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Abstract: Acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has a great
potential to overwhelm the world healthcare systems that may lead to high morbidity and
mortality. It also affects world economic development in the future. Currently, no proven
effective drugs or vaccines are available for the management of COVID-19 disease. The pace
of normal drug development progression is unacceptable in the context of the current
pandemic. Therefore, repurposing the existing drugs that were used for the treatment of
malaria, Ebola, and influenza helps rapid drug development for COVID-19. Currently,
several repurposing candidate drugs are in a clinical trial including, chloroquine monoclonal
antibodies, convalescent plasma, interferon, and antiviral therapies. Antiviral drugs like
arbidol, remdesiv and favirnavir are the most promising due to the similarities of the viruses
regarding viral entry, fusion, uncoating, and replication. This review article provides an
overview of the potential therapeutic agent, which displayed better clinical treatment out-
comes. Moreover, with further understanding of the SARS-CoV-2 virus, new drugs targeting
specific SARS-CoV-2 viral components arise, and investigations on these novels anti-
SARSCoV- 2 agents are also reviewed.
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Background

Coronaviruses (CoVs), belonging to the family Coronaviridae, are positive-sense
enveloped RNA viruses and cause infections in birds, mammals, and human beings.
The family has four genera: alpha, beta, delta, and gamma. From these genera, beta
and alpha CoVs infect human beings. Even though most CoVs infection causes
a mild symptom, the infection of the two beta CoVs, namely Severe Acute
Respiratory Syndrome coronavirus (SARS-CoV) and the Middle East Respiratory
Syndrome coronavirus (MERS-CoV), caused greater than 10,000 cases with mor-
tality rates of 37% for MERS-CoV and 10% for SARS-CoV.'

Unexpectedly, the world has faced a severe public health problem due to the
current pandemic of atypical pneumonia caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) in Wuhan, China. SARS-CoV-2 is the etiolo-
gical agent of COVID-19 disease, an acute pulmonary syndrome characterized by
dry cough, fever, fatigue, muscle aches, headache, dyspnea, and atypical pneumo-
nia. In the severe state, SARS-CoV-2 causes cute Respiratory Distress Syndrome,
ie, a lung inflammation that causes fluid accumulation that leads to septic shock due
to decreased blood pressure and oxygen starvation.*> The World health organiza-
tion declared COVID-19 as a pandemic on March 11" 2020. The COVID-19
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outbreak spread all over the world with more than
62,730,726 confirmed cases and 1,459,317 confirmed
deaths worldwide as of November 30th, 2020.°

Structure of SARS-CoV-2 Virion

CoVs are enveloped plus single-stranded (positive-sense)
RNA viruses. CoVs have the largest genomes (29.9-kilo-
base) among the known RNA viruses with several open
reading frames (ORFs).” The two ORF (ORF1a/ORF1b) in
combination contain two-thirds of the viral genome which
directly encodes two polyproteins; namely, ppla and
pplab using host cell protein translation machinery.
These polyproteins further processed into 16 non-
structural proteins (nsps) by viral proteases enzymes like
papain-like protease (PLpro) and 3C-like protease
(3CLpro). Most nsps involved in the synthesis viral
RNA. These nsps are Mpro, cleaves viral polyprotein
(nsp5), RNA-dependent RNA polymerase (nspl2), RNA
binding protein (nspl2), primase (nsp8), exoribonuclease
(nsp14), endoribonuclease (nspl5), RNA helicase (nspl3)
and 2_-O-methyltransferase (nsp16) which are important
for viral replication. The remaining ORFs posses one-third
of the viral genome like SARS and MERS translates the
four structural proteins and the accessory proteins.®’

Spike protein (S) is a transmembrane protein, lies as
a trimer on the virion surface, giving the virion a “corona”
or crown-like appearance. S protein facilitates the virus's
entrance into Type II pneumocyte through interaction with
the ACE2 receptor. S protein is the most immunodominant
proteins of the viruses that can induce the host immune
response. It has two domains, S1 and S2 domain. SI
domain helps in host receptor binding while; S2 domain
is responsible for the fusion of the viral membrane with
the infected cell. The former (S1) contains two subdo-
mains, namely the N- terminal domain (NTD) and C-
terminal domain (CTD) which act as the receptor-binding
domains interacting with the host receptors. The S1 CTD
contains the receptor-binding domain (RBD).'%!?

