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Severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) is a highly pathogenic and transmissible virus.
Infection caused by SARS-CoV-2 known as Coronavirus disease 2019 (COVID-19) can be severe, especially
among high risk populations affected of underlying medical conditions. COVID-19 is characterized by the severe
acute respiratory syndrome, a hyper inflammatory syndrome, vascular injury, microangiopathy and thrombosis.

Antiviral drugs and immune modulating methods has been evaluated. So far, a particular therapeutic option has
not been approved for COVID-19 and a variety of treatments have been studied for COVID-19 including, current
treatment such as oxygen therapy, corticosteroids, antiviral agents until targeted therapy and vaccines which are
diverse in each patient and have various outcomes. According to the findings of different in vitro and in vivo
studies, some novel approach such as gene editing, cell based therapy, and immunotherapy may have significant
potential in the treatment of COVID-19. Based on these findings, this paper aims to review the different strategies
of treatment against COVID-19 and provide a summary from traditional and newer methods in curing COVID-19.

1. Introduction

In December 2019 in Wuhan, the capital of central China’s Hubei
province began an outbreak of viral pneumonia symptom, which spread
to almost all countries. It has led to a great concern of the potential for
not only an epidemic but a pandemic in all over the world [1,2]. At first
the cause of the pneumonia was unknown and then it was determined
that the contagious infection caused by a new human pathogen that
belongs to the Coronavirus (CoV) family. The infection caused by this
CoV referred as the CoV disease 2019 (COVID-19) or 2019 novel
Coronavirus (nCoV) [3].

CoVs are a family of viruses that belong to the family Coronaviridae
and subfamily Coronaviridae [4]. The family Coronaviridae classified as
a type of RNA virus includes the genus CoV and torovirus that cause
disease in human beings and animals [5]. About seven types of CoVs
known to be associated with human included the alpha-CoVs HCoV-

NL63, HCoV-229E, beta-CoVs HCoV-OC43, HCoV-HKU1, severe acute
respiratory syndrome-CoV (SARS-CoV), and middle east respiratory
syndrome-CoV (MERS-CoV). Types 229E and OC43 are a major cause of
the common cold [6]. Although most human CoV infections are mild,
two epidemics have occurred by CoVs included 1) severe acute respi-
ratory syndrome (SARS) and Middle East respiratory syndrome (MERS).
SARS has originated in Guangdong state of China and expanded to 29
countries from November 2002 through July 2003 and resulted in 774
deaths out of 8,098 infected individuals while Middle East MERS has
began in Saudi Arabia and expanded to 27 countries through July 2019
that was responsible for 848 deaths among 2,458 individuals. In addi-
tion, SARS and MERS source of origin were identified as civet cats and
camels, respectively. As a result, COVID-19 is a third CoV that can cause
severe respiratory illness that has 79 % nucleotide identity to SARS-CoV
and about 50 % to MERS-CoV [7].

Since, SARS coronavirus 2 (SARS-CoV-2) is a highly pathogenic and
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transmissible, it spread between family homes, hospitals and cities. In
about 2 to 14 days, a person infected with the SARS-CoV-2 can be
asymptomatic; during which this period, the infected person can involve
other people as a carrier [8,9].

CoVs are positive-sense RNA viruses with an enveloped, non-
segmented and single-stranded ribonucleic acid whose genome structure
is best known among all RNA viruses. CoV due to 9-12 nm-long surface
spikes has solar corona like appearance. Genomes of these viruses are
about 30 kb, enclosed by a 5'-cap and 3’-poly-A tail. The genome of
2019-nCoV is of 29.891 kb long, with a G + C content of 38 %. Unlike
some B-CoVs, the 2019-nCoV has not hemagglutinin-esterase gene (HE)
which is characteristic of this category of viruses [10-12]. In addition,
the four major structural proteins encoded by other one-third of the
genome included spike (S), envelope (E), membrane or matrix (M), and
nucleocapsid (N) protein as well as the non-structural proteins, such as
proteases (nsp3 and nsp5) and RdRp (nsp12). Interaction of spike (S)
protein to angiotensin-converting enzyme 2 (ACE2) receptor is first step
for virus attachment that causes viral entry into the host cell [13-15].

SARS-CoV-2 infection can be severe, especially among high risk
populations affected of underlying conditions such as elderly, hyper-
tension, cardiovascular disease, diabetes, cancer, end-stage renal dis-
ease, chronic obstructive pulmonary disease (COPD), and asthma
[16,17].

So far, completely specific treatment for COVID-19 is not approved
and a variety of treatments have been considered for COVID-19. The aim
of this article is to describe the treatment strategies that have been used
for COVID-19 patients and review all the available literature.

2. Gene editing or approaches based on nucleic acid

Gene-editing technology has a broad spectrum of applications. Effi-
ciency of such approaches has been demonstrated against viral in-
fections including SARS and respiratory syncytial virus (RSV) [18-20].

Introduction of the CRISPR-Cas9 has received considerable attention
for viral diagnosis and antiviral therapies [21]. In contrast to CRISPR-
Cas9 that only targets double-stranded DNA (dsDNA), CRISPR-Cas13
is capable of targeting single-stranded RNA (ssRNA) such as influenza
A virus, lymphocytic choriomeningitis virus, and SARS-CoV-2 [22-24].
Recently, Prophylactic Antiviral CRISPR in human cells (PAC-MAN) has
been introduced against COVID 19, which was a novel strategy based on
Cas13d. PAC-MAN entails an endonuclease with a pool of CRISPR-
associated RNA (crRNA), targeting conserved sequences of viral ge-
nomes. PAC-MAN merits recognition as it is able to simultaneously
eliminate multiple strains of coronaviruses by using a panel of crRNA
[23]. However, PAC-MAN harbors shortcomings restricting its applica-
tion, including off-target affects, immunogenicity, delivery, and toxicity.
Moreover, the function of Cas13 may further be hindered by the noto-
rious formations of RNA secondary structures in the host cells [20,25].

3. Cell based therapy

Cell therapy is a cell-based therapy in which human cells as thera-
peutic agents are injected, grafted or implanted into blood stream, tis-
sue, and organ patients to replace or repair of injured tissue and/or cells
[26,27 28-30]. Cell therapy can be the allogeneic which transplanted
cells are taken from donor of the same species, and the autologous that
transplanted cells are taken from the donor himself, and or the xeno-
geneic which transplanted cells are taken from one species to another.
Cell therapy may also be classified according to the target tissue and
type of cells [31,32].

3.1. Stem cells therapy
Stem cells have the ability to product every cell and tissue in the

human body. In recent years, different studies have been aimed to
investigate of the stem cells as a therapeutic agent for treat or prevent of
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diseases and it uses in regenerative medicine, gene therapy, immuno-
therapy, tissue regeneration and repair that have leads to promising
findings [29,33-36].

Mesenchymal stem cells or mesenchymal stromal cells (MSCs) are
multipotent stem cells that can differentiate into a variety of cell types
[37,38]. MSCs referred as immune-privileged cells, because they express
low levels of human leucocyte antigen (HLA) class I, and do not express
HLA class II, CD40, CD40L, CD80 and CD86 that cause escape the
cytotoxic activities of lymphocytic T cells, B cells and NK cells [39].
After intravenous injection, MSCs are primarily trapped in capillary beds
of the liver and lungs, and then bind to receptors, including chemokine
receptors, adhesion proteins, and matrix metalloproteinase (MMPs)
[401].

As previously mentioned, in COVID 19, after entrance of SARS-CoV-2
into the lungs, an immune response induced and then beginning a
cytokine storm by attracting immune cells to the region attacked by the
virus [41]. Since, the main functions of MSCs are immune regulation, as
a result can be a potential treatment for patients with COVID-19 which
registered the some of them in Clinical trial.gov. The treatment of acute
respiratory distress syndrome (ARDS) induced by epidemic influenza A
(H7N9) via allogeneic menstrual-blood-derived MSCs compare to the
control group has indicated that MSC transplantation significantly
decreased the mortality, inflammatory effects and cytokine storm, as a
result, suggested this type of treatment for COVID-19 patients which
have shown similar complications [42].

The use of menstrual-blood-derived MSCs transplantation for the
treatment of two confirmed cases of COVID-19 in Wuhan from China
with ARDS demonstrated that increases the immune indicators levels
such as CD4+ and lymphocytes and decreases the inflammation in-
dicators levels including IL-6 and C-reactive protein (CRP) without a
considerable side effects [43]. The human umbilical cord-derived MSCs
(hUC-MSCs) to use for transplantation to COVID-19 patients has been
shown be therapeutically effective which significantly decreased the
level of TNF-q, IL-6 and CRP and increase IL-10 (as an anti-inflammatory
protein activating regulatory cells such as Tregs) and returned the
lymphocytes count to the normal range faster in compare to control
[43,44]. It is also shown that the use of hUCMSCs transplantation has
reduced the seral levels of CRP, ALT, AST, bilirubin, the white blood cell
count and neutrophil count and increase the lymphocyte count, CD3+ T
cell, CD4+ T cell, and CD8+ T cell [45].

