiratory failure [4]. Tracheostomy also may be
performed in patients who require prolonged mechanical ventilation and longer intensive care unit (ICU) stay [2].

Psychological support: as COVID-19 brings a general change in humans life; thus, the psychological support for the
patients, the patient relatives, and health workers may have a key impact on managing this pandemic. These psychological
supports should provide helpful online recommendations by expert psychologists to whole people. Using hypnotic drugs in
COVID-19 patients may affect the quality of sleep and the utilization of oxygen. Psychological supports also plays a
central role in removing the fear and anxiety related to the COVID-19 among the whole of the people [17].

3.2. Pharmacological Therapy

Various group of medications is used for the treatment of COVID-19 patients which among them antiviral agents,
antibiotics, corticosteroids, and intravenous immunoglobulin are the major classes. But to identify which group of
medications are may effective or may not be still diverse studies are in progress [17].

Antivirals
Starting an early antiviral therapy can reduce the progression of mild cases to severe and critical cases [18].

Ribavirin: is a ribonucleoside analogue that is active against some coronaviruses and used as a supportive medicine in
the treatment of SARS-COVID-19. Ribavirin inhibits viral RNA-dependent RNA polymerase [19]. During the outbreak of
SARS in Hong Kong, ribavirin was used for patients [3] as its activity against SARS-CoV was limited and required high
concentrations to inhibit viral replication in vitro, necessitating high dose (e.g., 1.2 g to 2.4 g orally every 8 hours) and
combination therapy. For this reason, its usage has become limited in the treatment of COVID-19, if used, combination
therapy may have clinical efficacy [19]. Therefore, the combined usage of Ribavirin with Interferon (IFN) beta could
synergistically inhibit SARS-associated CoV replication by inhibiting RNA-dependent RNA polymerase in vitro [3].
However, the efficacy in COVID-19 patients still needs to be confirmed by clinical trials. Clinically, an appropriate dosage
of ribavirin should be given to avoid an adverse reaction, including dose-dependent anemia [20].

Lopinavir/Ritonavir: The combination of lopinavir/ritonavir is used in the treatment of human immunodeficiency
virus (HIV) infection. As the usage of these two medicines with ribavirin has a good therapeutic effect in SARS and MERS
[3]. Therefore, lopinavir/ritonavir can be recommended for the treatment of novel coronaviruses in clinical trials via
inhibition of 3-chymotrypsin-like protease in vitro [19], to inhibit viral RNA synthesis [20]. Recent studies indicates a
delay in the start of treatment, which this effect may partially explain the ineffectiveness of lopinavir/ritonavir for the
treatment of COVID-19. Some adverse effects should be considered, including gastrointestinal distress such as nausea and
diarrhoea (up to 28%) and hepatotoxicity (2-10%) [19]. It also can increase the risk of cardiac arrhythmias (e.g..QT
Prolongation) and significant drug interactions [21]. The recommended dosing regimen for lopinavir is 400 mg twice each
day, and ritonavir 100mg twice each day for up to 14 days [2].

Nelfinavir: It is another antiviral drug that works as a selective inhibitor of HIV protease, which has been effective in
inhibition of SARS-Cov and a possible therapeutic option for SARS-COV-2 [3].

Umifenovir (Arbidol): Arbidol and its derivative, arbidomesylate, have been reported to have antiviral activity against
SARS-CoV as well as against influenza viruses by blocking viral fusion [3]. As it targets S protein/ACE interaction by
inhibiting membrane fusion of the viral envelop [22]. According to these data, clinical trials have been started in the
treatment of SARS-CoV-2 patients [23]. The current dose of 200 mg orally every 8 hours for influenza is being studied for
COVID-19 treatment [19].

Remdesivir: It is an antiviral drug that inhibits RNA-direct RNA polymerase of coronaviruses in vivo and in vitro,
inhibiting the replication of both endemic and zoonotic strains in cell culture [20]. Studies show that remdesivir inhibits the
replication of both SARS-CoV and MERS-CoV as well as improve viral lung load, a clinical sign of lung disease, and
respiratory function in the mouse model in vitro [23]. Based on its anti-CoVs activity, remdesivir was supplied by the
manufacturer for experimental use in china, to treat hospitalized patients of COVID-19. In late February, its safety and
efficacy are evaluated in hospitalized adults diagnosed with COVID-19 has started at the University of Nebraska medical
centre in Omaha in the US [20]. It is approved that the antiviral protection of remdesivir and IFN beta are superior to that of
lopinavir/ritonavir-1FN beta against MERS-CoV in vitro and in vivo [3]. It was also used in the treatment of ebola virus
infections [10]. Furthermore, remdesivir was used for the treatment of the first COVID-19 patient in the United State, and
its antiviral activity has been recommended against SARS-CoV-2 in vitro. Remedisivir, a broad spectrum antivirus has
demonstrated in vitro and in vivo efficacy against SARS-CoV-2 as also initiated its clinical trial [9]. Recent studies have