M protein is the most abundant structural protein that
gives a definite shape to the virus. M protein induces the
suppression of the IFN-I transcription along with nsp-1
that break down the host’s mRNA. M protein has a vital
role in the intracellular formation of virus particles without
S protein. In the presence of Tunicamycin, coronavirus
produces noninfectious virion that has M protein but with-
out S protein."* The E protein is the smallest structural
protein that has a vital role in the pathogenesis, assembly,
and exocytosis of the new virion. Inactivation of E protein

affects the virulence of CoVs. The nucleocapsid (N) pro-
tein affects complex formation with viral genome, facil-
itates M protein interaction during assembly, and enhances
transcription of the viral genome. Several studies proposed
that both the structural and non-structural proteins act as
promising novel targets to develop a new drug.'*

Current Treatment Strategies for COVID-19

Currently, there is no known antiviral agent approved for
the management of COVID-19 disease. However, several
studies are undergoing to develop an effective and safe
drug to control COVID-19 disease.'>'® Currently, the
management of severe COVID-19 cases mainly focused
on symptomatic management and supportive care.
According to World health organization guidelines,
a patient infected with SARS-CoV-2 virus managed with
supportive care like adequate nutrition, bed rest, preven-
tion of dehydration, and antibiotics. World health organi-
zation endorses extracorporeal membrane oxygenation for

patients 17,18

presenting with refractory hypoxemia.
Preventive measures such as social distancing, mainte-
nance of good immunity, use of masks, awareness, and
maintenance of hygiene, isolation, and movement restric-
tions can help in control of SARS-CoV-2 virus spreading.
Besides, several studies are ongoing on vaccine develop-
ment, repurposing of clinically approved drugs, inhibiting
enzymes used during viral replication and transcription,
using convalescent plasma, host cell endocytosis inhibi-
tors, interferon-based therapies, mAbs target host cell
receptor, neutralizing antibodies, antiviral peptide act at

S2 domain and natural product."®

Potential Therapeutic Target for Drug

Development for COVID-19

SARS-CoV-2 is characterized by high contagiousness,
high morbidity, and mortality. Similar to MERS-CoV and
SARS-CoV, no specific antiviral drug developed for
COVID-19 disease treatment so far. Many researchers
proposed several therapeutic targets of the virus to dis-
cover high-efficiency, low-toxicity-targeted drugs.?’
Inhibiting the SARS-CoV-2 virus with monoclonal anti-
bodies or convalescent plasma, block the host ACE2
receptor, blocking viral endocytosis, and inhibition of pro-
teolysis of polypeptides that are involved in viral replica-
tion and proliferation are some of the proposed target sites
as displayed in Figure 1.2'** But, new drug development
from scratch is a long process, thus impossible to face the

immediate global challenge. Drug repurposing is an
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emerging strategy that provides a new treatment option for
SARS-CoV-2 at a faster pace than developing a new drug.
By relying on the already known pharmacokinetic and
pharmacodynamic property of the repurposed drugs,
researchers gain a chance to evaluate a large number of
drugs for their in vitro and in vivo antiviral activity against
novel targets. The repurposing method saves time and
money for developing a new drug. In this context,
Several Repurposed drugs evaluated and displayed anti-
viral effects against SARS CoV-2.%%

Viral Enter and Fusion Inhibitor
Recombinant Human Angiotensin-Converting
Enzyme 2 (APNOI)