It has been shown that exogenous insulin use significantly reduced in
patients with COVID-19 after hUC-MSC injection [46]. Results of phase I
clinical trial study to evaluate the safety of hUC-MSCs infusions in the
treatment of 18 patients (n = 9 moderate and 9 severe) with COVID-19
pulmonary disease indicated IgG and IgM anti-SARS-CoV-2 antibodies
were not statistically decreased in the UC-MSCs treatment group
compared with the control group [47]. The angiotensin I converting
enzyme 2 (ACE2) receptors required to COVID-19 distributed on the
human cells surface especially the alveolar type II cells (AT2), but it not
expresses in some cells such as bone marrow, lymph nodes, thymus, and
the spleen, immune cells [48]. It was indicated that MSCs have barely
express ACE2 and transmembrane serine protease 2 (TMPRSS2) [49],
two receptors needed for the virus endocytosis. Therefore, MSCs are free
from SARS-CoV-2 infection. of MSCs in patients with COVID-19 has
induced of IL-10, and CD14 + CD11c + CD11b™¢ regulatory dendritic
cells. It has decreased the level TNF-a, and CRP, and disappeared T cells
(CXCR3 + CD4+, CXCR3 + CD8 + ) and activated CXCR3 + NK cells
over activated. Moreover, the induced IL-10 and VEGF triggered the
lung repair. lymphopenia which is observed in these patients was
significantly improved after the cell transplantation and increased the
lymphocyte count [50,51].

3.2. Immune cell therapy

Immune cell therapy, known as cellular immunotherapy, uses the
cells of immune system to improving the condition of the disease. The
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allogeneic source has a more primacy due to costs, and emergency
conditions of COVID-19 [39,52].

3.2.1. Natural killer (NK) and chimeric antigen receptor (CAR) T-Cell
therapy

Natural killer (NK) cells which are another candidate for cell-based
therapy to treatment of COVID-19 patients, to be a type of cytotoxic
lymphocyte critical to the innate immune system by protecting against
tumorigenic cells and viral invaders and contain 10-15 % of total pe-
ripheral blood leukocytes in humans [53]. In CAR-T therapy, T cells that
have been genetically modified to express CAR [4] are proliferated in
vitro and eventually transplanted to the patients. CAR-T therapy uses
CARs that target different antigens including, CD19, CD30, CD33,
CD123, FLT3, and BCMA. In the cytokine storm, after binding of CAR-T
receptor and its specific antigen the large amounts of IFN-y and TNF-a
are released which finally induce the produce of cytokines such as IL-1,
IL-6, and IL-10 by monocytes and macrophages [54,55]. Although NK
cell and CAR T cell therapy is mostly used to treat cancer, but similar
mechanisms could provide guidance in the fight against viruses. Of
course, COVID-19 clinical trials studies (https://www.clinicaltrials.gov)
are underway by NK cell and CAR T cell therapy (Table 1) [56].

4. Immunotherapy

Immunotherapy has indicated considerable outcomes in the treat-
ment of different diseases. Several immunotherapy attempts have been
successful to fight against CoV such as SARS-CoV and MERS-CoV
[57,58].

Insufficient antiviral immune response and intensive inflammation
induced by inefficient immune response are the two main challenges in
COVID-19. Developing novel immune-based therapeutics that aim viral
infection and dysfunctional immune response can improve the clinical
result of patients with COVID-19. This new approach is named as
“immunotherapy of COVID-19” and is among the novel treatments being
developed. Several methods can be used as immunotherapeutic treat-
ment for COVID-19, which are discussed below [59].

Studies shown that in the pathogenesis of SARS, a cytokine storm
occurred, involving a remarkable release of proinflammatory cytokine
such as IL-6, TNF-a, and IL-12, IL-2, IL-7, IL-10, granulocyte-colony
stimulating factor, IFN-y and TNF-a, which implied that a cytokine
storm occurred and related to the severity and prognostic of COVID-19.
Prevention and suppression of the cytokine storm may be the critical to
save patients with severe COVID-19 [60-62].

4.1. Interferon-based immunotherapy

Type I of IFNs as components of the immune system, has a vital role
in defending the body against viruses. SARS-CoV-2 can prevent the
creation of IFN-1 by impairing IFN-signaling pathways [63]. IFN-based
immune defense are applied against the virus; anyway, the threshold of
the incitement for the manufacture of IFN is different based on age. The
low mortality rate of the COVID-19 in kids has been dependent on the
low IFN-producing threshold of IFN, which causes the early production
of IFN, and can finally control the SARS-CoV-2 infection. Interestingly,
the higher death rate in aged patients is at least partly related to the
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higher threshold for IFN production, leading to the delay in IFN pro-
duction and insufficient immune response. The restraint of the IFN-
producing pathway by the virus and insufficient IFN-production is one
of the primary challenges of the immune response against COVID-19
[64].

In the clinical setting, accompanying [FN-p1b in the early treatment
of COVID-19 with lopinavir and ritonavir is more effective than
lopinavir-ritonavir alone, effectively inhibiting triple therapy of infec-
tion and reducing disease progression to severe stages [65,66]. In vitro
and clinical results have supported the efficacy of treatment with type I
IFNs. IFN-based immunotherapy has been considered in clinical trials of
COVID-19 patients [67]. I[FN-lambda (IFN-) is a member of the type III
IFN family. IFN-A is attractive in the antiviral immune response against
viral infections [68]. Treatment of COVID-19 by IFN-A could stimulate
an effective immune response against the virus. Thus, IFN-)A has been
used in COVID-19- treating clinical trials.

At the first stages of the disease, IFNs are critical for inducing a
sufficient immune response against the virus. At late and severe stages,
however, the main immune response against the virus is mediated by
immune cells. The uncontrolled activation of the macrophages leads to
the production of excess amounts of proinflammatory cytokines.
Therefore, in IFN-dependent treatment of the COVID-19, the stage of the
disease must be considered. Use of IFNs in the earlier stages of the
COVID-19 could induce a stronger antiviral response and inhibit the
infection. However, at later stages of the disease, use of the IFNs could
induce a hyperactivated immune response and worsen the cytokine
storm [64].

Although IFNs is suggested to treat the disease [67] but some studies
demonstrated that IFNs may enhance ACE2 expression and thus viral
entry [69]. On the other hand, favorable results were reported by using
iINF type I, including INF-B-1a in clinical trial [70]. As a reason for the
diverse effects INFs, the difference in the route of administration (either
subcutaneous (s.c.) and intravenous (i.v.)) in some studies was proposed
reported [71].

4.2. Antibodies-based immunotherapy

Monoclonal antibodies designed against SARS-CoV-2 can be classi-
fied in three main groups based on their target: 1) antibodies that inhibit
the virus attachment and entry through both target the virus shape or
host receptors, 2) antibodies that interfere with the virus replication and
transcription, 3) antibodies that prevent various steps of the immune
system response [72]. Monoclonal antibodies, which are proposed to
date against SARS-CoV-2, mainly target immune responses [42,73-75].

The significant increase in the level of chemokines and cytokines,
which is called the cytokine storm, can be inhibited by antibodies
therapy [76]. The preliminary studies of severe COVID-19 have shown
that IL-6 and GMCSF are the key cytokines leading to inflammatory
storm, which result in gas exchange dysfunction and impaired oxygen
diffusion. These cytokines can lead to the pulmonary fibrosis, organ
failure and ARDS [77]. Control of the cytokine storm can improve res-
piratory failure in severe cases with hyper-inflammation. One way to
achieve this management is the inhibition of the inflammatory path-
ways. To inhibit the inflammatory pathways, one could block the release
of the inflammatory cytokines [78].

