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a  b  s  t  r  a  c  t

An  outbreak  of  severe  acute  respiratory  syndrome  coronavirus  2 (SARS-CoV-2),  a  novel  coronavirus  capa-
ble of  causing  coronavirus  disease  2019  (COVID-19),  was  declared  as  a global  public  health  emergency
on  January  30,  2020,  by the World  Health Organization.  In this  devastating  situation,  precautionary  mea-
sures,  early  diagnosis,  and  repurposed  drugs  appear  to be  timely  and  decisive  factors  by  which  to  handle
this  problem  until  the  discovery  of an  effective,  dedicated  vaccine  or medicine  is  made.  Currently,  some
researchers  and  clinicians  have  claimed  evidence  exists  in favor  of  the  use  of  some  antimalarial  drugs
(chloroquine,  hydroxychloroquine)  antiviral  drugs  (remdesivir,  favipiravir,  lopinavir,  ritonavir,  umifen-
ovir) vitamins,  traditional  Chinese  medicines,  and  herbal  medicines  against  SARS-CoV-2  infection.  Based
on the  available  literature,  this  review  article  sought  to  highlight  the  current  understanding  of the  ori-
gin,  transmission,  diagnosis,  precautionary  measures,  infection  and  drug  action  mechanisms,  therapeutic
Hydroxychloroquine
Remdesivir
Favipiravir
Lopinavir
Ritonavir
Umifenovir

role, and toxicities  of  targeted  drugs  for the  prevention  and  cure  of COVID-19.  This  review  may be  useful
for  developing  further  strategies  as  a  blueprint  and  understanding  the  mentioned  drugs’  mechanisms  to
elucidate  the  possible  target  of  action  by which  to  successfully  freeze  the  replication  of  the  SARS-CoV-2
virus.
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Introduction

The man-to-man transmission of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has become a global threat and
was declared as the coronavirus disease 2019 (COVID-19) pan-
demic by the World Health Organization (WHO) in March 2020.
Reporting indicates SARS-CoV-2 was first observed in cases of unex-
plained pneumonia in Wuhan, China in November 2019 but has
since infected millions of people all over the world [1,2]. The rapid
proliferation of this virus has impacted more than 200 countries
and territories, with 35,523,518 confirmed cases around the globe
and 1,042,398 deaths as shown in Fig. 1 [1,3,4]. It has also had sig-
nificant impacts on the global economy, more than US$ 1.0 trillion,
due to the long quarantine periods required to control the spread
of the SARS-CoV-2 together with the hospitalization and high com-
plexity of clinical care required by a proportion of patients and the
resultant deaths in some cases [1,5]. SARS-CoV-2, a single-strand
RNA virus measuring 80–120 nm in diameter, is the seventh known
member of the coronavirus family, which also contains severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome–related coronavirus (MERS-CoV) viruses in
spite of substantial diff ;erences in their epidemiology, pathology,
and proteins [6,7]. COVID-19 patients commonly present with res-
piratory symptoms, including fever, cough, and dyspnea (shortness
of breath), and the severity of infection may  become lethal due
to the onset of pneumonia, severe acute respiratory syndrome,
and kidney failure [4,6]. However, to date, no proper medicine or
treatment of COVID-19 has been reported [8,9].The ongoing and
significant increase in the number of confirmed cases requires
the urgent identification of appropriate treatments for the pre-
vention and control of COVID-19 spread [10]. Instead, current
treatments for COVID-19 patients mainly address their symptoms
and a related decrease in the viral load is not apparent. There-
fore, efficient approaches for drug development and the use of
several existing drugs, including antimalarial and antiviral agents,
vitamins, herbal medicines, and antipyretics [10,11] are being
explored promptly. Among the drugs presently undergoing testing
in vitro and in vivo, chloroquine (CQ), hydroxychloroquine (HCQ),
remdesivir, ribavirin, favipiravir, lopinavir/ritonavir, umifenovir,
traditional Chinese medicines (TCM), and micronutrients, have
shown favorable clinical results in inhibiting the viral replication of
SARS-CoV-2 [11,12]. The possible importance of these medications
triggers the demand to understand their mechanisms of action,
therapeutic aspects, and toxicity profiles. Keeping these points in
consideration, this review article summarizes and describes the
mechanisms of action, therapeutic characteristics, and toxicolog-
ical effects of the drugs mentioned above in view of their possible
role in the prevention and control of the COVID-19 pandemic.

Origin and transmission of SARS-CoV-2
In response to the emerging COVID-19 pandemic, the WHO
Director-General announced a Public Health Emergency of Interna-
tional Concern on January 30, 2020. According to the South Morning
China Post, in Hubei province, China, a 55-year-old individual was

s
h
a

25
he first person worldwide to contract COVID-19 in a case that dates
ack to November 17, 2019, more than a month before doctors
egan broadly reporting cases of a pneumonia of unknown origin in
uhan, China, also in Hubei province, at the end of December 2019

13–16]. Since the first clinical reports of the novel coronavirus
merged in Wuhan, Hubei province, China, there has been consid-
rable discussion on the origin of the causative virus, SARS-CoV-2.
arlier, an assumption was made that the virus escalated from the
et  market into the city. However, it’s now clear that the pan-
emic had no connection to the wet  market, which was reported

n January 2020 in The Lancet [8]. The worldwide escalation of this
pidemic remains in a gray area; as of October 6, 2020, 35,523,518
ases of SARS-CoV-2 infection in more than 200 countries with
,042,398 deaths have been confirmed [3]. Andersen et al. studied
he comparative analysis of the SARS-CoV-2 genome and reported
ts origin while also discussing scenarios by which the virus could
ave appeared; notably, their analyses clearly show that SARS-CoV-

 is not a laboratory construct or a purposefully manipulated virus
16]. Instead, given it was initially predicted that SARS-CoV-2 orig-
nated from the wet  market of Huwan, China, it was suggested
hat some natural source or an animal host had existed before
oonotic transfer. The phylogenetic analysis of SARS-CoV-2 genome
uggested that the virus is closely identical to bat-derived SARS
bat CoV, RaTG13, 96%) which indicates that bats serve as reser-
oir hosts for its progenitor [6,17–19]. The role of the intermediate
ost is also notable in the transmission of viruses, as, in earlier
eported cases of SARS-CoV and MERS-CoV, the intermediate hosts
ere civet cats and camels, respectively. In this case, the pangolin