77



N. Sediqgi & M. Sediqi International Journal of Innovative Research and Scientific Studies, 3 (2) 2020, pages: 74-81

shown its efficacy in which several clinical trials are recruiting patients to evaluate the clinical efficacy of remdesivir for
treatment of COVID-19 by using the dosage regimen of 200 mg loading dose on the first day, following by 100mg
intravenous once-daily maintenance dose for 9 days [23]. The Washington Department of Health administrated remedisivir
intravenously first and found that remedisivir might have potential protection from SARS-CoV-2 infection [6]. Thereby,
the FDA has authorized the emergency use of remdesivir for the treatment of COVID-19 under an EUA [24, 25].

Favipiravir: It is a nucleoside analog that is used in treating influenza A and B as well as identified as a potential
broad-spectrum antiviral for COVID-19. It works by inhibiting RNA-directed RNA-polymerase of various RNA viruses
[20]. Favipiravir inhibits in vitro replication of a wide range of influenza viruses and many other RNA viruses including
arenaviruses, bunyaviruses, flaviviruses, alphaviruses, paramyxoviruses, and norovirus family. It also suppressed the
replication of the zaire ebolavirus (EBOV) in vitro. Based on these data, patients hospitalized with COVID-19 are being
recruited for a clinical trial evaluating the efficacy of favipiravir. The regimen does used in COVID-19 trials were mostly
based on the dosing approved for influenza treatment, for example, 1600 mg twice daily on the first day, following by 600
mg twice daily for six days [23]. Also, its teratogenicity and early embryonic death effects have been observed in animal
studies, which should be considered [21].

Oseltamivir: It is used to inhibit the viral neuraminidase, which blocks the release of viral particles from the host cell
by reducing the spread of viral in the respiratory tract. It is mostly used for the treatment of influenza A and B.
Furthermore, it is reported that oseltamivir is used in the treatment of the COVID-19 epidemic in China, either with or
without the use of antibiotics and corticosteroids. In addition, oseltamivir is used in a clinical trial with multiple
combinations with chloroquine and favipiravir which has shown antiviral activity against SARS-CoV-2 and low toxicity
[22]. However, Neuraminidase inhibitors do not appear to have activity against COVID-19, and the role for oseltamivir
specifically for COVID-19 is limited, and additional clinical trials are required to demonstrate its antiviral activity against
SARS-CoV-2 [26].

3.3. Chloroquine/Hydroxychloroquine

Chloroquine and hydroxychloroquine are FDA-Approved antimalarial drugs. They are used as antiviral drugs in the
treatment of HIV, which they are acted by inhibiting virus entry into host cells. Chloroquine is used to inhibit the
internalization of the virus through binding the ACE2 receptor and taken up by the cells as a vacuole [19]. It can inhibit
COVID-19 in vitro and is recommended for the clinical control of viral replication [3]. Studies have shown that
chloroquine and hydroxychloroquine block viral entry into cells by inhibiting glycosylation of host receptors, proteolytic
processing, and endosomal acidification. These agents also have immunomodulatory effects through attenuation of
cytokine production and inhibition of autophagy and lysosomal activity in host cells. A recent study in French on 36
patients (20 in the hydroxychloroguine group and 16 in the control group) reported virologic clearance improvement with
the use of hydroxychloroquine, 200 mg every 8 hours compared with control patients receiving standard supportive care.
Virologic clearance at day 6, measured by nasopharyngeal swabs, was 70% (14/20) vs. (2/16) for the hydroxychloroquine
and control groups, respectively. It is also suggested that a combination of azithromycin with hydroxychloroquine revealed
superior viral clearance 6/6, 100%) compared with hydroxychloroquine monotherapy. This study was not able to support
completely its safety and requires additional studies. Furthermore, another study estimated as well that 100 % of patients
treated with hydroxychloroquine in combination with the macrolides antibiotic azithromycin were virologically cured
compare to 57.1% in patients treated with hydroxychloroquine alone [22]. Both agents can cause some serious adverse
effects (<10%), including QTc prolongation, hypoglycemia, neuropsychiatric effects, and retinopathy [19]. Besides,
because of their antimicrobial nature make many researchers able to suggest chloroquine and hydroxychloroquine in the
treatment of SARS-COVID-19. Chloroquine presumably alters the pH at the surface of the alveolar cells, thereby inhibiting
the binding of SARS-CoV-2 to ACE2, which prevents the entry of the virus into the cells [10]. Also, it is considered that
hydroxychloroquine has a favourable safety profile to chloroguine though they are equally effective as antimalarial drugs
[7]. dosage regimen used in COVID-19 trials were chloroquine 500-1.000 mg per day for 7-10 days or hydroxychloroquine
400 mg per day for 5-10 days [23].