Table 1

List of COVID-19 clinical trials using immune cell therapies.
Author Therapeutic Status Locations Phase Participants Ref
Min Liu, A.B NKG2D-ACE2, CAR-NK cells Recruiting China /1 90 NCT04324996
Lucia Silla Natural Killer Cells Not yet Recruiting Brazil I 24 NCT04634370
ZHU Natural Killer Cells Recruiting China, Henan I 30 NCT04280224
Erica Rave Natural Killer Cells (CYNK-001) Recruiting United States /1L 86 NCT04365101
David A Bernal E Natural Killer Cells Not yet recruiting Colombia I/11 10 NCT04344548
Antonio Pérez Martinez T memory cells and NK cells Recruiting Spain 1/11 58 NCT04578210
Jae Park CART Cell Recruiting United States, New York /1L 90 NCT04148430
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Tocilizumab (TCZ), an IL-6 receptor (IL-6R) antagonist, can repress
cytokine storms by impeding the IL-6 signal transduction pathway [79].
IL-6 receptor (IL-6R) has two structures: membrane-bound IL-6 R (mlIL-
6R) and soluble IL-6 R (sIL-6R). IL-6 and sIL-6R binds together to form a
complex, then binds to gp130 on the cell membrane to complete trans-
signal transduction and induce a proinflammatory role [80-83]. As a
recombinant humanized against human IL-6R monoclonal antibody,
TCZ can specifically bind sIL-6R and mIL-6R and inhibit signal trans-
duction. It is at the moment used predominantly for rheumatoid arthritis
[77]. The utilization of TCZ has demonstrated promising clinical ad-
vantages in some COVID-19 patients [84]. In a 21-understanding clinical
examination selected in China, TCZ brought about the decrease of ox-
ygen need in 75 % of patients, lung lesion opacity absorption in 90.5 %
of patients, and correction of lymphocyte and CRP levels [77].

It has been shown that patients with severe COVID-9, 90 % recovered
after a few days of treatment by TCZ, therefore TCZ improve survival
outcomes [77,85]. In this regard, there are similar studies that
confirmed the positive effects of TCZ in COVID-19 patients [77,86-94].

TCZ inhibits the damaging effects of the SARS-COV-2 on the respi-
ratory system; nevertheless, TCZ does not have a direct antiviral func-
tion on SARS-CoV-2. Like other immune-restraining drugs, uncontrolled
or unnecessary application of TCZ could be associated with some
adverse effects, such as an increase in hepatic enzymes, hypercholes-
terolemia, skin allergy, and opportunistic fungal infections [93,95].

4.3. Polyclonal antibodies against SARS-CoV-2

The design of monoclonal antibodies and their testing at a clinical
stage is a long pathway and the massive production of monoclonal an-
tibodies might be costly, time-consuming; that are factors cannot be at
least taken in the time of a pandemic outbreak and an urgent need to
effective therapeutics. The administration of multivalent antibodies
(cocktail of monoclonal antibodies) for the neutralization of SARS-CoV-
2 also seems more logical. Because the risk of contamination and host
reactions will be decline compared with their plasma equivalents and in
addition to, targeting more than one epitope can cause synergistic ef-
fects in neutralization and would limit the formation of escape-mutants.
for example, a recent study revealed that a cocktail of antibody
noticeably enhanced SARSCoV-2 neutralization compared with the use
of one monoclonal antibody [96,97].
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5. Vaccination

The recent outbreak of the COVID-19 endangered public health and
further imposed a substantial economic burden on societies worldwide;
thus, the development of therapeutic drugs and vaccines was urgently
required. Reports have been cited four types of vaccines being under
development which were based on whole virus, viral vector, nucleic acid
(DNA or RNA), and recombinant protein [98]. According to the world
health organization (WHO) records, 283 COVID 19 candidate vaccines
were reported until December 28, 2020; in which 66 of the potential
vaccines had entered the clinical trial testing. Fig. 1 illustrates further
details on the aforementioned vaccines (WHO; COVID-19 Vaccine
tracker).

In the case of the SARS-CoV-2, there have been several immunogenic
antigens serving as targets for vaccine developments, with the S protein
being the most prominent earmark. By the grace of high throughput
sequencing methods, scientific communities were able to identify high
conservancy with the N protein, thus serving as a useful target for vac-
cine development.

Of note, vaccine’s efficiency is directly correlated with the induction
of a robust innate and adaptive immune response. One of the common
strategies is the employment of natural or synthetic adjuvants. The live-
attenuated vaccines inherently possess the adjuvant necessary for
prompt yet prolonged, induction of immune response [99].

In contrast, vaccines designed from inactivated virus particles or
protein-based vaccines harbor limited immunogenicity, therefore
external adjuvants should be provided to efficiently promote immune
responses [99,100]. There are repertoires of adjuvants commonly used
by scientists, among which the Aluminium salts (alum) are of popular
choices. Although that it produces a poor T cell response, Alum has been
one of the primary choices among scientists, merely due to the safety
observed throughout decades of experiments, furthermore, Alum en-
hances B cell stimulation resulting in a higher antibody-mediated im-
munity. Moreover, the alum aids in the stabilization and longevity of
antigens and it further improves safety levels by reducing the adverse
effect of sudden exposure of immune cells to high titers of antigens [99].
Additionally, other candidates such as AS03 (GSK) and CpG 1018
(Dynavax) have been proposed to enhance vaccines [101].

Vaccine candidates

Vaccine candidates type
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uDNA
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Fig. 1. Number of vaccine candidates and types of them.
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5.1. Inactivated and live-attenuated vaccines

Given the fact that the complete inactivation of the virus, reduces the
possibility of infection to great extent with minimum alteration in the
immunogenic antigens, has brought attention to the approach [102].
Several companies mainly originated in China, such as Sinovac Biotech
are attempting to develop live-attenuated based vaccines exploiting the
whole virion particles. The production of such vaccines involve
exploiting the effects of chemical excipients such as hydrogen peroxide,
formaldehyde, and B-propiolactone; or the use of gamma and ultra-
violate irradiation, and heat inactivation of the infectious agent [103].
Due to the high conservancy of the structural proteins namely the S, N,
E, and M of SARS-CoV-2, such proteins function as suitable immuno-
genic antigens and act as the primary immune cells’ recognition target.
Although adjuvant supplementation may increase the immune response
to inactivated vaccines [104], the approach is faced with the limitation
of administrating reminder shots for efficient memory cell development
and long-lasting immunity [105].

The live-attenuated vaccines display several advantages that merit
recognition, including providing a vast and diverse repertoire of pro-
teins serving as immunogenic antigens, namely the conserved structural
proteins, biologically important non-structural proteins, and accessory
proteins; capable of triggering an efficient immune response. However,
such traditionally produced therapeutics harbor the risk of infection
which could be alleviated through genetic manipulations, rendering the
pathogenic agents deficient and with long-lasting immunogenicity
[106]. Nevertheless, concerning the safety, the approach may still bear
disadvantages brought about by genetic back mutations which may lead
to illness and development of infection in individuals with a compro-
mised immune system. [104]. The Chinese Sinovac Biotech Company
has developed a vaccine using the traditional live-attenuated system and
was further branded the product PiCoVacc. The vaccine demonstrated a
high rate of neutralizing antibody generation against S, (receptor
binding domain) RBD, and N protein among 10 strains of the SARS-CoV-
2 virus. Interestingly, as opposed to SARS and MERS inactivated vac-
cines, no pulmonary immunopathology was witnessed [100]. However,
the capability to elicit T cell-mediated responses was impaired which
deems further investigation [107]. Alongside the Chinese, The USA in
collaboration with the Institute of India is working on a product named
CDX-CoV. The vaccine is based on both structural and non-structural
proteins of the virus [108].

5.2. Viral-vector vaccines

Viral-vector vaccines are a relatively new approach to vaccine
development. The strategy encompasses a viral particle posing as a
carrier of genes related to the target pathogen. This leads to the gener-
ation of viral particles that carry the treats and antigenic properties of
the selected pathogen. The viral particles may actively reproduce and
replicate in cells to efficiently manifest the immunopathogenic treats
such as measles and pox or may be genetically modified and non-
replicating such as adeno associated viruses, to preclude viral infec-
tion. The strategy has illustrated long-term innate and adaptive immune
responses [109]. Studies have demonstrated that such vectors bear the
capacity of carrying large genetic fragments which is a major advantage,
however, the approach has raised some safety and economic concerns,
as there is a risk of random insertion due to the inherent properties of
virus-based vectors and the manufacturing is quite cumbersome and
economically unfavorable [110].

Focusing on SARS-CoV-2, a replication defected simian adenovirus
vector entitled ChAdOx1, encoding the complete sequence of S protein
has developed by Oxford University. Preliminary results from studies on
mice models has demonstrated that the vaccine triggered neutralizing
antibodies (nAbs), IgG, and high levels of Th1 response and a low level
of Th2 response. Further study unveiled a similar amount of nAbs in
patients and convalescent control samples [111]. The Chinese company,
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CanSinoBIO, has focused on exploiting the adenovirus type-5 (Ad-5) to
carry the immunogens derived from the S gene. The study elucidated
that immune response in the form of IgG against the RBD and nAbs was
observed, furthermore, cellular immunity mediated by the Th1 subset
was witnessed. However, the approach harbored downsides including
pre-existing immunity against the Ad-5 vector that may adversely affect
B cell and T cell responses [109].

Although non-replicating viral vaccines have proven somewhat safe,
the fact that every viral particle tends to infect only a single cell imposes
a major drawback on its application; to circumvent the issue, a high
dosage of vaccine should be commenced to generate strong and long-
lasting immune responses[112].