s suspected to be the intermediate host of the SARS-CoV-2 virus
20]. Others also suggested the pangolin may  be an intermediate
ost because of the genome similarities (85.5%–92.4%) between
ARS-CoV-2 and pangolin CoV [21]. Hence, it can be easily under-
tood that natural selection in humans following zoonotic transfer
f SARS-CoV-2 spread the infection into human beings. Once the
rogenitor of SARS-CoV-2 jumped into humans and acquired the
enomic features through adaptation during undetected human-
o-human transmission, the pandemic began taking off on a large
cale. Human-to-human transmission through binding between
ellular receptors (i.e., angiotensin-converting enzyme 2; ACE2)
nd receptor-binding domains of the virus’ spikes could be a pos-
ible method for SARS-CoV-2 infection [17,22,23]. However, direct
ontact, respiratory droplets, and aerosols released by an infected
erson through coughing or sneezing facilitated the spread of SARS-
oV-2 in the community. The direct or indirect exposure of the
yes, mouth, and nose mucous membranes may  also play a role in
ARS-CoV-2 infection as the virus also remains in the air for a lim-
ted period of time and functions as an airborne pathogen [24–26].
ecently, the WHO  announced that asymptomatic patients are
ot infectious [4]. In some cases, the digestive tract may  have
een the potential route of SARS-CoV-2 transmission rather than
he respiratory tract, but further studies are required to con-
rm this possibility [27]. Breastfeeding mothers should also be

tudied regarding virus transmission because pregnant women
ave an increased chance of experiencing respiratory infections
nd extreme pneumonia [19,22]. Precautionary measures such as
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Fig. 1. (A) Total number of confirmed cases of SARS-CoV-2 infection from Decembe
around the world. (The numbers are retrieved from ECDC) [3].

quarantine, isolation, social distancing, and sanitization have been
adopted to limit the escalation of the pandemic.

Diagnosis of COVID-19

In the emergence of a virulent pandemic, the straightfor-
ward point-of-care (diagnosis), should be robust in terms of
both handling and analysis. Until scientists and clinicians can
contrive proper treatments for COVID-19 and they enter into
daily practice, making an appropriate diagnosis is the only tool
by which to help mitigate the current situation. Currently, the
use of molecular-based polymerase chain reaction (PCR) tests
and serological assays, which detect the presence of antibodies
in a blood sample, have been recommended by the WHO  and
United States (US) Centers for Disease Control and Prevention
(CDC) [4,28,29]. Additionally, demographical; clinical; laboratory
assessments including lymphopenia, prolonged prothrombin time,
elevated lactate dehydrogenase, elevated alanine aminotrans-
ferase, elevated aspartate aminotransferase, elevated d-dimer,
elevated neutrophils, eosinopenia, elevated C-reactive protein, and
elevated troponin (including high-sensitivity troponin) [8,30–35];
and radiological assessments such as chest X-ray or computed
tomography imaging of COVID-19 patients can establish a line
of action for the clinician to take regarding patient management.
Moreover, other secondary infections/problems could be ruled out
or, if present, the cure of the secondary infection/problem might
be helpful to increase the immunity and lessen the traumatized
condition of the patient.
The WHO  and CDC have issued an advisory on the clinical
and epidemiological findings of COVID-19 patients [4,28,29]. The
preliminary diagnosis of a suspected case may  include fever, res-
piratory symptoms, low lymphocyte count, travel history, direct

m
l
o

26
019 to October 6, 2020 around the world, (B) Total number of deaths by COVID-19

ontact with an infected patient, musculoskeletal pain, and diar-
hea [36]. A molecular-based real-time reverse-transcriptase PCR
RT-PCR) test is currently being implemented as a standard method
or COVID-19 patient diagnosis. In this test, the extracted viral RNA
rom oro-/nasopharyngeal (OP/NP) swab samples of the patient are
nput into the RT-PCR system, which is followed by the synthesis
f cDNA using the reverse-transcriptase enzyme. The synthesized
omplementary DNA template accelerates the amplification of tar-
et sequences of the viral genome that could be highly homologous
o SARS-CoV-2 [8,37,38]. However, such RT-PCR test kits have

any limitations, including timing and handling. During RT-PCR,
he concentration and quality of viral RNA affect the speed of
arget-sequence amplification of the viral genome, leading it to be
onsidered only as a semi-quantitative assay. Thus, the amplifica-
ion rate can be used as a proxy for the sample viral load and false
mplification can yield negative results, which could be a severe
oncern in the case of poor quality of the patient sample, a sam-
le taken during an early stage of the disease, or poor experience
mong the analyzing personnel.

The suspected diagnosis of COVID-19 through RT-PCR requires
nalysis of an OP/NP swab, sputum, or bronchoalveolar lavage
ample in the reference laboratory. The time between sample col-
ection, transfer to the laboratory, and generation of the results
ake at least 24–72 h, which seems to be time-consuming. At the
ame time, this process should become much faster with a stream-
ined approach enacted physically near to the patient (on-site) in
rgent clinical scenarios. As such, the true prevalence of SARS-CoV-

 infection is currently unknown and the sensitivity of PCR to detect
nfection is also unclear. Another tremendously used diagnosis
ethod is serological testing [39]. In serological testing, an enzyme-
inked immunosorbent assay (ELISA) is used detect the presence
f immunoglobulins M and G (IgM and IgG) antibodies in whole
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blood, plasma, or a serum sample, which is a highly recommended
approach relative to immunochromatography testing (Card test)
due to its higher sensitivity and specificity, although the latter is
convenient, inexpensive, and offers rapid turnover [40]. ELISA also
boasts a quick turnover time; however, it may  yield false-positive
results due to the N (Nucleocapsid) proteins of SARS-CoV-2 [41,42].
Cross-reactivity is expected with SARS-CoV-1 infection since there
is 90% homology with the genetic sequence of SARS-CoV-2. Hence,
ELISA kits should be explicitly developed to assess SARS-CoV-2 S
proteins (transmembrane glycoprotein spikes) [43]. This is why
the application of the serological test to SARS-CoV-2 is based on
the choice of antigen and why the choice of an assay is less well-
defined for SARS-CoV-2. Moreover, both serological and RT-PCR
tests are complementary to each other and offer sustainable results
according to their sensitivities at different stages of the infec-
tion. Therefore, it is recommended to combine both the modalities
of diagnosis, which could be conducive for the enhanced sensi-
tivity in the early detection and diagnosis of COVID-19 patients
[44,45]. Indeed, IgM-ELISA, in combination with RT-PCR, achieves
a greater rate of detection than RT-PCR only at 98.6% vs. 51.9%,
respectively [42,44,45]. Additionally, lung radiography is a cor-
relative diagnosis that provides potential shreds of evidence in
the case of asymptomatic patients. Imaging modalities such as
high-resolution computed tomography could be quite useful in the
diagnosis and observation of lung abnormalities (e.g., bilateral pul-
monary parenchymal ground-glass and consolidative pulmonary
opacities) in patients [8,31,46–49]. The findings of abnormalities
in computed tomography scans may  be correlated with disease
progression and prognosis. Based on the diagnosis, the patient’s
condition could be monitored and a line of action established for
the delivery of further or intensive treatment or follow-up could be
planned accordingly [50].