The S protein is proposed as the main drug target for
isolating CoV antiviral agent such as S protein blocker,
neutralizing antibodies, S protein cleavage blocker, RBD—
ACE?2 interaction inhibitor, fusion inhibitor, and protease
enzyme inhibitors."' Angiotensin-converting Enzyme 2
(ACE2) is a membrane protein that is highly expressed
in lung alveolar cells. It is the main entry site for the
SARS-CoV-2 into cells.>* ACE2 exists in two forms;
a transmembrane receptor with an extracellular domain
that uses the SARS-CoV-2 spike protein receptor and as
a soluble form. So inhibiting the S protein binding to the
host cell ACE2 transmembrane receptor is a promising
strategy against SARS-CoV-2 Infection. Emodin and pro-
mazine interrupted the binding of S protein to the host cell
ACE2 receptor. The selective ACE2 inhibitor DX600 may
display an effect in SARS-CoV-2 infections; however, its
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clinical effect in COVID-19 has not been studied. Besides,
administering an excessive soluble form of ACE2 recom-
binant human Angiotensin-converting Enzyme 2
(rthACE2) produced significant blockage SARS-CoV-2
entry by blocking the S protein from interacting with
host ACE2 transmembrane receptor and down-regulates
transmembrane ACE2 receptor that facilitate virus
entry.”**> APNO1 is a rhACE2 agent registered with
a clinical trial number (NCT04335136) in Phase II to
evaluate the role of thACE2 in COVID-19 pneumonia.
In a similar strategy ACE2 expressing CAR T cells as
a decoy with cytotoxic targeting SARS-CoV-2 virus regis-
tered on (NCT04324996) as a phase II trial.>®*’

Chloroquine and Hydroxychloroquine (CQ/HCQ)
CQ/HCQ is an antimalarial agent used for the management
of chronic Q fever and different autoimmune disorders. It
has a broad-spectrum antiviral effect including SARS cor-
onavirus, Zika virus, rabies virus, Ebola virus, poliovirus,
HIV, influenza A and B, hepatitis A and C virus,
Chikungunya virus, and Dengue virus. CQ/HCQ blocks
the entrance, fusion, release and replication of different
viruses by various modes of action.”®* CQ/HCQ blocks
the viral entrance by inhibiting the synthesis of sialic acids
that causes suppressed binding affinity between the host
ACE2 receptor and the S protein.

CQ/HCQ binds with host cell sialic acids, inhibiting
S protein interaction with the host cell membrane. CQ/
HCQ also blocks the endocytosis of SARS-CoV-2 by
suppressing the phosphatidylinositol binding clathrin
assembly protein. CQ/HCQ stored in endosomes, Golgi
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apparatus, and lysosomes where it increases the pH of
these acidic organelles. The increased pH inhibits acid-
dependent proteolytic breakdown by protease enzymes
like cathepsin or transmembrane serine protease 2
(TMPRSS?2) that are crucial for viral fusion and entry by
endocytosis into the host cells. Recent studies showed that
CQ/HCQ inhibits replication and post-translational mod-
ification of SARS-CoV-2 proteins in simian Vero cells by
increasing endosomal pH crucial for virus/host cell
fusion.***! CQ/HCQ inhibits endosome-lysosome mem-
brane fusion that leads to viral membrane uncoating and
genome exocytosis into the host cell cytoplasm as shown
in SARS-CoV. The immunomodulatory effect of CQ may
also important in regulating the cytokine storm that occurs
in critically ill COVID-19 patients.>'? Gao et al showed
that CQ has a significant effect in controlling the exacer-
bation of pneumonia, improves lung imaging, facilitate the
virus-negative conversion, and decrease the disease
course.>’ Thus, several countries initiated clinical trials
to determine the efficacy of CQ/HCQ in COVID-19
disease.