5.3. Nucleic acid vaccines

DNA vaccines are the first derivative of nucleic acid vaccines, con-
sisting of a circular expression vector empowered by strong promoters to
transcribe immune antigens once absorbed by the cells [102]. DNA
vaccines are prompted the induction of IgG nAbs and T cell response.
However, their application has faced a major limitation; the vector must
be able to traverse the cytoplasm and enter the nucleus environment to
ignite the transcription process, moreover, the risk of random insertion
of part of the plasmid into chromosomes is not negligible, and measures
must be taken into account to mitigate the shortcomings [102].

The incorporations adopting mRNA-based vaccines are Pfi-
zer-BioNTech and Moderna, in which a synthetic mRNA encoding for
the entire S gene was produced. The novelty of the method brought the
scientific attention to the companies. According to the scientific reports,
the mRNA-1273 vaccine developed by the Moderna Inc was able to
trigger sufficient immune response including IgG nAbs and Th1 based
cellular immunity [113]. Furthermore, the BNT162b2 vaccine designed
by Pfizer-BioNTech has induced a higher IgG nAbs compared to
convalescent plasma samples [100]. The Pfizer-BioNTech further
introduced the BNT162b1 product, which was emerged from the RBD
subunit of the S protein. The vaccine was able to elicit sufficient Thl
immune response as well as exhibiting high levels of IgG nAbs against
the RBD.

The synthetic mRNA encoding the target immunogen is subjected to
translation once entered into the recipient cells; subsequently, the an-
tigen triggers an immune response. The stimulation of the immune
response is a complicated effect that requires adjuvants including
protamines and nanoparticles to augment and hasten the process. Of
note, such mRNA vaccines often are supplemented with lipid nano-
particles, serving as both a carrier vector and an adjuvant, boosting the
immune response [109,114]. The mRNA vaccines bear some advantages
over the counterpart DNA-based, as the mRNA does not integrate into
the host chromosome and further activates the INF-mediated immune
response upon administration leading to a halt in the translation process.
Moreover, mRNAs are inherently unstable and degrade ensuing trans-
lation, improving their safety and efficiency [115].

The nucleic acid vaccines possess a myriad of benefits including
economically favorable and cost-effective, easy to manipulate the design
and the manufacturing process, high stability at the ambient tempera-
ture which considerably facilitates the transportation process, and
perhaps above all, they give rise to sufficient and sustainable immune
response [102,109].

5.4. Protein based vaccines

Protein-based vaccines include subunit and virus-like particles
(VLP); in the first approach, the key structural proteins such as the S
gene of the SARS-CoV-2 which hold a crucial role in the disease etiology,
are the main focus. Such vaccines have gained popularity particularly in
the case of the COVID 19 outbreak. The recombinant proteins necessi-
tate the usage of an adjuvant to raise the immune response [101]. The
second approach entails recombinant production of viral capsids devoid
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of any genetic material and therefore eliminating the risk of pathogen-
esis while evoking a strong immune response [116].

Notably, more than 80 scientific research groups have been striving
to develop a vaccine based on the subunit and VLP approaches. Reports
indicate that either the complete sequence of the S protein or the smaller
portion of the protein designated as the RBD region, are of higher
immunogenicity importance and therefore, more suitable for vaccine
development [117,118].

5.5. Vaccines and outbreak of new variants

As a RNA virus, one mutation naturally occurs in the genetic material
of SARS-CoV-2 every-two weeks. These changes in the genome have not
mostly great effect in the structure of main protein. But some mutations
may alter the main strain of virus’s protein, and then they may alter viral
infectivity, transmissibility, and disease severity. As reported by the US
Centers for Disease Control and Prevention (CDC), the original virus
genome has undergone some deletion, nonsynonymous and synony-
mous mutations in the spike segment and has created new variants.
Predicting these new variants and presented vaccines efficiency is
difficult. Based on US-CDC reporting, some vaccines could generate
polyclonal antibodies that recognize different epitopes of spike proteins
and consequently could respond to new variants. Moreover, even if these
vaccines are not completely match or effective to new variants, it can
still be enough impact to lessen the severity of the disease. However,
there are some concerns about the accumulation of new mutated ver-
sions which could evade antibody responses. Furthermore, many
countries have not been reported any data about the sequence of virus
circulated in their population. Therefore, these are hurdles to control the
pandemic using present vaccines. In order to evaluate the effectiveness
of available vaccines, it is necessitating to document and characterized
any alterations in different COVID-19 sequences in variety of nations
[119].

This chart depicts that attention is majorly inclined toward the
Protein Subunit Vaccines which encompass 87 of total candidates. Thus
far, 4 candidates have registered for the live-attenuated type. According
to the WHO reports, following the Protein Subunit Vaccines, RNA based,
non-replicating viral vectors, DNA based, replicating viral vectors,
inactivated, and virus-like particle are the most popular vaccine candi-
dates against the COVID 19, respectively.

6. Survey signaling pathways

Some studies have been stated that the pathogenesis of COVID-19 is
caused by dysregulation of several cell signaling pathways. The
mammalian target of rapamycin (mTOR) and the Janus Kinase/Signal
Transducers and Activators of Transcription (JAK/STAT) pathway have
significant roles among them [120]. For this reason, in recent studies,
mTOR and JAK inhibitors have been noticed to reduce the hyper-
reactivity of the immune system in patients with COVID-19.

6.1. mTOR inhibition

mTOR, a serine/threonine protein kinase, is highly conserved during
evolution and forms two main complexes including mTORC1 and
mTORC2 [121]. mTOR has an important role in the proliferation and
metabolism of cells and the regulation of immune response and toler-
ance. Any defects in the mTOR signaling pathway can take part in
various pathological circumstances [122-124]. Recent studies have
been demonstrated the role of mTOR in regulating immune system ac-
tivity to control the severe immune response in patients with COVID-19.
One study has expressed that rapamycin as an mTOR inhibition drug,
can prevent the cell growth of conventional T cells while it can increase
Tregs proliferation and maintain its activity. Thus, in COVID-19 pa-
tients, the use of mTOR inhibitors such as rapamycin and everolimus - a
second-generation rapamycin derivative that specifically inhibits
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mTORC1- can alleviate the cytokine storm by reducing the proliferation
of conventional T cells and also mitigate the hyperactivity of the im-
mune system in the critical phase of the disease, by maintained Treg
growth and activity [124]. A paper also has been stated that elevated
levels of mTOR expression are probably facilitated virus replication in
coronavirus infection. Therefore, inhibitors of mTOR such as rapamycin
and everolimus or specific microRNAs could help to inhibition of virus
replication in the human respiratory system [123]. Since approved
mTOR inhibitor drugs are available in the market, so, targeting the
mTOR pathway may be a promising therapeutic way to combat COVID-
19, alleviate symptoms, and reduce mortality rates.

6.2. Janus kinase inhibition

The JAK/STAT signaling pathway is an intracellular signal trans-
duction pathway that is involved in many critical biological processes.
Following stimulation of the cytokine receptor, phosphorylation of
STAT by JAK leads to dimerization and transfer of STAT into the nu-
cleus. Finally, dimer STAT in the nucleus, regulates the expression of
relevant genes [125]. As mentioned before, some COVID-19 patients
show cytokine release syndrome in the critical phase of the disease.
Because the increased activation of the JAK/STAT pathway can lead to
cytokine release syndrome, therefore the use of JAK inhibitors may help
treat COVID-19 patients. A recent small pilot series have shown that
short-term treatment of COVID-19 patients with hyper inflammation by
ruxolitinib (Rux; Jakavi®) - an inhibitor of JAK1 and 2 - is safe and it is
efficient to prevent multi-organ failure [126]. In China, a randomized
controlled phase II trial which is conducted on patients with severe
COVID-19has demonstrated that although there was no statistically
significant difference between the ruxolitinib receiving group and the
placebo group, nevertheless the ruxolitinib receiving group has shown
numerically faster recovery without a significant side effect. Also, this
study found that administration of ruxolitinib along with standard-of-
care treatment could remarkably release cytokine storm featured in se-
vere COVID-19 [127]. In a case study, three patients with COVID-19,
two of whom also had hematologic neoplasms, were examined. In
addition to chemotherapy and immunosuppressants for cancer treat-
ment, these patients also received the ruxolitinib to treat COVID-19. The
results of the study showed that the ruxolitinib treated the hyper-
inflammatory state, released the cytokine storm, and had no conflict
with viral clearance [128]. Recently, a double-blind, randomized,
placebo-controlled trial appraised the combination treatment of bar-
icitinib (a selective inhibitor of JAK 1 and 2) with remdesivir in hospi-
talized COVID-19 adult patients. Based on the results, the combination
treatment in comparison remdesivir treatment alone reduced the re-
covery time and accelerated the improvement of clinical status in
particular among coronavirus patients, who received high-flow oxygen
or noninvasive ventilation. It has also shown fewer serious adverse
events [129].