Precautionary measures for COVID-19

Given the scarcity of proper medications of COVID-19, precau-
tions and preventive measures are the key strategies by which to
limit the escalation of the pandemic. Currently, the WHO  and CDC
have issued various advisories in support of preventing further
spread of COVID-19 [29,51]. The essential precautionary measures
such as social distancing, quarantine of infected individuals, and
hygiene of the environment are now in common practice for the
prevention of SARS-CoV-2 spread. The measures described above
have been adopted by human beings involved with COVID-19
patients or who face greater chances of infection such as local phar-
macists, laboratory professionals, and skilled and unskilled human
support in the industries. Additionally, health care professionals
have been recommended to use personal protective equipment kits
for their protection. Meanwhile, environmental hygiene includes
proper handwashing after touching surfaces in public places; cov-
ering the mouth and nose with the elbow or a tissue when you
cough or sneeze; avoiding exposure to the public lavatory (e.g.,
wear a mask and gloves); carefully disposing of material con-
taining nasal and oral secretions; and sanitizing standard tools,
utensils, and frequently used surfaces regularly using disinfectants.
Restraining from touching the face, eyes, nose, and mouth can cur-
tail the chances of respiratory mucosal contamination [52,53]. A
blueprint for preventing the spread of SARS-CoV-2 infection is pre-
sented as follows:

• Avoid large events, mass gatherings, and close contact (less than

six feet) with symptomatic individuals

• Suspend travel to high-risk areas of serious illness
• Use an alcohol-based hand sanitizer that contains at least 60%

alcohol
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Avoid sharing dishes, glasses, bedding, and other household items
if you’re sick
Stay home from work, school, and public areas and avoid public
transportation if you’re sick

The WHO  and CDC have recommended wearing a face mask only
hen in contact with individuals with symptoms or who are under

uarantine, because the inappropriate use and disposal of masks
ay  increase the infection risk [4,54,55]. Moreover, health care
orkers are advised to use personal protective equipment and par-

iculate respirators such as N95 or FFP2 masks for protection from
nfection during aerosol-generating procedures and when treating
uspected or confirmed cases [4,56]. Globally, government officials
ave been implementing considerable policies such as lockdown,
ocial distancing, and self-quarantining to minimize public interac-
ion, which helps to break the chain of transmission and results in

 pause of COVID-19 spread in the community [57]. Additionally,
mmunity boosters are commonly recommended by clinicians to
nsure a better response against the causative agent. The adequate
ntake of nutrients having vitamin C and D, fruits and vegetables,

hole grains, nuts, and unsaturated fatty acids might play a role as
mmune boosters. Six to eight glasses of water daily can keep adults
roperly hydrated, which strengthens the physiological system of
uman beings and reduces fatigue and inflammation. All foodstuffs
an be purchased through an online shop and delivered to the home
o maintain social distancing [58,59].

echanism of SARS-CoV-2 infection

For the treatment of any kind of disease, either the route of
isease occurrence, mechanism of infection, or the action mech-
nism of the targeted drug has to be known in order to follow
he line of action for treatment. Although the SARS-CoV-2 infec-
ion mechanism has already been explored, target drugs or vaccines
emain under development due to the rapid mutation in the species
60–62]. SARS-CoV-2 is a positive-stranded RNA-enveloped virus
ith crown-shaped glycoproteins (S-protein) on their surface (as

een under the electron microscope); hence, it is referred to as
 coronavirus (the Latin term for crown is corona). Initially, the
eceptor-binding domain of S-protein recognizes and binds to the
ost’s ACE2 receptor. The transmembrane serine protease 2 on the
urface of the host’s cell receptors facilitates cross-species trans-
ission, resulting in exposure of virus RNA  and the translation

f its RNA replicase to an RNA replicase–transcriptase complex,
hich supports the synthesis of encoded viral polyproteins inside

he host’s cells [60–62]. The viral RNA-dependent RNA polymerase
ynthesizes new RNA, which is encapsulated by structural pro-
eins for the survival and infection of other host cells. Furthermore,
his virulence migrates to other normal cells via exocytosis; con-
equently, the infection spreads inside other cells as illustrated
n Fig. 2 [63–65]. The spread of the infection across cells reaches
he bronchial alveoli and extrapulmonary organs, causing pneu-

onia and affecting the function of the kidneys and other organs.
otably, ACE2 as the target receptor is not expressed in the res-
iratory system only but also in the kidneys and gastrointestinal
ract, rendering these ideal target organs for SARS-CoV-2 invasion
60,66]. Therefore, diagnosis and treatment in the early stage are
ssential for the prevention and control of SARS-CoV-2 infection.

oreover, the intensive review of the mechanism of infection is

aining attention as a way to understand existing drugs’ pathways
or mitigating viral spread as illustrated in Fig. 2 and elucidated in
he forthcoming sections.



I.
 H

ussain
 et

 al.
 

Journal
 of

 Infection
 and

 Public
 H

ealth
 14

 (2021)
 24–38

Table 1
Recommendations, action mechanisms and adverse effects of potential drugs indicated the positive role in the treatment of COVID-19 patients.

Drugs Recommended use
(Days/Dose)

EC50 value (�M) for
SARS-CoV-2

Action mechanism of
drugs

Recommendation for
COVID-19 treatment

Used before in other
viral infections

Adversative effects References

Chloroquine (CQ) 500 mg  twice per day 1.13–5.47 Inhibit viral replication
process by increasing
endosomal pH

Alternative of
Hydroxychloroquine
shortage

In the treatment of
malaria and
prophylaxis,

Electrolyte [78,84]

For  10 days Inhibits infection of
cells by SARS-CoV-2
in vitro

imbalance

- Fatal
dysrhythmias

Hydroxychloroquine
(HCQ)

400  mg  orally per day
for 7−10 days

0.72 Inhibit viral replication
process by increasing
endosomal pH

Recommended in with In the treatment of
malaria and
prophylaxis,

Electrolyte [11,78,84]

Azithromycin (500 mg for
1 day 1followed by 250 mg
for next 2−5 days) for the
treatment of moderate to
severe disease

Inhibits infection of
cells by SARS-CoV-2
in vitro,

imbalance

Approved for - Fatal
treatment of T2DM in
India

dysrhythmias

Remdesivir (Nucleotide
analog)

200 mg  IV within 30
min  followed by 100
mg  OD for 2–10 days

0.77 Terminate premature
chain of RNA by
combining with viral
RNA chain

Recommended for sever
patients and respiratory
failure

Effective role against
SARS and MERS viral
infections

Gastrointestinal (GI)
discomfort, elevated

[78,84]

transaminases,
infusion site
reactions

Favipiravir (Nucleoside
analog)

1600−600 mg  61.88 inhibits viral RNA Shown promising
comparative results in
inhibition of RNA viruses,
but

influenza, arenavirus,
bunyavirus and

Abnormal [61,84,116]

For  1−6 days polymerase not recommended at this filovirus infections Transaminases, GI
distress, serum uric
acid increased,

time  Psychological
symptoms

Ribavirin (Guanosine
analog)

–  109.5 Also inhibits viral RNA
replication

Has broad-spectrum
antiviral activity In vitro
activity against
SARS-CoV-1, but not
recommended at this time

No evidence in SARS
and MERS diseases

Hemolytic anemia [78,84]