Andrea Cortegiani et al reviewed the efficacy and
safety CQ/HCQ on 32 studies (6 RCTs, 26 nonrando-
mized) for a total of 29,192 participants. Among 32 stu-
dies only two studies had a low risk of bias. So, the quality
of these studies remains poor and data cannot be synthe-
sized to clear conclusions regarding the efficacy and safety
of CQ/HCQ. Data from Low and moderate risk of bias
studies proposed treatment of hospitalized COVID-19
patients with CQ/HCQ may not decrease the risk of
death compared to standard care. Besides, higher dose
regimens and combination with macrolide may associate
with harm. Post-exposure prophylaxis with CQ/HCQ may
not decrease infection rate but the quality of the study is
low.** The Axfors et al meta-analysis, based on 28 pub-
lished and unpublished RCTs, including 10,319 patients,
shows that treatment with HCQ was associated with
increased mortality in COVID-19 patients, and there was
no benefit from treatment with CQ.>> Generally, the avail-
able data do not support the effectiveness of HCQ/CQ for
the treatment or prophylaxis of COVID-19. However, still
limited number of well-powered and well-conducted
observational studies, the heterogeneity of findings from
observational studies, and the scant evidence from RCTs —
practically based on a single trial — proposed that the
current data on the efficacy of HCQ/CQ in reducing mor-
tality among COVID-19 hospitalized patients are not

conclusive.>®

Arbidol (Umifenovir)

Arbidol is a broad-spectrum antiviral agent marketed in
Russia and China for the management and prevention of
influenza virus infection. Arbidol displays antiviral effect
against several RNA and DNA viruses, including SARS-
CoV, Lassa virus, Chikungunya virus, respiratory syncytial
virus, adenovirus, parainfluenza type 5, poliovirus 1, han-
taan virus, hepatitis B virus, and C virus. Arbidol is
a haemagglutinin inhibitor that blocks the fusion of the
influenza virus with the host cell membrane after endocy-
tosis. Arbidol also induces interferon production against
virus replication; enhance the phagocytic activity of
macrophages, and natural killer cells.*”**

A study has shown that arbidol blocks the SARS-CoV
-2 virus replication at 10-30 uM concentration.>® The
structural similarities between the Arbidol binding recep-
tor sites for SARS-CoV-2 virus S protein and H3N2 hae-
magglutinin proposed that Arbidol may be effective to
manage COVID-19 disease.*® Arbidol is now added to
China’s NHC guide for the management of COVID-19.
A pilot clinical trial conducted in China showed Arbidol
reduced viral load and mortality.*' Another study with
Arbidol plus lopinavir/ritonavir for 2-week treatment,
94% of the Arbidol plus lopinavir/ritonavir treated patients
was negative vs 53% in the control group, and the chest
tomography scans improved for 69% of the arbidol treated
groups vs 29% in the control group.*

Huang D et al conducted meta-analysis on 12 studies
showed arbidol was safe and associated with a higher
negative rate of PCR on day 14 in COVID-19 patients.
But, it could not significantly decrease nucleus acid nega-
tive conversion time, improve symptoms, or decrease the
risk of disease progression. Generally, there is no enough
evidence to support the therapeutic use of arbidol for
patients with COVID 19 and need to be verified in future
studies.* Currently, several clinical trials are ongoing on
the efficacy of arbidol as a single agent (NCT04255017,
NCT04260594, and NCT04254874) and in combination
with
carrimycin.

lopinavir/ritonavir, favipiravir, chloroquine or

Viral Protease Inhibitor

Protease enzymes like 3CLpro and PLpro have a key role
in the maturation, and replication of different viruses in the
host cell. Protease also inhibits the host innate immune
system. Protease inhibitors, such as diarylheptanoids,
cinanserin, and flavonoids are promising agent for the
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treatment SARS-CoV- 2.%* Based on modes of infection
and genomic structure of SARS-CoV-2, there are several
promising repurposed agents. Most agents are in the pre-
clinical stage to be used as anti-COVID-19 agents.