7. Plasma therapy

Since the early 20th century, convalescent plasma (CP) therapy has
been used as an emergency method in the treatment of patients with
viral infections and has had significant positive effects in the treatment
of patients with Spanish influenza, SARS, MERS and more recently Ebola
[130-133]. However, there are concerns about the side effects of plasma
therapy and the possibility of transmitting autoantibodies or secondary
infections to the plasma receptor [134,135]. These apheresis blood
products should be screened for possible infections and blood trans-
fusion protocols before transfusion to patients or other recipients.
[136-138]. The mechanism of plasma therapy is not completely un-
derstood [138]. Whole blood plasma from COVID-19 survivors contains
nAbs, anti-inflammatory cytokines, coagulation and anticoagulant fac-
tors, albumin and other proteins [131]. In addition to stimulating the
innate immune system in the recipient, chronic phase seems to increase
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phagocytosis, activate complement, and neutralize viral spikes, which
are involved in virus entry and proliferation [139]. CP has also been
reported to be effective in reducing or neutralizing cytokine storms in
the recipient, leading to damage to lung tissue [140,141]. Various
studies have been conducted to evaluate the effects of plasma therapy in
the prevention and treatment of COVID-19. Some case studies have been
reported that plasma therapy is a rapid and reliable way to reduce the
severity of disease and prevent disease progression in COVID-19 patients
[142-144]. Although examining the true effects of CP in the treatment
and prevention of COVID-19 requires randomized clinical trials, the
results of clinical trial studies are different and confusing. Randomized
controlled trial does not agree with the positive and definitive effect of
plasma therapy on the prevention and control of COVID-19 [145-147].
Moreover, it seems that confounding factors in different randomized
controlled trials have affected the final results of these studies. Of
course, a review of randomized clinical trials shows a 57 % reduction in
mortality in plasma therapy groups compared to control groups [148].
However, differences in techniques and injected CP dose, sample size,
inclusion criteria, and nAbs level raise the question of whether a reliable
conclusion can be drawn on the effectiveness of plasma therapy in
COVID-19.

Table 2 provides some details and results of clinical trial studies on
the effectiveness of CP in the treatment and prevention of COVID-19.
The primary and secondary outcomes and the protocols selected are
different in randomized controlled trials. Also, some details such as
dosage and exact time of CP injection and sometimes NAbs concentra-
tion are unknown.

The US Food and Drug Administration (FDA) has set the minimum
concentration of nAbs for CP effectiveness in COVID-19 patients at 1/
160 [154]. However, in many studies, this level is much lower than the
recommended concentration. The first completed randomized
controlled trial conducted in India by Agarwal et al., CP with low NAbs
concentration (i.e., 1/20) was transfused to some patients, whereas
others received CP containing a higher concentration of antibodies
[151]. It seems that the concentration of NAbs can affect the results of
studies, although there is no evidence that higher concentration of NAbs
improves clinical outcomes. It is suggested that randomized controlled
trials use standardized doses of NAbs and different concentrations to
better compare treatment regimens in different intervention groups. On
the other hand, the time of receiving the first dose of CP and the number
of injections can also affect the outputs. Case studies have shown that CP
injection in the first 72 h of hospitalization can increase a patient’s
chances of survival [152]. However, most randomized controlled trials
did not pay attention to this data or it was performed at different times in
intervention and control groups. Therefore, the design methods of
clinical trial studies and the determination of input variables should be
reviewed and matched.

One of the factors that complicate the analysis of the effects of CP on
COVID-19 is the admission of patients with different degrees of disease
severity. It is also very difficult to predict the effect of oxygen intake and
the patient’s requirement for mechanical ventilation (MCV) on the CP
and control groups. For example, 24.3 % of patients in the study of Li et
al were on MCV at the moment of the inclusion [145]. Since CP may be
helpful in patients with moderate disease or healthy individuals, the
choice of patients by severity of disease can be critical [155]. Also,
placing all patients with different disease intensities in one group can
increase the risk of bias in studies [156]. In addition, the variable vol-
ume of samples in different groups and the poor matching in the groups
receiving CP, in terms of gender, age and disease severity are among the
confounding factors of the study. Thus, further randomized controlled
trials should estimate the efficacy of CP in every stage of disease with an
appropriate sample size.

Most studies considered mortality and early discharge from the
hospital as primary and secondary outcomes in the final conclusion,
while variables such as hospitalization in intensive care units (ICU) and
patients’ requirement for mechanical ventilation were not noticed.
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In addition to all of the above, the lack of proper blinding and the
presence of multiple confounding variables have led to the fact that
existing randomized controlled trials have high bias that make it diffi-
cult to judge the true effect of convalescent plasma on improving the
condition of COVID-19 patients. Lack of homogeneous plasma therapy
regimens, different sample sizes, different primary and secondary data,
selection of patients with different disease intensities, possible compli-
cations from plasma injection and ethical limitations in selecting control
groups all lead to errors in the organized analysis of the clinical trials in
this area. Perhaps in the immediate future, with the effectiveness of
vaccines and control the current pandemic, it will be possible to design
broader and more organized studies on CP therapy in patients with
COVID-19.

8. Phage therapy
8.1. Mechanism of COVID-19 entry to cell

Although the invasive mechanisms of the SARS-Cov-2 are still in
doubt, based on the many similarities between SARS-Cov-2 and other
CoVs, especially SARS-Cov-1 (SARS), it is possible to predict how the
virus enters the cell [157,158]. The new coronavirus, like the SARS-Cov-
1, binds to human ACE2 through spike S proteins, allowing the virus to
enter its genome and replicate it in host cells [159,160]. Unlike the
SARS-Cov, the new one does not use aminopeptidase N (APN) and
dipeptidyl peptidase (DPP) as receptors [161]. Examining ACE2-
expressing and non- ACE2-expressing HeLa cells from different ani-
mals and human in vitro, Zhou et al found that SARS-Cov-2 infected all
ACE2-expressing cell lines except mice, while it could not enter ACE2
non-expressing cells [161].

High expression of ACE2 in various cellular tissues such as respira-
tory tract, bronchial, kidney, tongue epithelial cells, and heart confirms
why these organs play an important role in the pathogenesis of the
disease [157]. The virus binds to ACE2 by making use of its spike (S)
protein which has two functional domains S1 and S2; S1 contains RBD
which interacts with ACE2, and S2 is needed for membrane fusion
[162,163].

X-ray crystallography studies and protein-protein binding assays
using surface plasmon resonance has appeared the difference in several
amino acids in the N-terminal region of the domain has caused much
higher affinity between ACE2 and the SARS-Cov-2 RBD than other
similar viruses, which explains the direct relationship between ACE2
expression and disease severity [164,165]. Not only ACE2 but also the
TMPRSS2 suggest that protease expressions are likely to also contribute
to disease severity [160,164]. TMPRSS2 is widely expressed in respira-
tory epithelial cells and plays an important role in the early activation of
CoVs spike S proteins to enter cells [160,166]. TMPRSS2 mediates S1/S2
cleavage which is required S protein priming to bind ACE2 [166]. Since
there is no effective drug in the treatment of COVID-19, it is possible to
prevent the progression of the disease by inhibiting or neutralizing any
of the effective components in the process of virus entry into host cells.

8.2. Receptor binding domain inhibitor and ACE2 blockers (anti-ACE2
monoclonal antibodies)

The S protein of SARS-CoV-2 serves as an essential component of the
virus for cellular attachment, fusion, and viral entry. RBD is located in
middle of S1 subunit and directly binds to the peptidase domain (PD) of
ACE2 [167]. SARS-CoV-2 RBD has a greater affinity to bind to ACE2
than its cousins, which has led to greater infectivity and consequent
greater mortality of the new coronavirus. So, one hypothesis is that if we
inhibit RBD with monoclonal antibodies or molecular components
before binding to ACE2, we will probably prevent more cells from
becoming infected with the virus. Some hypertension drugs such as N-
(2-aminoethyl)-1 aziridine-ethanamine, captopril, perindopril, ramipril,
lisinopril, benazepril, and moexipril as a novel ACE2 inhibitor might be