Lopinavir/ritonavir
(Protease inhibitors)

400−100 mg – Inhibit the creation of
new active viral
peptides

Effective against
SARS-CoV-1 both in vitro
and human studies, not
recommended at this

Approved for GI pain, QT
prolongation,
drug–drug

[78,84]

Per  day time HIV-1 treatment interactions
(ritonavir)

Corticosteroids – – Inhibit the production
of inflammatory
mediators through
binding with
cytoplasmic

Low doses may be – Avascular necrosis,
psychosis,
hyperglycemia, adrenal
suppression

[84]
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Table 1 (Continued)

Drugs Recommended use
(Days/Dose)

EC50 value (�M) for
SARS-CoV-2

Action mechanism of
drugs

Recommendation for
COVID-19 treatment

Used before in other
viral infections

Adversative effects References

receptors resulting to
change the

beneficial by reducing
harmful inflammatory
responses in patients with
severe COVID-19, while
high dose steroid
treatment may  have

transcription of mRNA deteriorated consequences
in SARS,
Not recommended for
routine use

Ibuprofen – – Inhibiting production
of

May  be useful for its
anti-inflammatory and
antipyretic effects, no
evidence in the
contradiction of its use

– GI ulcers/bleeding, may
up regulate

[84]

prostaglandins by
blocking COX-1 and
COX-2 synthesis

ACE2

Indomethacin – – Inhibiting production
of

May  be useful for its
anti-inflammatory

– GI ulcers/bleeding, may
up regulate

[84]

prostaglandins by
blocking COX-1 and
COX-2 synthesis

and antipyretic ACE2

effects, no evidence of its
antiviral
effects against SARS-CoV-2

Tocilizumab Sarilumab – – Monoclonal antibody Recommended in patients
with evidence of CRS and
deteriorating respiratory
function, Tocilizumab
reduced fever and oxygen
requirement in COVID-19

Approved for
rheumatoid arthritis

Abnormal [78,84]

against the IL-6
receptor

No data on SARS or
MERS

Transaminases, GI
perforation,
neutropenia, infusion
reactions

Convalescent plasma – – Passive May  be considered in
patients with deteriorating
conditions

Recently used in SARS,
historically has been
used in

Hypersensitivity [84]

immunization refractory to other
treatment,
recommendations are

1918 flu Reactions, serum
sickness

using plasma from debatable, while there is
some evidence of benefit in
COVID-19

recovered patients

(EC50- Half maximal effective concentration).
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 in human beings and target of potential agents.
Fig. 2. Mechanisms of SARS-CoV-2 infection

Commonly used repurposed drugs

Many drug regulatory authorities have taken intrusive steps
to hold the market of unproven therapies to account. Capitalists
are investing money in research focusing on developing the best
options either for the cure or de-escalation of COVID-19. Currently,
several therapies possibly able to be repurposed for COVID-19 are
available, but nothing finite is approved so far. The exceptional
spread and severity of COVID-19 have increased the demand for
alternative medications to treat symptoms and control the viru-
lence. Examples include CQ, HCQ, remdesivir, favipiravir, ribavirin,
umifenovir, lopinavir/ritonavir, vitamins, antipyretics, and herbal
medications (i.e., TCM) (see Fig. 3 for more on antimalarial and
antiviral drugs); these and other notable therapies are covered
in Table 1. More than 300 clinical trials have been registered to
date worldwide to explore possible therapeutics for COVID-19 [67].
Repositioning existing clinical trials remains the most valid strat-
egy by which to expedite the discovery of new effective drugs. The
existing pharmaceutical supply chain of formulation and distribu-
tion could similarly be of help in this situation. Combinations of

different drugs might be more effective than monotherapy [68].
Currently, scientists and physicians are putting some evident and
aforesaid alternative drugs on trial for combating COVID-19. How-

Fig. 3. Chemical structure of potential repurposed drugs.
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ever, the following drugs are those considered most viable at this
time. Importantly, these are tentative options and should not be
given in practice freely for the treatment or prevention of COVID-
19.

Antimalarial drugs

Chloroquine and hydroxychloroquine
Antimalarial drugs are known to possess in vitro and clinical

antiviral activities against SARS-CoV-1 and SARS-CoV-2. CQ and
its derivative, HCQ, are well-recognized drugs for the treatment
of malaria and certain autoimmune diseases and have been gain-
ing worldwide attention for the treatment of COVID-19 [5]. CQ and
HCQ are synthetic drugs and usually developed from the bark of the
cinchona plant family Rubiaceae [5]. There are several in vivo mech-
anisms of action for these drugs against different viruses (including
SARS-COV) that have been proposed [69]; however, in vivo data are
still controversial [70,71]. The administration of CQ increases the
endosomal pH, which creates an adverse environment for the virus.
CQ interferes with the glycosylation of SARS-CoV cellular recep-
tors and substantially curtails the viral infection potential [72]. At
higher lysosomal pH levels, the administration of CQ lowers cathep-
sin levels, resulting in the formation of autophagosome, which is
responsible for SARS-CoV-2 spike-protein cleavage (Fig. 2). CQ can
also inhibit p38 mitogen-activated protein kinase (MAPK) via phos-
phorylation (activation) inside THP-1 cells as well as caspase-1
[73]. MAPK signaling activates virus cells to follow their replica-
tion cycle [74] alongside altering the virion assembly [72,75]. The
mechanisms of action of CQ and HCQ are equal due to the structural
resemblance of both molecules. Both molecules act as weak bases
that can alter the pH of acidic intracellular organelles including
endosomes/lysosomes, which are frequently required for mem-
brane fusion. An extra hydroxyl group present in HCQ makes it
less toxic, showing low permeability to the blood–retinal barrier
and permitting rapid clearance from retinal pigment cells [76].
Additionally, in vitro testing indicated that HCQ sulfate is signifi-
cantly superior (five days quicker) to the CQ phosphate in inhibiting
SARS-CoV-2 [77,78]. Therefore, it is suggested that both agents are
effective against SARS-CoV-1 and SARS-CoV-2 but with different
degrees of potential [79,80]. Furthermore, an in vitro study revealed
that HCQ is found significantly more potent than CQ against SARS-
CoV-2 (EC50 values: 0.72 and 5.47 �M,  respectively) and the Taiwan
CDC on March 26, 2020 declared HCQ to be an important anti–SARS-
CoV-2 agent [11,77,81]. Consequently, the United States Food and
Drug Administration also granted emergency authorization for
HCQ to treat COVID-19 infection [82]. The combination of HCQ with
azithromycin was studied in a nonrandomized clinical trial of HCQ
alone or in combination with azithromycin (which is active in vitro
against the Zika and Ebola viruses) of 20 patients, where 14 patients
were treated with HCQ alone and six patients were treated with
a combination of both drugs. A substantial reduction of the viral
load in infected patients was observed in the combination therapy
(HCQ and azithromycin) group; however, most of the patients who
were treated with HCQ alone showed upper or lower respiratory-
tract infections [83]. Gautret et al. conducted a clinical trial for
the use of the above combination in the treatment of COVID-19
patients, where they observed positive results in severe cases [83].
The combination of HCQ and azithromycin is recommended for
the treatment of COVID-19 patients with moderate to severe dis-
ease in many countries [84]; however, there isn’t enough evidence
specifically concerning its efficacy and safety in the treatment of
COVID-19 (ASHP). Several ongoing clinical trials are investigating

the efficacy of the therapeutic use and the safety of these medi-
cations against SARS-CoV-2 [77,85]. HCQ and CQ can lead to fatal
dysrhythmias, electrolyte disturbances, retinopathy, deficiency of
glucose-6-phosphatase, and corrected QT interval prolongation.
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atients with a history of allergy to HCQ or who are pregnant
r breastfeeding are contraindicated from using this medication
83].