Lopinavir—Ritonavir

LPV/r is a protease inhibitor used for management of HIV
infection. Based on evidences in managing SARS-CoV
during the 2003 pandemic and MERS, LPVr is supposed
to manage COVID-19 patients.** Besides, Chu et al
showed the activity of LPV/r on SARS-CoV by in vitro
antiviral susceptibility testing. Hence, LPV/r was explored
for the management of COVID-19 disease. A retrospective
cohort study, done by Deng et al showed LPV/r with
arbidol was significantly better than LPV/r alone for naso-
pharyngeal swab PCR conversion to negative and
improvement on CT chest.*’ In another study, LPV/r was
not significantly than the standard of care for the manage-
ment of COVID-19.¢ Generally, the data on the therapeu-
tic use of LPV/r for the management of COVID-19 is
limited. Larger controlled clinical studies are required to
determine the role of LPV/r in COVID-19 disease.
Nelfinavir is another protease inhibitor that blocks SARS-
CoV replication may also inhibit SAR-CoV-2 virus.*’
Darunavir is a protease inhibitor usually used in combina-
tion with ritonavir or cobicistat, for the management of
HIV. The in-vitro studies proposed the inhibitory effect of
SARS-CoV-2 replication. It is still under clinical trials for
the effectiveness of the drug against SARS-CoV-2 virus.*®

Camostat Mesylate and Nafamostat Mesilate

The SARS-CoV-2 virus binds to ACE2 by its S proteins to
enter the host cells.** After binding into the ACE2 recep-
tor, the viral S proteins require to be primed by proteases
enzyme like TMPRSS2 for the viral s protein and host
membranes fusion, which is crucial for the virus to infect
the different cells. Hence, inhibiting the entrance of virus
by inhibiting viral protease has a promising potential to
identify a novel therapeutic agent.** The serine protease
inhibitor agents such as Bromhexine, Nafamostat,
Camostat, and Aprotinin inhibit TMPRSS2. Camostat
mesylate first developed for the management of postopera-
tive reflux esophagitis and chronic pancreatitis signifi-
cantly reduced infection with SARS-CoV-2.%
Nafamostat mesylate is another TMPRSS?2 inhibitor devel-
oped for the management of acute pancreatitis, dissemi-
nated intravascular coagulation and anticoagulation in
extracorporeal circulation. A study done on simian Vero

E6 cells infected with SARS-CoV-2, nafamostat mesylate
inhibited SARS-CoV-2 infection.>”

Viral Nucleic Acid Synthesis Inhibitors

Antivirals are the major therapeutic agent understudy for
the management of COVID-19. Even if SARS-CoV and
SARS-CoV-2 share 82% RNA sequence, their RNA-
dependent RNA polymerase (RdRp) shares a 96%
sequence identity.”' Therefore, drugs inhibiting viral
RdRp proteins of SARS-CoV may have promising effect
on SARS-CoV- 2 virus. Several nucleoside analogs agents
available that inhibit RdRp including, favipiravir, remde-
sivir, ribavirin, Sofosbuvir, and galidesivir showed promis-
ing in vitro effects against SARS-CoV- 2 infections.>

Remdesivir

Remdesivir is an investigational phosphoramidate prodrug
of adenosine analog developed by Gilead previously eval-
uated to treat Ebola and now being studied in patients with
COVID-19 disease. Remdesivir is a Viral RNA-dependent
RNA polymerases inhibitor. It inhibits RNA synthesis by
replacing ATP in the polymerization and thus is a well-
known premature chain terminator drug.>® In vitro studies
showed that Remdesivir is a promising antiviral agent
against different viruses including, the measles virus,
Ebola virus, MERS-COV, Marburg virus, Nipah virus,
Hendra virus, and respiratory syncytial virus infections in
cultured cells, mice, and primate models. Besides, remde-
sivir is active against several Covs like HCoV-NL63,
HCoVOC43, HCoV-229E, SARS-CoV, and MERS-
CoV.>*3* A recent study showed that Remdesivir inhibits
viral replication of SARS-CoV-2 (EC50 = 0.77 uM in
Vero E6 cells).’>® Wilt et al conducted a systematic
review of 4 published randomized clinical trials of hospi-
talized COVID-19 patients compared remdesivir use for
10 days with placebo. The result showed a small reduction
in mortality and a better recovery and decrease time to
recovery but may have little to no effect on hospital length
of stay. Remdesivir may reduce serious adverse events
moderately and may reduce any adverse event by a small
level.”” In another meta-analysis conducted by Elsawah
HK et al included four clinical trials and one observational
study. The result showed that Remdesivir increases the
recovery rate of moderate and severe hospitalized
COVID-19 patients, but mortality reduction has not pro-
ven although short-term benefits observed. The efficacy of
remdesivir showed in severe COVID-19 patients who do
not need mechanical ventilation; these patients can tailor
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the treatment course from 5 to 10 days without loss of the
drug efficacy.’® Sarfraz A et al conducted a systematic
review and meta-analysis on four studies that have 3013
participants with 46.3% (n=1395) in the remdesivir group
and 53.7% (n=1618) in the placebo group. This review
showed Remdesivir reduced the mortality, adverse events,
and oxygen support in moderate to severely ill COVID-19
patients.® At moment, several phases 3 studies of remde-
sivir are ongoing to determine the efficacy and safety in
hospitalized patients, ie, NCT04252664, NCT04257656,
NCT04292730, NCT04292899, NCT04280705,
NCT04315948.