Table 2
Randomized controlled trials in convalescent plasma COVID-19.
Authors Study Patients Age Gender Severity of Severity Time of Dosage Antibodies Standard of Care Primary Outcomes
Number Disease of Disease ~ Administration Concentration Outcomes
Intervention  Control
Group Group
R. Libster et al. randomized, 80 were 77.2 + 8.6 100 patients ~ unknown unknown Convalescent unknown 1/3200 no mention severe Plasma with IgG
[149] double-blind, assigned to years (62 %) were plasma or respiratory titers of 1:3200
placebo- receive women placebo was disease or higher
controlled trial convalescent administered developed in 13 reduced the risk
plasma and less than 72 h of 80 patients of severe
80 were after the onset of (16 %) who respiratory
control symptoms received disease by 73 %,;
convalescent this exploratory
plasma and in 25  result directly
of 80 patients implicates
(31 %) who antibodies as the
received placebo  active
(relative risk, therapeutic
0.52; 95 % ingredient in
confidence convalescent
interval [CI], plasma.
0.29t00.94; P =
0.03)
Ling Lir, et al. Open-label, 52in 70 years 60 [58.3 %] Total 52 Total 51 Unknown 4-13 mL/kg Unknow Antivirals, antibiotics, = There was no Among patients
[145] multicenter, intervention male 14 in WHO-7 11 in schedule of exactly steroids, human significant with severe or
randomized group and 51 21 in WHO-5 WHO-7 administration concentration immunoglobulin, difference in 28-  life-threatening
clinical trial in control 15in WHO-4 23in of NADbs. Chinese herbal day mortality COVID-19,
group 2 in WHO-3 WHO-5 medicines, or (15.7 % vs 24.0 convalescent
15in interferon %; OR, 0.59 [95  plasma therapy
WHO-4 % CI, added to
1 in WHO- 0.22-1.59]; P = standard
3 0.30) or time treatment,
lexcluded from compared with
randomization standard
to discharge treatment alone,
(51.0 % vs 36.0  did notresultina
% discharged by  statistically
day 28 significant
improvement in
time to clinical
improvement
within 28 days.
Hassan nonrandomized 115 54.41 + 67 males unknown unknown  The first 500 cc ~ unknown unknown routine antiviral Total of 98 (98.2  convalescent
Abolghasemi, clinical trial convalescent 13.71 in (58.3 %) in (one unit) therapy including %) of patients plasma
etal. [150] plasma plasma group plasma plasma nwas Lopinavir/Ritonavir, who received treatment should
treatment 56.83 + group, 37 infused within Hydroxychloroquine convalescent be considered as
group and 74  14.98 in males (50.0 four hours and if and an anti- plasma were a safe and
control group  control %) in control the patient did inflammatory agent discharged from effective therapy
group group. not show any hospital which is for COVID-19
48 females improvement substantially patients.
(41.7 %) in after 24 h, based higher compared Convalescent
plasma on the decision to 56 (78.7 %) plasma therapy
group, 37 of responsible patients in substantially
females physician, control group. improved
(50.0 %) in another unit of Length of patients’
hospital stay was ~ survival,

(continued on next page)
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Table 2 (continued)

Authors Study Patients Age Gender Severity of Severity Time of Dosage Antibodies Standard of Care Primary Outcomes
Number Disease of Disease ~ Administration Concentration Outcomes
Intervention  Control
Group Group
control plasma was significantly significantly
group. administrated. lower (9.54 reduced

days) in hospitalization
convalescent period and needs
plasma group for intubation in
compared with COVID-19
that of control patients in
group (12.88 comparison with
days). Only 8 control group.
patients (7 %) in
convalescent
plasma group
required
intubation while
this value was
20 % in control
group.

Agarwal, et al. open label, Total 235 in 52(42-60)in 177 Men (75) unknown unknown 200 mL in two unknown NAbs 1/20 Hydroxychloroquine, Progression to Convalescent

[151] parallel arm, intervention intervention  in doses separated Remdesivi, Lopinavir/  severe disease: plasma was not
phase II, group & 229 group, 52 intervention by 24 h Ritonavir, Oseltamivir, OR: 1.09 (95 % associated with a
multicentre, in control (41-60) in group, 177 broad spectrum CI, 0.67-1.77) reduction in
randomised group control Men (77) in antibiotics, steroids, Mortality:OR progression to
controlled trial group. control group Tocilizumab, Heparin,  1.06 (95 % CI, severe covid-19

Azithromycin, or 0.61-1.83) or all cause
Intravenous mortality.
immunoglobulin

Eric Salazar, etal cohort total 25 51 years 14 were unknown unknown unknown unknown unknown Most patients received  Of the 25 Outcomes from
[152] patients female concomitant anti- patients, 9 had this case series of

inflammatory improvement by 25 patients

treatments within 5 day 7, and an indicate that

days of the plasma additional 12 administration of

transfusion, including patients (for a convalescent

tocilizumab and total of 19) had plasma is a safe

steroids. improvement by  treatment option

day 14. for those with

severe COVID-19
disease.

Ventura A. double-blind, total of 228 62.5 female: 29/ unknown unknown  The mediantime unknown median titer of  Patients were allowed Overall No significant
Simonovich, placebo- patients were  (53-72.5) in = 4% in from the onset of 1:3200 to receive antiviral mortality was differences were
[153] controlled, assigned to intervention  intervention Covid-19 agents, glucocorticoids, 10.96 % in the observed in

multicenter trial  receive group, 62 group, 39 % symptoms to or both according to convalescent clinical status or

convalescent  (49-71) in in control enrollment was the standard of care at  plasma group overall mortality

plasma and control group 8 days the provider health and 11.43 % in between patients

105 to receive  group. care institution. the placebo treated with

placebo group, for arisk  convalescent
difference of — plasma and those
0.46 percentage  who received
points (95 % CI,  placebo.
—7.8t06.8)

Gharbharan et al  clinical trial Total 86 63 (IQR 56 —  Patients were 7 in WHO-3 1in WHO- 2 receive an 300 mL single ~ Unknow Chloroquine, Clinical
[146] (43 cases in 74) years of  mostly males 31 in WHO-4 3 additional dose  dose. Subjects  exactly Azithromycin, improvement:

each group) age 34 in in five days without concentration Lopinavir/Ritonavir, OR 1.30 (95 %

(continued on next page)
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Table 2 (continued)

Authors Study Patients Age Gender Severity of Severity Time of Dosage Antibodies Standard of Care Primary Outcomes
Number Disease of Disease ~ Administration Concentration Outcomes
Intervention  Control
Group Group
or5 WHO-4 or improvement of NAbs. Tocilizumab, or CI, 0.52-3.32)
8in WHO-6 5 of clinical Authors argued  Anakinra Mortality: OR
or7 5in WHO- status or for an 0.95 (95 % CI,
6or7 persistently approximately 0.20-4.67,P V4
positive concentration 0.95) Time to
RT-PCR for of 1/ 80.1gG 1/ discharge: HR
SARS CoV-2 640 0.88 (95 % CI,
0.49-1.60, P V4
0.68)
Balcells et al. Open-label, Total 58(21in  65.8 years 50 % male in different in unknown 200 mL in two Nabs 1/160 Steroids, Tocilizumab, Immediate
[147] single-center, plasma contol stages different doses 1gG titers 1/400  Hydroxychloroquine, addition of CP
randomized and 24 in stages separated by Lopinavir/Ritonavir, therapy in early
clinical trial control 24 h Thromboprophylaxis, stages of COVID-
group) or Heparin 19 -compared to

its use only in
case of patient
deterioration-did
not confer
benefits in
mortality, length
of
hospitalization
or mechanical
ventilation
requirement.
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effective treatment for covid-19 to block the RBD/ACE2 interaction
[162,168].

On the other hand, monoclonal Ab targeted SARS-CoV-2 RBD or
ACE2 can be a worthy drug to inhibit RBD/ACE2 interaction. Also, the
CR3022 is a SARS-CoV-1 specific human monoclonal antibody to block
RBD and the human 47D11 antibody binds to cells expressing the full-
length spike proteins of SARS-CoV and SARS-CoV-2 [169,170]. The
47D11 antibody was found to potently inhibit infection of VeroE6 cells
with SARS-S and SARS2-S pseudotyped VSV with ICsg values of 0.061
and 0.061 pg/mL [169]. These antibodies, alone or in combination with
other antiviral drugs, can inhibit the binding and fusion of the virus and
thus provide good investment options as SARS-CoV-2 drugs.

8.3. Soluble ACE2

One possible hypothesis for the prevention and treatment of COVID-
19 is the use of the extracellular portion of ACE2 in solution. The human
soluble ACE2 can act as a competitor to the main receptor, which is
located on the cell surface, thus binding to virus spikes to neutralize the
virus [171]. Human recombinant soluble ACE2 (rhACE2) has showed an
inhibitory effect on SARS-CoV-2 infection in vitro condition [172].
Although rhACE2 alone requires a high dose to be effective, studies
show that the combination of rhACE2 with other drugs, while increasing
the effectiveness of rhACE2 and the drug, also leads to further neutral-
ization of the virus. Vanessa Monteil et al hypothesized that combining
two different modalities of anti-viral activity using remdesivir and tar-
geting SARSCoV-2 entry into cells by hrsACE2 might show additive ef-
fects. Testing on Vero6, they approved that concomitant use of
remdesivir and hrsACE2 significantly reduced the infectivity of the virus
[173]. Sun et al. also found that the use of cyclodextrin in combination
with hrsACE2 increased its water solubility and could be used as an
inhalable drug against SARS-CoV-2 [174]. However, these methods
need to be studied in further studies, including clinical trials.