ntiviral drugs

emdesivir (nucleotide analog)
Remdesivir (nucleotide analog GS-5734), a monophosphate

rodrug, has been reported as a potential agent against several
NA viruses, including Ebola, SARS, and MERS, both in vitro and

n nonhuman primates (1, 4). It also exhibits SARS-CoV and MERS-
oV in vivo inhibition [72,86,87]. Notably, the nucleoside analog
ehavior of remdesivir facilitates the inhibition of RdRp, the pro-
ein complex of CoVs that controls RNA-based genome replication,
hus potentially harming the viral genome replication process
Fig. 2). Once the host metabolizes remdesivir into active nucle-
side triphosphate, the active metabolite develops the resistance
oward adenosine triphosphate for its successful inclusion into
he nascent RNA strand [88]. This inclusion of active substituents
auses RNA synthesis in an early stage and halts the growth of
ew RNA strands. While a proofreading tendency of CoVs that can
etect and remove other nucleoside analogs and render them resis-
ant against many of these drug agents exists, remdesivir outpaces
his viral proofreading activity and generates antiviral activity [89].
gostini et al. reported that a mutant murine hepatitis virus devoid
f proofreading ability was abruptly sensitive to remdesivir [87].
owever, the opposite is also possible; it can be assumed that muta-

ions may  also improve proofreading or increase the fidelity of the
ase-pairing process for remdesivir resistance [90]. However, some

nitial evidence suggests that remdesivir could have an additional
echanism of action that has not been ultimately discovered yet,
hich could be a new lead in favor of remdesivir still having partial

ntiviral activity despite viral mutations that enhance replication
delity [87,91,92]. Recently, at a low micromolar concentration,
emdesivir was found to be potentially active against SARS-CoV-

 in in vitro experiments and exhibited a high level of selectivity
72]. It has been reported to trigger a prompt reduction in fever and
nsure greater improvement in clinical symptoms by the 12th day
f illness; at this point, the chest roentgenography of the patient
nder assessment showed relatively mild infiltrations and the rRT-
CR assay of an oropharyngeal swab was negative [93]. Thereafter,
emdesivir gained some attention globally due to its effect in the
ontext of SARS-CoV-2 infection; however, more trials are needed
o definitively prove its antiviral activity [94]. Some limited trials of
emdesivir have yet to prove its efficacy [84,95]. Moreover, despite
ts strong in vitro potency against SARS-CoV-2, clinical success still

ust be proved [91,93] and randomized controlled trials are still
equired to confirm its efficacy and safety [19].

avipiravir and ribavirin (nucleoside analog)
Favipiravir is one of the broad-spectrum nucleoside analogs

ntiviral drugs that has been approved against FLUAV in Japan
2014); this medication was  found to act as a halting inhibitor
or viral RNA polymerase and to suspend viral replication dur-
ng the treatment of RNA viral infections as seen in case of Ebola
nd the influenza virus (Fig. 2) [61,96,97]. The Shenzhen Health
ommission recently approved favipiravir for the treatment of
OVID-19 patients [98]. Clinically, it has been observed that favipi-
avir had some effect against SARS-CoV-2 infection in Chinese
atients [99]. Randomized clinical trials are still ongoing to evaluate
he efficacy of favipiravir plus interferon-� (ChiCTR2000029600)
nd favipiravir plus baloxavir marboxil (ChiCTR2000029544) [11].

n one study, patients with moderate and severe COVID-19 given
avipiravir (n = 120) and umifenovir (n = 120) were compared;
owever, no significant differences were recorded between the
roups. As such, further randomized controlled trials are needed to
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prove the efficacy of favipiravir as a possible COVID-19 treatment
[61].

Another possible synthetic nucleoside analog, ribavirin, which
has shown potential antiviral activity against several viral infec-
tions including the hepatitis C virus, respiratory syncytial virus,
some viral hemorrhagic fevers, and SARS in Hong Kong [100–102],
may work in the context of COVID-19. Ribavirin inhibits both
RNA and DNA viruses, stopping their replication by suppressing
the activity of inosine monophosphate dehydrogenase, which is
required for guanosine triphosphate formation (Fig. 2). Ribavirin
in combination with interferon-�2b was recorded to be effective
against MERS-CoV in a rhesus macaque model [103]. Addition-
ally, the regimen of lopinavir/ritonavir plus ribavirin was found to
be effective against SARS-CoV in tissue cultures [104]. Therefore,
ribavirin could be considered as a possible candidate therapy for
the treatment of COVID-19 patients [19]. However, its undesirable
adverse effect of reducing hemoglobin concentrations is harmful
to patients in respiratory distress [105]. As such, currently, the
high risk of toxicity due to ribavirin therapy outweighs its potential
benefits as a possible treatment option for SARS-CoV-2 [106].

Umifenovir
Umifenovir, sold under the trade name Arbidol, is often used

as an antiviral drug against influenza and other viruses, including
hepatitis C in Russia and China (“The Efficacy of Lopinavir Plus Rito-
navir and Arbidol Against Novel Coronavirus Infection - Full-Text
View - ClinicalTrials.gov,” n.d. [107]). Umifenovir has the potency to
inhibit the replication of SARS-CoV as reported in an in vitro study
(Fig. 2) [108]. Currently, randomized clinical and controlled trials
are being carried out in China to study the efficacy of umifenovir
against COVID-19 [19]. However, no conclusive proof of its effi-
cacy in COVID-19 has been reported to date, although a few shreds
of evidence support that umifenovir alone or in combination with
other antiviral drugs has some clinical success against COVID-19
[109–111].