and

Favipiravir

Favipiravir is an orally effective guanine analog approved
in 2014 for the management of influenza infection. It
differs from the neuraminidase inhibitors like zanamivir
in that it inhibits the viral RNA-dependent RNA polymer-
ase. Favipiravir inhibits replication of several RNA
viruses, including Lassa virus, yellow fever virus, Ebola
virus, chikungunya, norovirus, and enterovirus.®® A recent
in vitro study displayed inhibition of SARS-CoV-2 (EC50
= 61.88 uM in Vero E6 cells).! Recently, patients
recruited to evaluate the efficacy of favipiravir
(ChiCTR2000030254, ChiCTR2000029600), and favipir-
avir plus interferon (ChiCTR2000029600) and favipiravir
plus  baloxavir  marboxil
(ChiCTR2000029544), Favipiravir plus Tocilizumab
(ChiCTR2000030894) based on their synergistic effect.
Indeed, in March 2020, favipiravir approved for experi-

(ant  influenza  drug)

mental use in COVID-19 disease in Russia, Italy, China,
and other countries.®” But, a study in Japan, Favipiravir
did not display significant benefit in mild and moderate
COVID-19 diseases.®® Galidesivir (BCX4430) is an ade-
nosine derivative developed for HCV. It showed antiviral
activities in preclinical studies against several RNA viruses
including, SARS and MERS.

Immunotherapy

Convalescent Plasma Therapy

Antiviral antibodies produced in convalescent (Immune)
plasma from recovered patients from viral diseases used
for the treatment of various viral infections (eg, polio,
Argentine hemorrhagic fever, influenza A (HS5N1),
HINI1, SARS-CoV, and Ebola) and post-exposure prophy-
laxis (eg, hepatitis, mumps, polio, measles, rabies).®* The
human convalescent plasma is a promising option for
management of COVID-19 patients because it provide

immediate passive Immunity for COVID-19 patient.
that
COVID-19 patients displayed potent neutralizing mono-
clonal antibody (NADb) responses in severe SARS-CoV-2

patients. However, convalescent plasma efficacy in criti-
65,66

Several reports showed convalescent plasma

cally ill COVID-19 patients remains unclear.

Neutralizing Monoclonal Antibody

Neutralizing monoclonal antibodies (Nabs) are another
passive immunotherapeutic agent for the treatment of sev-
eral diseases. Nabs specifically bind to the target site to
produce the desirable effects, which can be either inhibit
or activate those molecular pathways. The S protein is the
main inducer of Nabs. Most NAbs specifically target RBD
and inhibit the interaction of RBD with its receptor ACE2.
Some NAbs recognize epitopes on the S2 unit.*” The final
virus removal occurs by complement activation or anti-
body-dependent opsonization. Several studies identified
several effective Nabs like CR3014 and CR3022 that
bind to RBD to neutralize the virus.®® A recent study
showed that CR3022 could be a promising therapeutic
candidate for the prevention and treatment of COVID-19
pneumonia that specifically binds to RBD of SARS-CoV-2
and displayed significant prophylaxis effect in vitro and
animal models.*” Thus, the use of Nabs represents
a promising approach to enhance humoral defense against
CoVs by inhibiting different S protein epitopes.’” Nabs
also target the host ACE2 receptor to inhibit the access of
the virus. NAbs that bind to the soluble version of ACE2,
which binds to SAR-CoV-2, thus sequestering it away
from cell surface-bound ACE2 in host cells.”’