Adjunctive therapies

Currently, due to the lack of specific drugs for COVID-19, the adjunctive therapies are the mainstay of treatment [19].

Monoclonal antibodies: Monoclonal antibodies can neutralize SARS-CoV they are directed against key inflammatory
cytokines or other aspects of the innate immune response. Especially, IL-6 appears to be a key driver of this dysregulated
inflammatory [19]. Though the risk of gastrointestinal (GI) perforation, hepatotoxicity, patients with thrombocytopenia and
neutropenia, and infusion-related reactions which caution should be considered [21]. FDA suggests at tocilizumab, a
monoclonal antibody IL-6 receptor antagonist, is used to treat cytokine release syndrome following chimeric antigen
receptor T-cell therapy [19]. It works by binding the IL-6 receptor to prevent its activation and inhibits IL-6 signalling [22]
. Based on these experiences; Tocilizumab is used in a small series of severe COVID-19 cases with early reports of success.
A report of 21 patients with COVID-19 treated by using 400 mg of tocilizumb, was associated with clinical improvement in
91% of patients measured by improved respiratory function, which most patients were only receiving one dose [19] and it
plays as a stronger agent in the treatment of some serious COVID-19 cases with increasing level of IL-6 and spreading lung
injuries [17]. Another IL6-receptor antagonist that is approved, other mAbs or immunomodulatory agents in a clinical trial
in China or US including bevacizumab (anti-vascular endothelial growth factor medication), fingolimod
(immunomodulator approved for multiple sclerosis), and eculizumab (antibody inhibiting terminal complement), [19].
Anakinra is an anti-1L-1 agent that has approved for managing of the autoimmune rheumatoid arthritis also showed
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satisfactoryresults [27]. Besides, scientists at the Dana-Ferber Cancer institute reported the human antibody isolation and
used to block infection of the SARS-CoV. The 80R antibody is targeted to the spike glycoprotein and blocks the virus from
binding to ACE2 receptors. Then, the antibody was tested in animal models which shows its protective function against
acute lung injury. Such an antibody is used in passive immunization for the early treatment of the SARS-CoV infection. As
that antibody was not fully protective, researchers from the National Cancer Institute later reported two new antibodies with
improved affinity for the ACE2 receptor as compared to 80R. These mAbs, are m396 and S320. They neutralized viruses
with exceptional potency that can be a good therapeutic or reagent to facilitate the development of a vaccine for SARS
infections. Also, in a study by the US and Chinese researchers, mAbs were used in the treatment of MERS-CoV. In this
study, the mAbs m336 neutralized the virus with exceptional potency and was reported to have great potential as a
candidate therapeutic or as a reagent to facilitate the development of MERS-CoV vaccines in vitro [20]. As a result, the
development of mAbs requires a certain period, which is difficult to achieve in a clinical application in a short time [3].

Immunoglobulin therapy: It is studied that convalescent plasma or hyperimmune immunoglobulins are used as
adjunctive therapy for COVID-19. Antibodies from recovered patients may help with both free virus and infected cell
immune clearance. As in the early phase, pathogens damage the targeted organs and lead to severe immunopathological
damages. The passive immune antibodies can effectively and directly neutralize the pathogens, which reduce the damage of
targeted organs and then block the subsequent immune-pathological damage. In 2009, a study on 93 patients of influenza
A, revealed that those who receive convalescent plasma have less mortality rate than those who not receive the plasma. As
a theory, the benefits of this therapy will appear after 7-10 days of infection, when viremia is at its peak, and the primary
immune response has not yet occurred. Besides, the first reported uncontrolled case series of 5 critically ill patients with
COVID-19 treated with convalescent plasma in China was recently published [19]. Thus, WHO emphasized that
"convalescent plasma therapy is one of the most recommended potential therapies, and it has been used during other
epidemic outbreaks."” [18].

Corticosteroids: The most important point in the treatment of SARS-CoV-2 is to decrease the host inflammatory
responses in the lungs, which may lead to acute lung injury and acute respiratory distress syndrome (ARDS). Although it
might be decreased due to the existence of its adverse effects, including delayed viral clearance and increased risk of
secondary infection, a study on MERS and SARS reported not any survival but also an association with delayed viral
clearance from the respiratory tract and blood with high rates of complications including hyperglycemia, psychosis, and
avascular necrosis. A study on patients with influenza pneumonia found that corticosteroids were associated with an
increased risk of mortality. While a recent study in China on COVID-19 patients, treatment with methylprednisolone was
associated with a decreased risk of death [22] therefore, because of its high pick ineffectiveness cautions against their
routine use in patients with COVID-19 should be considered [19], as corticosteroids can be used to limit excessive lung
damage due to inflammatory response. Methylprednisolone has already been used in COVID-19 patients in combination
with antibiotics, oseltamivir, and oxygen therapy 40 — 80 mg /day [2].