Lopinavir/ritonavir (protease inhibitors)
Lopinavir in combination with ritonavir is used for the treat-

ment of human immunodeficiency virus (HIV) by affecting protein
synthesis, a major step in HIV replication, and is well known as
a protease-inhibitor therapy. Moreover, the combination of these
drugs has been used for the treatment of SARS and MERS patients
by ameliorating acute respiratory distress syndrome [104,112,113].
However, despite showing a good effect against MERS-CoV-
infected marmosets, the significant impact of lopinavir in a tissue
culture model is still controversial [114]. Lopinavir/ritonavir may
have the possibility to bind with endopeptidase C30 of the SARS-
CoV-2 protease due to its protease-inhibition tendency and could
exhibit an antiviral effect in COVID-19 given this virus’ resem-
blance to both the SARS-CoV-2 and SARS-CoV viruses (Fig. 2)
[115]. Various clinical trials have tested the effect of the combi-
nation of lopinavir/ritonavir against COVID-19 but, unfortunately,
promising results were not recorded [94,104,116,117]. Meanwhile,
the administration of lopinavir/ritonavir or interferon-�1b for the
treatment of MERS-CoV infection yielded better prognoses in a
nonhuman primate model of common marmosets [114]. Sheahan
et al. compared the efficacy of remdesivir as prophylaxis as well as
a therapeutic with that of the combination of lopinavir/ritonavir
and interferon-� combination therapy (ritonavir was used to
prolong lopinavir’s half-life) in a humanized transgenic mouse
MERS-CoV infection model and observed superior efficacy of
remdesivir against MERS-CoV, with a reduced viral load and an

extensive pathological improvement recorded in lung tissues [112].
Despite the discouraging results, it is intriguing that at higher
concentrations, lopinavir/ritonavir inhibits pulmonary SARS-CoV-2
replication and researchers have claimed that slightly fewer deaths
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ere observed in the group receiving lopinavir/ritonavir in the late
tage of SARS-CoV-2 infection as compared with in the standard-
are group [112,118]. In conclusion, lopinavir/ritonavir may  not be
ffective for COVID-19 patients with mild pneumonia.

The above antimalarial (CQ and HCQ) and antiviral drugs
remdesivir) have emerged as promising treatment lead to
he treatment of COVID-19. Moreover, synthetic recombinant
nterferon-� and interferon-� have also been considered in ongo-
ng clinical trials because some evidence has been reported
oncerning the therapeutic benefit of synthetic recombinant
nterferon-� in SARS patients [119,120]. Separately, oseltamivir is
n antiviral drug approved for influenza A and B treatment and
as been recommended for the treatment of COVID-19 patients in
hina, either alone or in combination with antibiotics and corticos-
eroids (e.g., hydrocortisone) [11,31]. It is also under assessment in

 clinical trial paired in multiple combinations with CQ and favipi-
avir (“Various Combination of Protease Inhibitors, Oseltamivir,
avipiravir, and Hydroxychloroquine for Treatment of COVID-19

 A Randomized Control Trial - Full-Text View - ClinicalTrials.gov,”
.d. [121]). The ASHP reviewed all of the abovementioned drugs and
oncluded that not enough evidence is available yet to prove the
fficacy of any of them in the treatment of COVID-19 patients (ASHP
ebsite). Therefore, further evaluation of the efficacy and safety of

he current antiviral drugs is still required [19]. The explanatory
etails about the clinical trials have been mention in the Section
Clinical Trials of Repurposed Drugs Against SARS-CoV-2”.

itamins

The adequate intake of vitamins could also be crucial in the
reatment of COVID-19 patients. Many reports have suggested
he importance of vitamins C and D in the prevention of lower
espiratory-tract infections and suppression of viral replication
ates, respectively [59,122]. The provision of a high dose of vita-
in  C (2–10 g/day given over 8–10 h) showed encouraging results

n the treatment of 50 moderate to severe COVID-19 patients
n China, triggering an improvement in the oxygenation index;
otably, all of these patients were eventually cured and were dis-
harged [123]. The simultaneous use of vitamin D was  observed as
orthy supplementation to reduce the chances of influenza [59];

vidence that may  support this activity is the finding of reduced 25-
ydroxyvitamin D (25(OH) D) concentrations in COVID-19 patients.
onsequently, it is suggested that people at risk of influenza and/or
OVID-19 should take 10,000 IU/day of vitamin D3 for a few weeks
o rapidly raise their 25(OH) D concentrations, followed by 5000
U/day. This regimen is safe to deploy either orally or intravenously
n COVID-19 patients [59,124].

ntipyretics

The excessive use of nonsteroidal anti-inflammatory drugs
NSAIDs) such as ibuprofen, naproxen, and diclofenac has been
ssociated with myocardial infarction, heart failure, and stroke,
hich is prevalent in acute respiratory-tract infection patients

125–127]. Furthermore, NSAIDs can cause nephrotoxicity, which
s more likely to appear among patients severely affected by COVID-
9 [128,129]. Hence, the role of NSAIDs in COVID-19 patients is still
uestionable in light of the drawbacks of ibuprofen in patients with
OVID-19 that received wide publicity via international media cov-
rage in France. In a case series report, four cases of children who
ook ibuprofen and experienced worsening symptoms of COVID-19
nfection are detailed [130]. The reason for worsening symptoms
as described by Fang et al.: coronaviruses bind to ACE2 and
buprofen administration can increase the bioavailability of ACE2,
herefore potentiating the infectious processes of the former [131].
ne of the best replacement for NSAIDs is acetaminophen, which
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has been suggested as a reasonable option until more evidence is
collected [130]. In summary, the current epidemiologic evidence
is not strong enough to infer a causal link between the harmful
effect of ibuprofen and COVID-19. Evidence from mechanistic stud-
ies alone should not be used to make strong judgments against the
use of ibuprofen. Still, it is recommended to use acetaminophen or
ibuprofen with acetaminophen for fever reduction in a patient with
COVID-19 [132] and the risk of adding ibuprofen should continue
to be assessed against its benefits [133,134].

Herbal medications

In most developing countries, given the scarcity of pharma-
ceuticals, about 80% of the population depends on traditional
medicines for the treatment of various diseases [135]. Indian and
Chinese traditional herbs have a wide range of applications in
the treatment of infectious and noninfectious diseases [98,135].
Recently, TCM—mainly, Astragali Radix (Huangqi), Glycyrrhizae
Radix Et Rhizoma (Gancao), Saposhnikoviae Radix (Fangfeng),
Atractylodis Macrocephalae Rhizoma (Baizhu), Lonicerae Japoni-
cae Flos and Fructus forsythia (Lianqiao)—have demonstrated a
profound effect or role in the prevention and control of COVID-
19 [135]. However, clinical evidence regarding these treatments in
the prevention of this emerging viral infection remains inadequate
and robust standard clinical trials should be organized to prove the
potential preventive effects of these medicines [136,137]. Various
researchers focusing on elucidating the activity of different Indian
herbs and medicinal plants (Glycyrrhiza glabra,  Allium sativum,
Strobilanthes cusia, Acacia nilotica, Eugenia jambolana,  Euphorbia
granulate,  Ocimum sanctum, Solanum nigrum, Vitex negundo, Oci-
mumkilim, and Scharicum)  have observed their decisive role in the
prevention of SARS-CoV, HCoV, and HIV [138–143]. As such, these
Indian medicinal plants and herbs may  have favorable roles in
the treatment of COVID-19 as well and research should focus on
exploring these herbs and medicinal plants further in the context
of SARS-CoV-2 [98].