Interferon

Interferons (IFN) are broad-spectrum antiviral proteins
synthesized by the host cells during viral infection. IFN
is used for the management of viral infection, tumors, and
autoimmune diseases. IFN-a suppresses virus infection by
inhibiting viral protein synthesis, degrade viral RNA, and
apoptosis by promoting both innate and adaptive immune
responses to infection.”” During the SARS outbreak in
2003, a study in the Rhesus monkey model revealed that
IFN-a spray can prevent SARS-CoV infection by inhibit-
ing virus replication. Further clinical evaluation showed
that IFN-a significantly reduces the infection rate of the
respiratory syncytial virus, adenovirus, influenza virus,
and SARS-CoV.”> SARS-CoV-2 did not significantly
induce types I, II, or III interferons in ex-vivo infected
human lung tissues compared with 2003 SARS-CoV.
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Clinical trials involving interferon have been initiated,
such as a trial testing the approved anti-HCV combination
of pegylated interferon plus ribavirin (ChiCTR2
000029387). Thus, IFN-a is a promising candidate drug
for COVID-19 therapy.

Dampening Hyper Immune Activation and
Harnessing Immune Response

Cytokine response is crucial for the host immune response.
However, patients infected with SARS-CoV-2 experience
the upregulation of cytokine, chemokine and interferon
synthesis, which causes cytokine storm, followed by mas-
sive immune cell infiltration into the lungs leading to
decreased lung function, and death. Cytokine storm induces
a strong inflammation that contributes to Acute Respiratory
Distress Syndrome (ARDS), multiple organ failure, and
death. Thus, the identification of existing approved thera-
pies to treat hyper inflammation is crucial to reduce COVI-
19 associated mortality.”*’* Corticosteroids, IL-6 blocker
(tocilizumab), interleukin 1 receptor antagonist (Anakinra),
and JAK inhibition suppress exaggerated immune systems
in different diseases. Hence, this can be important for the
treatment of cytokine release syndrome and associated
pathologies in COVID-19 patients.”*

Steroids

Corticosteroids are extensively used for acute respiratory
conditions that have similar pathological features with
COVID-19 including SARS-CoV, MERS-CoV, HIN1 influ-
enza, community-acquired pneumonia, and ARDS. But,
their role in reducing mortality and improving these condi-
tions remain controversial.”> The early observational study
revealed promising results in terms of improving survival,”®
but subsequent observational studies and data from a single
randomized trial showed mixed results. A systematic review
and meta-analysis conducted by Tlayjeh H et al included
one RCT and 19 cohort studies with low to moderate risk of
bias assessed the association between Corticosteroid treat-
ment, and viral clearance, disease progression and mortality
in hospitalized COVID-19 patients. This systematic review
showed that Corticosteroid treatment was not associated
with reduced short-term mortality but possibly with delayed
viral clearance.”” A systematic review and meta-analysis
conducted by Yang Z et al on a total of 5270 patients
from 15 studies showed that critical patients were more
likely to require corticosteroid treatment but associated
with higher mortality, a longer length of stay, and a higher
rate of bacterial infection.”® A recent prospective meta-

analysis of 7 randomized trials conducted by Horby
P et al included 1703 critically ill COVID-19 patients.
This study showed that Corticosteroids were associated
with lower mortality among critically ill patients at 28
days after randomization.” Currently, WHO recommends
against the routine use of steroids for COVID-19 patients,
due to delayed viral clearance, vascular necrosis, and psy-
chosis. Generally, steroids should not be used solely to treat
SARS-CoV-2 infection but may be required to treat other
conditions that may accompany it.*