8.4. Host proteases inhibitors

SARS-CoV-2 spike S protein is dependent on host cell proteases as
TMPRSS2 and endosomal cysteine proteases cathepsin B and L (CatB/L)
for activation and attachment [160,166].

Stoptek et al. suggested that not only CoVs but also influenza viruses
use this primary activation mechanism [166]. These proteases are
widely expressed in the airways and bronchial epithelial cells and are
also affected by the body’s androgen signaling, which results in
increased TMPRSS2 expression, which may explain the increased
COVID-19 mortality in men [175,176].Thus, TMPRSS2 inhibitors could
have promising effects in inhibiting viral entry. However, CatB/L and
TMPRSS2 inhibitors could not totally prohibit SARS-CoV-2 entry in an in
vitro study [160]. Other in vitro studies reported MI-432, and MI-1900,
and aprotinin (a broad range serine protease inhibitor) attenuate
TMPRSS2 protease activity. Moreover, MI-1851, a synthetic furin in-
hibitor, reduced viral replication significantly. These TMPRSS2 in-
hibitors are shown more effective result when combined [166,177,178].
Although all molecular inhibitors and monoclonal antibodies have
shown appropriate inhibitory properties in cell lines and molecular
studies to combat the CoVs and can be considered as suitable drug and
vaccination options, but there were no clinical trials studies and the lack
of knowledge of the side effects of these drugs have created many lim-
itations for use in coronavirus drug regimens.

9. Conventional therapy

Although there are insufficient clinical data to approve the clinical
effectiveness of drugs for COVID-19, different studies suggest some
agents can serve as potential drug candidates for COVID-19 manage-
ment (Table 3). However, data on the safety and efficacy of these
therapies are limited [179].
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9.1. Chloroquine and hydroxychloroquine

Chloroquine and hydroxychloroquine (HCQ) have been shown to
have anti-viral effects [180]. The worldwide, attention to CHQ as a
promising drug for COVID-19 was made by studies that suggested it
antiviral activity at both arrivals and at post-arrival stages of COVID-19.
According to the previous studies, these effects might include inhibiting
terminal phosphorylation and glycosylation of ACE2, enhanced the pH
of the endosome, inhibiting replication of SARS-CoV-2, and reducing
induction of cytokines [180-182].

HCQ has been studied more than chloroquine, probably due to its
lower toxicity and higher antiviral efficacy for COVID-19. These pa-
rameters along with, oral administration, cheaper cost, and safety his-
tory in cure of malaria and systemic lupus erythematosus [183,184] led
to the approval of HCQ for COVID-19 and On March 28, 2020, the FDA
issued an Emergency Use permission for HCQ e to cure adults hospi-
talized with COVID-19 [185].

A recent large cohort study conducted in 33 hospitals and clinical
centers in Italy with 3,451 patients with confirmed SARS-CoV-2 infec-
tion demonstrated that treatment with HCQ was associated with a sig-
nificant better survival [186]. Moreover, an open-label non-randomized
clinical trial has asserted that HCQ (with or without azithromycin) is
useful in treating COVID-19 [187]. In recently, there has been an
increasing amount of literature on the lack of effectiveness of these
drugs [39,73,184,188-190].

A blinded, placebo-controlled randomized trial of low dose HCQ n
patients with COVID-19 in 34 hospitals in the US, reported no difference
clinical status between groups treated with, compared with placebo
[73]. Another randomized double-blind, placebo-controlled clinical trial
of high dose HCQ in high-risk or moderate-risk exposure patients with
COVID-19, showed HCQ had no prophylaxis effect in the incidence of
new COVID-19 infection [189]. Moreover, an observational controlled
study of patients with COVID-19 pneumonia in French, reported that
treatment at 600 mg/day of HCQ was not associated with a reduction of
admissions to the ICU or survival at 21 days after hospital admission
compared with standard care eight of 84 patients receiving hydroxy-
chloroquine had the drug stopped due to electrocardiogram changes
[184]. QT corrected for heart rate (QTc) prolongation in patients treated
with HCQ was reported that in some cases led to stop the remedy
[184,188,191]. Furthermore, increasing liver-enzyme levels, headache,
dizziness, nausea, vomiting, and stomach pain, loss of appetite, skin rash
were other side effect of HQC [188].

The evidence presented to date suggested this drug did not have
much effect at different times from the onset of the COVID-19 and in
different doses, and due to the possible side effects of its, researchers
claim that HCQ was not useful, maybe even adverse. Finally, the FDA
revoked the permission for HCQe to cure adults hospitalized with
COVID-19 on June 15, 2020.

9.2. Glucocorticoids

Corticosteroids have been utilized to prevent excessive lung damage
and respiratory distress during the SARS and MERS outbreak [192]. It
was considered that cytokine storm in the second week of disease would
extend COVID-19 pneumonia and respiratory symptoms [42]. There-
fore, anti-inflammatory drugs such as corticosteroids have been raised as
a promising target for the cure of COVID-19.

The results of the some observational study reported that cortico-
steroid prescribe did not considerable effect on symptoms duration, term
of hospitalization and virus clearance in COVID- 19 patients [42]. In this
regard, other studies contribute additional evidence that suggests the
corticosteroids probably associated with elevated ICU admission, mor-
tality risk, and prolonged viral clearance [46,193,194]. However, with a
small sample size, caution must be applied, as the finding not be
transferable to public. Currently, the evidence from the controlled,
open-label study was suggested that dexamethasone (6 mg given once
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Table 3
List of studies on COVID-19 treatment using conventional therapy.
Country Study Drug Patients Number Dose Duration Aims of study Main results Ref.
(ClinicalTrials. of
gov number) treatment
(day)
France Observational HCQ 84 received HCQ 600 mg/day 2 Effectiveness of This study do not HCQ [215]
and 89 control HCQ in COVID-19 in patients who require
oxygen
Italy Retrospective HCQ Out of 3,451, 2634 400 mg/day1 10 HCQ effect on and HCQ was associated [216]
observational received HCQ COVID-19 in- with a 30 % lower risk
hospital mortality of death
France Non-randomized HCQ and AZT 26 received HCQ, 600 mg HCQ/day 5 HCQ and AZT as a HCQ is reduce viral [217]
clinical trial 16 controls. Among  AZT (500 mg on treatment of load and its effect is
HCQ group, 6 day1 followed by COVID-19 reinforced by AZT
received AZT 250 mg/day
Brazil Clinical trial HCQ and AZT 217 received HCQ HCQ 400 mg twice 7 Effect of HCQ and HCQ, alone or with [218]
(NCT04322123) plus AZT, 221 daily AZT AZT, did not improve
received HCQ, and AZT 500 mg/day clinical status
229 control
United States Clinical trial HCQ HCQ group (414), 800 mg once, 5 HCQ as pos- HCQ did not prevent [219]
(NCT04308668) placebo group followed by 600 mg texposure illness
(407) in 6 to 8 h, then 600 prophylaxis
mg/day for 4 days
United States Observational HCQ 811 received HCQ, 600 mg twice on 5 HCQ use would be HCQ was not [220]
study 565 control day 1, then 400 mg/ associated with a associated with
day lower risk of a lowered or an
composite end point  increased risk of the
of intubation or composite end point of
death intubation or death
Brazil Clinical Trial cQ 81 patients were high-dosage 600 mg - Safety and efficacy The higher CQ dosage [221]
(NCT04323527) randomized low- twice daily for 10 of CQ not be recommended
dosage group and days or low-dosage
41 high-dosage 450 mg twice daily
group on day 1 and once
daily for 4 days
China Retrospectively Adjuvant Out of 244, 151 hydrocortisone- Corticosteroids in Corticosteroid not [222]
corticosteroid given adjuvant equivalent dosage critically COVID-19 associated with
therapy corticosteroid 200 [range mortality.
100-800] mg/day Increased
corticosteroid dosage
is significantly
associated with
elevated mortality risk
United Clinical Trial Dexamethasone Of the 11,303, 9355 6 mg/ day Median 7 Glucocorticoids Dexamethasone [223]
Kingdom (NCT04381936) received days (3 to reduce respiratory decreased mortality
dexamethasone 10) failure and death among patient
received invasive
mechanical ventilation
or oxygen alone but
not among those
receiving no
respiratory support
China Retrospective Heparin Out of 449, 99 94 received LMWH 7 Heparin decreased LMWH is associated [198]
received heparin (40-60 mg mortality in severe with better prognosis
(mainly LMWH) enoxaparin/d) and COVID-19 in severe COVID-19
five received
unfractionated
heparin (10 000-15
000 U/d),
Italy Retrospective Fondaparinuxvs 74 received Enoxaparin (4,000 - Safety and Fondaparinux is [224]
Enoxaparin enoxaparin and 46 or 6,000 units/day), effectiveness of VTE  appropriate for VTE
received fondaparinux (2.5 prophylaxis with prophylaxis of COVID-
fondaparinux units/day). fondaparinux and 19.
enoxaparin in
COVID-19
United States, Cohort Remdesivir 61 patients 200 mg on day 1, 10 Outcomes of severe Clinical improvement [225]
Europe, received remdesivir  followed by 100 COVID-19 patients in 68 % of patients
Canada, mg/day received remdesivir
Japan
China Clinical Trial Remdesivir 158 receive 200 mg on day 1 10 remdesivir in This dose of remdesivir [226]