Clinical trials of repurposed drugs against SARS-CoV-2

CQ and HCQ were found to be a blocker of virus cell entry
by inhibiting autophagic flux and decreasing autophagosomelyso-
some fusion [144]. Gautret et al [83] reported the, nonrandomized
clinical trial on 20 SARS-CoV-2-infected patients. The substantial
results were found with reduction or disappearance of viral load
using HCQ in COVID-19 patients. In this study, well know broad
spectrum antibiotic azithromycin, were also given to the patients,
and synergistic effect were observed to reinforce the antiviral effect
of HCQ. After these finding HCQ get tremendous recognition for the
treatment and prophylaxis of COVID-19. The off-label use of HCQ
in the treatment of COVID-19 were announced by several health
agencies [145]. Unfortunately, U.S. Veterans Health Administration
medical centers in April 2020 were reported no evidence that the
use of HCQ, either with or without azithromycin, reduced the risk
of mechanical ventilation in patients hospitalized with COVID-19.
They performed a retrospective analysis of data from 368 patients
hospitalized with confirmed SARS-CoV-2 infection and did not find
any benefit of the HCQ even raised the concern about its safety.
Increased rate of overall mortality was identified on the treatment
of HCQ alone [146]. Design Multicenter, in China, revealed effi-
cacy and safety of HCQ with standard-of-care (SOC) compared with
SOC alone in adult patients of COVID-19. In this randomized open-
label, study 150 patients with confirmed COVID-19 infection were

included. All patients were divided in to two groups each group
has 75 patients. One group were treated with HCQ along with SOC
and another group were on SOC alone. 200 mg  HCQ was adminis-
trated daily for three days followed by a maintained dose of 800 mg
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aily for the remaining days up to 2 and 3 weeks for mild/moderate
nd severe patients, respectively. Overall data indicated that HCQ
dministration did not result in a significantly higher probabil-
ty of negative conversion than SOC alone [147]. While in the
afety population trial, adverse events were recorded in 7/80 (9%)
on-HCQ-treated patients and in 21/70 (30%) HCQ recipients. Fur-
hermore, diarrhoea was reported as the most common adverse
vent in the HCQ-treated group 7/70 (10%) patients; 2 HCQ recipi-
nts experienced serious adverse events. The toxicity displayed by
CQ also may  preclude the use of this drug as a prophylactic against
ARS-CoV-2. In Henri-Mondor Hospital, France, 181 patients aged
8–80 years with SARS-CoV-2, having pneumonia as secondary
ffect (required oxygen but not intensive care) were treated at a
ose of 600 mg/day HCQ. Study compared the data of 84 patients
ho  received HCQ within 48 h of admission to hospital (treatment

roup) with 89 patients who  did not receive HCQ (control group)
long with 8 additional patients received HCQ more than 48 h after
dmission. 8 patients in the treatment group (10%) experienced
lectrocardiographic modifications that required discontinuation
f treatment. HCQ has received worldwide attention as a poten-
ial treatment for covid-19 because of positive results from small
tudies. However, the results of this study do not support its use
n patients admitted to hospital with COVID-19 who require oxy-
en [148]. In New York City, hospitalised COVID-19 patients were
reated with HCQ, was not associated with either a greatly low-
red or increased risk of the composite endpoint of intubation or
eath [149]. A randomized, double-blind, placebo-controlled trial
cross the United States and parts of Canada testing HCQ as post
xposure prophylaxis. In this trial 821 adults who  had household or
ccupational exposure to someone with asymptomatic confirmed
OVID-19 were included. Within 4 days after exposure, the patients
ere randomly assigned to receive either placebo or HCQ  (800
g once, followed by 600 mg  in 6–8 h, then 600 mg  daily for 4

dditional days). Common HCQ side effects were reported than
ith placebo, but there were no serious adverse reactions reported.
fter high-risk or moderate-risk exposure to COVID-19, HCQ did
ot prevent illness compatible with COVID-19 or confirmed infec-
ion when used as post exposure prophylaxis within 4 days after
xposure [150].

F276L and V553L mutation were identified in the SARS-CoV viral
NA-dependent RNA polymerase (RdRp) gene at remdisiver pres-
nce, that conferred viral resistance to remdesivir [87] remdesivir
ignificantly reduced lungs viral loads in mouse models of SARS-
oV [91] and MERS-CoV [112]. The remdesivir prophylactic and
herapeutic efficacy was  also tested in a nonhuman primate (rhesus

acaque) model of MERS-CoV infection [86]. In light of these other
uman coronaviruses results, remdesivir got the attentions for pos-
ibly effective COVID-19 treatment. Remdisiver clinical trial have
een done on 53 patients, 22 were in the United States, 22 in Europe
r Canada, and 9 in Japan. During a median follow-up of 18 days, 36
atients (68%) had an improvement in oxygen-support class, while
3% mortality were recorded. But there were no control patients
roup were assigned for the study to examine the efficacy of
emdisivir [151]. A randomised, double-blind, placebo-controlled,
ulticentre trial at ten hospitals in Hubei, China, has been per-

ormed on 237 patients. Randomly all patients were divided in
o 2:1 ratio (158 to remdesivir and 79 to placebo) to intravenous
emdesivir (200 mg  on day 1 followed by 100 mg  on days 2–10
n single daily infusions) or the same volume of placebo infusions
or 10 days. There was  no statistically significant difference were
btained in the results of both the group, while, patients receiving
emdesivir had a faster time to clinical improvement than those

eceiving placebo. The mortality 14% vs. 13% on 28th day of treat-
ent which was  almost equal in both the group. It is important to
ention that adverse events were reported in 102 (66%) of 155

emdesivir recipients vs. 50 (64%) of 78 placebo recipients, and
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Fig. 4. Comparison of cytotoxicity of variou

that remdesivir was stopped early because of adverse events in
18 (12%) patients vs. 4 (5%) patients who stopped placebo early.
The overall conclusion from this study was that remdesivir not sig-
nificantly associated with clinical benefits in COVID-19 patients;
however, they also suggested that the reduction in time to clini-
cal improvement in patients treated earlier begged confirmation
in larger studies [152]. U.S. National Institute of Allergy and Infec-
tious Diseases, sponsored a randomized, placebo-controlled trial
of intravenous remdesivir in 1063 adults hospitalized with COVID-
19 patients with evidence of lower respiratory tract involvement.
Patients were randomly assigned to receive either remdesivir (200
mg loading dose on day 1, followed by 100 mg  daily for up to 9
additional days) or placebo for up to 10 days, and noted that remde-
sivir was better than placebo with respect to time to recovery. The
mortality rate was counted 7.1% for the group receiving remdesivir
vs. 11.9% for the placebo group at the 14th day of treatment. The
overall observation with these results suggests that remdisiver is
helpful in COVID-19 but not to completely cure or stop its spread.
There is some more combination of different antiviral agents has
been recommended to improve COVID-19 patient outcomes. They
also suggested that antiviral treatment should start before the pul-
monary disease progresses to the point of requiring mechanical
ventilation. However, the intravenous administration of remdesivir
makes this drug difficult to prescribe following the first mild or
moderate symptoms observed after the first few days of SARS-CoV-
2 infection [153]. The effect of favipiravir vs. lopinavir /ritonavir for
the treatment of COVID-19 has been observed in an open-label,
nonrandomized trial of 80 patients in China. Patients with labo-
ratory confirmed COVID-19 who received oral FPV (Day 1:1600
mg twice daily; Days 2−14: 600 mg  twice daily) plus interferon
(IFN)-� by aerosol inhalation (5 million U twice daily). An open-
label, nonrandomized trial of 80 patients with COVID-19 in China,
noticed, a fast viral load reduction in patients who  were treated
with favipiravir as compared with historical controls treated with
lopinavir ritonavir. But there were no control group were set for
efficacy examination and patients were co-treated with interferon-