Tocilizumab (Interleukin-6 Receptor Blocker)

In critically ill patients with COVID-19, IL-6 levels were
almost tenfold higher. Tocilizumab is monoclonal antibo-
dies that specifically bind to soluble and membrane-bound
IL-6 receptors (IL-6R), thus blocking IL-6 signaling and
its mediated inflammatory response. IL-6 receptors may
curb fever and inflammation, but this blunts the host
defense against infection. Tocilizumab has a profound
immunosuppressant effect that increases the risk of sepsis,
pneumonia, and hepatotoxicity. Yet, despite these severe
side effects, IL-6 inhibitors are now being given to patients
with COVID-19 in several countries who develop cytokine
release syndrome.®!

Although basic science proposes the rationale for ther-
apeutic use of IL-6 receptor antagonists for COVID-19
patients, several studies have shown inconsistent results.
A recent randomized, double-blind, placebo-controlled
trial showed Tocilizumab was not effective in preventing
intubation or death in moderately ill hospitalized COVID-
19 patients.®**? Another systematic review conducted by
Cortegiani A et al on 28 clinical studies with 5776
COVID-19 patients (13 with a comparison group, 15 sin-
gle-arm) and 3 indirect pre-clinical studies revealed no
sufficient evidence on efficacy and safety of tocilizumab
in patients with COVID-19.%3 But, a recent non-controlled,
prospective clinical trial showed tocilizumab may be
a promising therapeutic agent for severe or critical
COVID-19 patients, if promptly initiated during the severe
stage.®* A prospective open-label uncontrolled multicenter
trial showed tocilizumab may improve some clinical para-
meters and reduce the risk of death in COVID-19 patients,
especially if used in the early stages of respiratory
failure.®® Currently, several studies are undergoing on the
safety and efficacy of tocilizumab to treat COVID-19
disease (ChiCTR2000029765), (ChiCTR2000030796),
and combination with other drugs (ChiCTR2000030442
and ChiCTR2000030894).
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JAK Inhibitors

SARS-CoV-2 enters cells through endocytosis by interact-
ing with ACE2. AP2-associated protein kinase 1 (AAK1)
is the major regulators of endocytosis. AAK1 inhibitors
inhibit the entrance of the SARS-CoV2 virus into cells and
may be helpful in preventing virus infections. Baricitinib,
an AAKI inhibitor and a JAK inhibitor was proposed as
a candidate drug for the treatment of COVID-19. But, JAK
inhibitors inhibit inflammatory cytokines including INF-a,
which has a significant antiviral activity (ChiCTR2000
030170), (ChiCTR2000029580).5¢

Conclusion

Up-to-date, there is no effective antiviral agent for the treat-
ment and prevention of COVID-19 pandemic. Hence, autho-
rities rely exclusively on enforcing strict preventive and control
measures to reduce the risk of disease transmission. Currently,
several clinical trials are ongoing to develop new drugs and
vaccines. These clinical trials follow two main strategies. The
first strategy is the therapeutic use of repurposed drugs includ-
ing hydroxychloroquine (LPV/r) against the virus. Due to the
need for urgent responses and high-quality evidence on the
efficacy and safety of the drug, repurposing of existing drugs
are currently the best treatment option until safe and effective
vaccine development. The second approach is dampening of
the proinflammatory state produced during COVID-19 with
drugs such as Corticosteroids (eg, Dexamethasone), IL-6 inhi-
bitors (eg, tocilizumab), IL-lantagonist (eg, Anakinra) and
JAK inhibition which give better clinical response by reversing
multi-organ failure and ARDS. Although some therapeutic
agents mentioned in this review are promising, definitive evi-
dence regarding their effectiveness remains inconclusive. In
conclusion, supportive care remains the cornerstone of
COVID-19 treatment. Complications should be managed
according to general guidelines.
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