Others

Type 1 IFNSs: Interferon (IFN) inhibits viral infection by directly interfering with viral replication by inducing both
innate and adaptive immune response to infection [23]. Human immune system response is crucial to control viral
replication which activation of innate interferon is necessary to avoid spreading viruses. Thus, their role in treatment is
accepted in terms of their antiviral activity. Researchers in Frankfurt and Hong Kong recommended the antiviral activity of
INF alfa, beta, and gamma, which among them IFN beta showed a good antiviral activity by inhibiting SARS-CoV
replication. MERS-CoV is 50-100 times more susceptible than SARS-CoV to treatment with interferon alfa in vitro [20] .
Also, previous studies have demonstrated that type 1 INFs can be used as an antiviral cytokine by inducing a large range of
proteins to impair viral replication in targeted cells. As synergistic effects of leukocytic IFN alfa and IFN beta with
Ribavirin against SARS-COV have been suggested in vitro [3]. Therefore, based on efficacy in SARS-CoV and MERS-
CoV, a combination of antiviral and various subtype of interferon was studied for the efficacy in COVID-19 patients [23].

RAS inhibitors: According to the pathophysiology, ACE2 the content of the renin-angiotensin system (RAS) plays a
significant role in the pathogenesis of SARS-COV2. Thus, possibly the blocking of the ACE2 via RAS inhibitors such as
angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin Il receptor type 1 blockers (AT1RB) may have a major
impact on choosing and designing of the new drugs [3].

Hypothiocyanite: Human has a natural protective network against infections. This system in central air tracts has a nit
which involves the lactoperoxidase/ H202/SCN- (LPO/H202/SCN-) complex, and this complex induces the
hypothiocyanite ion (OSCN-), [28]. The hypothiocyanite forms disulfide bonds via oxidation of thiol groups in proteins
[29]. Thus, it can make alterations in surface proteins of respiratory tract infections such as viruses and prevent their
binding to the target molecules. Disorders in synthesis and accumulation of viral nucleic acid and proteins is another
possibly protective effect of the thiocyanate ion [30] Hence, and it strongly suggested the use of thiocyanate ion in
controlling and managing of SARS-CoV-2 if proven according to the in-vitro and in vivo investigations [28].

Nitazoxanide: It is an antihelminthic agent, which has a broad antiviral activity and a good safety profile. It shows its
antiviral activity against MERS and SARS-CoV-2, which these benefits require further study as a treatment option for
SARS-CoV-2 [19].

Vitamin C: is used in COVID-19 patients to reduce oxidative stress and inflammation in terms of its antioxidant
activity [22]. Pneumonia is a complicated disorder of COVID-19 that can cause ARDS and serious and spread lung lesions.
As Coronaviruses produce the free radicals and cytokine storm, they can worsen the situation to a life-threatening condition
and multi organs dysfunction [31]. Therefore, antioxidant therapy, besides other managements, may help in controlling this
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situation. Vitamin C in a high dose is safe and effective [32] as well as it has a broad antiviral activity [33] which is another
positive side of Vit C that shows it is an appropriate agent in the improvement of this condition. Thus, the application of Vit
C as a monotherapy or combination therapy with other synergistic agents may play a crucial role in the managing of this
situation [31].

4. Conclusion

This review summarized that SARS-CoV-2, which has similarity in terms of epidemiology and pathogeneses with
SARS-CoV of 2003, has been spread from Wuhan, in China, which impacted the world most countries. It transmits from
human to human mostly by respiratory droplets, directly or indirectly. It is suggested that for the first time, it transmitted
from bats to humans, which confirms its zoonotic importance. The incubation period of novel coronavirus is within two
weeks. The clinical signs include high fever, chills, cough, shortness of breath or difficulty in breathing, diarrhea, myalgia
or fatigue, expectoration, and hemoptysis. People with a secondary disease or older people are at the front line of the risk.
Though the world has not been faced with novel coronavirus infection before, thus there is not existed any specific
medicine or vaccine to cure patients. But luckily, the similarity of the viral structure with that of SARS CoV makes it
somewhat easy to tackle the pandemic novel coronavirus and commonly, the previously approved drugs are recommended
for managing the COVID-19 patients. Recently, the FDA has approved the emergency use of an antiviral medicine named
remdisivir in the treatment of COVID-19. However, scientists, medical doctors, and pharmaceutical organizations are
working together to find a specific and safe drug for the treatment or a vaccine for the prevention and control of this
worldwide viral disease.
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