�1b (IFN-�1b) until viral clearance, which makes it difficult to
estimate the antiviral activity of favipiravir. Further trials will be
necessary to evaluate the efficacy of favipiravir against COVID-
19 [154]. In China a total of 199 hospitalized adult patients with
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s used in the treatment of COVID-19 [72].

aboratory-confirmed SARS-CoV-2 infection underwent random-
zation; 99 were assigned to the lopinavir-ritonavir group, and 100
o the standard-care group for the evaluation of the efficacy and
afety of oral lopinavir-ritonavir. There was no significate differ-
nce were found, in the group treated with lopinavir-ritonavir as
ompared with standard care [116]. In Hong Kong, a combination
f lopinavir-ritonavir and IFN-�1b plus ribavirin were used for the
reatment of COVID-19 patients. In this study, 127 patients were
ecruited; 86 were randomly assigned to the combination group,
nd 41 were assigned to the control group (lopinavir-ritonavir
lone). The combination group had a significantly shorter median
ime from start of study treatment to negative nasopharyngeal
wab (7 vs. 12 days; P = 0.0010). No differences in adverse events
ere reported. Assuming that lopinavir-ritonavir has poor antiviral

ctivity, IFN-ribavirin might be responsible for the efficacy of the
bovementioned triple combination [155]. The repurposed drugs
ere achieved the tremendous attention due to the rapid escala-

ion of SARS-CoV-2 infections. These repurposed drugs were tried
o control the morbidity, mortality, and spread of this new disease.
here are so many clinical trials have been completed and many
ore are still running, but no repurposed drug has been claimed

hat could have high impact to the SARS-CoV-2 infection. Up  to
ome extent remdesivir has shown the most promising results so
ar and reduce the mortality of COVID-19, but more potent and sig-
ificantly specific, antivirals are required to curb the coronavirus
andemics.

oxicities of repurposed drugs

Despite the possible role of existing drugs in fighting SARS-CoV-
, the toxicities of these medications must be elucidated. Most of
he recently used therapeutic drugs may  show some adverse side
ffects such as cardiotoxic, hepatotoxic, nephrotoxic, hematologic
oxicity consequences [61,156]. Therefore, the administration of
vailable drugs either alone or in combination with one another
emains under debate [97]. Sanders et al. reviewed the toxic-

ties and adverse effects of most of these drugs [61]. CQ and
CQ can trigger retinopathy, neuromyopathy, and cardiomyopa-

hy [85,157,158], although the half cytotoxic concentration (CC50)
alue of HCQ (249.50 �M)  was lower than that of CQ (273.20 �M),



C

A

t
U
o
t

R

I. Hussain et al. 

suggesting the reduced toxicity of the former. Separately, statistical
index (SI) values (CC50/EC50) of CQ (100.81, 71.71, 38.26, and 37.12)
and HCQ (55.32, 61.45, 14.41, 19.25) at multiplicities of infection of
0.01, 0.02, 0.2, and 0.8, respectively, indicated the existence of rela-
tively low SI values [81]. Wang et al. compared the in vitro (in Vero
E6 cells) antiviral efficiency against 2019-nCoV and the cytotoxic
effects of seven drugs including ribavirin, CQ, remdesivir (GS-5734),
and favipiravir (T-705); the outcomes of this study are presented
in Fig. 4, which shows that ribavirin and favipiravir required high
EC50 concentrations of 109.50 and 61.88 �M,  respectively, with
CC50 values of greater than 400 �M resulting in low SI values of
greater than 3.65 and greater than 6.46 respectively, to inhibit
2019-nCoV. Elsewhere, CQ (EC50 = 1.13 �M;  CC50 > 100 �M,  SI >
88.50) and remdesivir (EC50 = 0.77 �M;  CC50 > 100 �M;  SI > 129.87)
inhibited virus infection at lower micromolar concentrations, sup-
porting that remdesivir and CQ might be effective in the controlling
2019-nCoV with lower levels of toxicity [72]. Some other antiviral
drugs such as lopinavir and ritonavir also have toxic side effects
together with poor SARS-CoV-2–inhibition efficacy [11,94]. NSAIDs
can cause serious nephrotoxicity in severely affected COVID-19
patients [134]. The adequate use of all vitamins is a significant way
to boost the immune system [159].

Conclusion and future perspectives

The entire world continues to hope for the development of accu-
rate treatments for COVID-19 in a timely fashion and hundreds
of ongoing clinical trials aim to deescalate the pandemic. In this
review, the potential roles of various existing drugs have been dis-
cussed and comparative information has been provided to help
health care practitioners decide their effectiveness in the treat-
ment of COVID-19. The mechanisms of these drugs have confirmed
to promote the inhibition of SARS-CoV-2 virus replication, which
suggests the ability of these medications to limit the viral load
and prevent progression to severe disease [60,78]. Because of the
potential rapid mutation of the SARS-CoV-2 virus, drug resistance
needs to be explored too [78]. Some TCM and macronutrients and
micronutrients investigated to date in clinical trials of COVID-19
also need to be further evaluated either in combination with West-
ern medicines or alone to estimate their overall efficacy against
viral infections [160,161]. More clinical studies are still required
to develop standard protocols in COVID-19 treatment character-
ized by high efficacy and reduced toxicity. These promising findings
could constitute an impactful blueprint for the future [60,111,162].

Apart from the potential roles of repurposed drugs, proper diag-
nosis remains the only viable tool to control and manage the current
situation. Indeed, RT-PCR and serological ELISA assay are the only
methods by which to establish the diagnosis of COVID-19, yet
are tedious and time-consuming to use, so new techniques are
needed to reduce the time to obtain a diagnosis so as to facilitate
rapidly actionable results that could support the early identifi-
cation of COVID-19 patients and discern the appropriate use of
isolation resources, infection-control measures, and recruitment
into clinical trials. Keeping these points in consideration, there is
an urgent need for all relevant parties to join forces to develop
new therapeutic drugs, vaccines, and diagnostic kits for COVID-19.
Of note, other pharmaceutical companies are working on a gene-
silencing approach, where the use of so-called small interfering
RNA medicines could block the virus’ mutation by rendering some
of its genes nonfunctional [163].
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