(NCT04257656)

remdesivir, 79
receive placebo

followed by 100 mg
/day
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patients with severe
COVID-19

has sufficiently
tolerated but had not
offer significant
antiviral effects in
severe COVID-19

(continued on next page)
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Country Study Drug Patients Number Dose Duration Aims of study Main results Ref.
(ClinicalTrials. of
gov number) treatment
(day)
United States, Clinical Trial Remdesivir 197 received a 10- 200 mg on day 1 5o0r 10 evaluate the Patients randomized to [211]
Europe, (NCT04292730) day course of followed by 100 efficacy and adverse  a 5-day course of
Asia. remdesivir, 199a5-  mg/day events of remdesivir ~ remdesivir had a
day course of administered for 5 statistically significant
remdesivir and 200 or 10 days in difference in clinical
received standard COVID-19. status
care
United States, Clinical Trial Remdesivir 541 assigned to 200 mg on day 1 10 To evaluate the Remdesivir was [227]
Denmark, (NCT04280705) remdesivir and 521 followed by 100 clinical efficacy and  superior to placebo in
United to placebo mg/day safety of remdesivir  shortening the
Kingdom, in hospitalized recovery time in adults
Greece, adults COVID-19
Germany,
Korea,
Mexico,
Spain,
Japan,
Singapore

1: In one center it has used at the dose of 600 mg/day and in another at the dose of 600 mg/day but only in patients younger than 65 years.
Abbrevation: AZT: Azetromycin, CQ: Chloroquine, HCQ: Hydroxychloroquine, LMWH: low molecular weight heparin, VTE: Venous thromboembolism.

daily for ten days) attenuated the mortality in hospitalized patients that
receiving respiratory support (mechanical ventilation or oxygen), while,
in COVID-19 patients with a mild condition and receiving no oxygen
support, the drug was not effect [195]. However, corticosteroids act as a
double-edged sword in complication of COVID-19 due to its immuno-
modulation and immunosuppression effect that can elevated risk of
secondary infections [182]. According to the controversial results and
adverse effects of corticosteroid, for use of this drug in the remedy of
COVID-19 must be careful in assign the dose, timing, and duration of
prescribing. It is recommended that glucocorticoids are being prescribed
for a limited time (3-5 days), with a dosage not more than the equivalent
of methylprednisolone 1-2 mg/kg/day for severe COVID-19 patients.
Given the immunomodulatory effects of corticosteroid, the upper dose
can delay the removal of the virus for a long time [196]. WHO permitted
the consumption of dexamethasone in severe to critical conditions only,
not be routinely [197]. Finally, corticosteroid therapy in COVID-19
patients may be case-based and the drug can be used for the correct
patient at the right time.

9.3. Anticoagulant (Heparin, Enoxaparin, Fondaparinux)

Thromboinflammation or COVID-19-associated coagulopathy is a
condition that inflammatory cytokines, stimulate the coagulation sys-
tem and counteract anticoagulant mechanisms, result in defective
coagulation activity, small-vessel vasculitis, and wide microthrombosis
[198]. Therefore, it was suggested consumption of anticoagulation dis-
counted these complications.

Primitive data proposes that heparin and enoxaparin revealed
promising effect and can instate novel therapeutic chance in the cure of
COVID-19 [198,199]. The WHO approved the utilization of heparin, as a
prophylaxis drug for venous thromboembolism (VTE) in COVID-19 pa-
tients [200].

A retrospective study reported that in the heparin group, the inci-
dence of death was lower than in the non-heparin group, (40.0 % vs
64.2 %). although, not statistically significant. Moreover, p-dimer, pro-
thrombin time, and age were directly, and platelet count was inverse,
associate with 28-day mortality in multivariate analysis [198]. The as-
sociation between heparin and survival is agree with the findings of an
observational study where among the 1734 Spanish patients who
received heparin and mortality was significantly lower [201]. Another
recent observational cohort study from Italy examined the effect of

13

enoxaparin with the median dose of 40 (40-80 mg) per day and in 6
(3-9) days duration of therapy. Enoxaparin therapy was correlated with
improvement of COVID-19 prognosis in patients, and reduced in-
hospital mortality, and risk of intensive care admission [199]. Further-
more, according to Russo, fondaparinux has a greater net clinical
advantage compared with enoxaparin with a numerically lower number
of both ARDS and death events. The preliminary evidence of this study
demonstrates, safety and effectiveness of fondaparinux for VTE pro-
phylaxis in hospitalized COVID-19 patients. [202]. Of note, larger
multicenter prospective studies specially randomized controlled trial)
are needed to confirm these finding.

9.4. Remdesivir

Remdesivir (RDV) is a broad-spectrum antiviral drug that inhibits
viral RNA polymerases. It was shown, by a competitive inhibition,
incorporated into the generating RNA strand instead of triphosphate
(ATP) and caused preventing viral replication [203,204]. According to,
safety and clinical efficacy of RDV against Ebola, and RNA virus families
(SARS-CoV and MERS-CoV) infection, it may become a suitable drug
target for the treatment of COVID-19 [205]. In the same vein, in vitro
efficacy of RDV against COVID-19 infection has been tested and sug-
gested remdesivir as an extremely effective agent against COVID-19
infection [206]. Intravenous administration of RDV r was performed
in the first case of COVID-19 in the US on day 7 of diseases, and
improvement was observed followed by discontinuation of supple-
mental oxygen and improvement in oxygen saturation [207].

A study based on results from 53 patients who received RDV during
10-day, showed a clinical improvement in 68 % of patients, by signifi-
cant betterment oxygen-support status, reduction in the need for me-
chanical ventilation and a reduction in mortality in those [208].
However, in a recent placebo controlled randomized trial of RDV in
patients with severe COVID-19, reported that intravenous RDV use was
not associated with a significant clinical improvement, mortality or time
to clearance of virus [209]. Notwithstanding, patients treatment with
RDV had a numerically faster time to clinical improvement than those
receiving placebo [210]. In the open-label, randomized study of
remdesivir in hospitalized patients with moderate-severity COVID-19,
patients who received RDV for 5 days had more favorable clinical
outcome than those receiving standard care. This efficacy was not seen
with the 10-day course [211]. A without placebo randomized phase 3
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clinical trial evaluated the efficacy and safety of treatment with
remdesivir for 5 or 10 days in patients with severe COVID-19. Two-
hundred patients were assigned to receive a 5-day course of remdesivir
and 197 a 10-day course (200 mg of RDV on day 1 and 100 mg once
daily on subsequent days). There were no significant differences in ef-
ficacy of RDW between two groups [212]. Moreover, in another, ran-
domized double-blind, placebo-controlled trials, was reported RDV
effect was superior in shortening the time to recovery than placebo (11
days versus 15 days) [213]. In accordance with the experimental evi-
dence on RDV, the FDA issued an Emergency Use Authorization on May
1, 2020 (modified on August 28, 2020), to permit the use of RDV for
treatment in adults and children hospitalized with suspected, or labo-
ratory confirmed COVID-19. RDV can cause GI symptoms (e.g., nausea,
vomiting, and constipation), elevated transaminases and renal failure,
and prothrombin time elevation [208,212,214] that possible side-effects
of treatment with RDV are valuable for further research.

10. Conclusion

Clinical result about the safety and efficacy of agent therapy used
remains scanty and the search for a magic drug against COVID-19
continues. To date, protocols developed and studies have been done
have included the utilization of chloroquine and HCQ with negative
results, glucocorticoids with promising results in case-based, anticoag-
ulant with promising results, and RDV with promising results. Taken
together, treatment with one drug alone is not likely to be sufficient for
all patients, and a variety of therapeutic approaches and combination of
drugs and approaches are needed to evaluating, and identifying safe and
effective therapy against COVID-19.
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