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a  b  s  t  r  a  c  t

The  recent  emergence  of novel  coronavirus  disease  (COVID-19)  triggered  by  Severe Acute  Respiratory
Syndrome  Coronavirus-2  (SARS-CoV-2)  has  resulted  in substantial  mortality  worldwide.  Presently,  there
is no  approved  treatment  for COVID-19.  Consequently,  the  clinical,  scientific,  and  regulatory  authorities
have  joint  efforts  to  reduce  the severe  impact  of  COVID-19.  To date, there  is  minimal  arsenal  with  no
definite  curative  drugs,  licensed-vaccines,  or therapeutic  conducts  to  combat  the  COVID-19  infections.
Keeping  in  view  the  threats  of this  pandemic,  various  global  organizations,  physicians,  researchers,  and
scientists, are  trying  to  recognize  the  epidemiological  characteristics  and  pathogenic  mechanisms  of
COVID-19  to  discover  potential  treatment  regimens,  vaccines,  and  therapeutic  modes  for future  antici-
pation.  Herein,  we summarize  a contemporary  overview  of  curative  invasions  and  vaccines  for  COVID-19
Therapeutics
Anti-viral drugs

based  on  the  earlier  information  and  considerate  of similar  earlier  RNA  coronaviruses.  The  information
reviewed  here  establishes  a paramount  intellectual  basis  to promote  ongoing  research  to develop  vac-
cines  and  curative  agents.  Thus,  this  review  suggests  the  furthermost  accessible  frontiers  in  the  vaccine
development  to tackle  or combat  the  COVID-19/SARS-CoV-2.

©  2021  The  Authors.  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Introduction

The COVID-19 caused by SARS-CoV-2 was first discovered in
December 2019 and declared an epidemic by WHO  on 11th March
2020 [1,2]. It is a quickly spreading disease with person-to-person
contact [3]. Within months, it has extended to the whole world. The
exact pathophysiology of infection with SARS-CoV-19 is unknown,
thus, needing further investigation [4]. However, it is considered
that angiotensin-converting enzyme 2 (ACE2) present in human
lungs is the primary receptor for the virus. Therefore, it is sus-
pected for a significant contribution of the virus to infect the upper
and lower respiratory tracts. The symptoms associated with COVID
19 ranges from asymptomatic to severe disease leading to death
[5]. They develop from 2 days up to 2 weeks after the exposure to
the virus and commonly include high-grade fever, malaise, cough,
and dyspnea [6]. Some studies have described an incubation period
of 5.1 days, and almost all patients are developing symptoms up
to 11.5 days after infection [7]. Nearly 81% of patients are either
asymptomatic or mildly symptomatic. About 14% have severe dis-
ease, including hypoxia and dyspnea, almost 5% were having a
critical illness of either cardiovascular or respiratory failure, and
2.3% of deaths were reported [8]. There are no drugs or vaccines
available to treat this deadly contagious disease. However, multiple
trials on different drugs are currently undergoing.

SARS-CoV-2 is an RNA virus that contains two  protein groups,
i.e., structural proteins and non-structural proteins. Structural
proteins consist of a spike (S) protein, which binds host cells, nucle-
ocapsid, matrix, and envelops. Non-structural proteins include
proteins such as proteases (nsp3 and nsp5) and RdRp, which repli-
cate the viral genome [9]. Recognition of receptors by the virus
is crucial for viral infectivity. Previous studies show that SARS-
CoV is dependent on the angiotensin-converting enzyme 2 (ACE2)
receptor for its entry. This enzyme is present in the parenchyma
of the lung, endothelium, epithelium, kidneys, and cardiovascu-
lar tissues [10]. ACE2 has 76% homology in amino acid sequence
with the SARS-CoV-S. Upon entry in human cells, S-protein prim-
ing is done by the host cell transmembrane protease serine-type 2
(TMPRSS2), which causes initiation of infection and disease spread

in human cells [11]. The epithelium of upper and lower airways
shows an extensive expression of TMPRSS2 [12]. TMPRSS2 initi-
ates a proteolytic activity at position S20 of SARS-CoV-2 S protein,
causing membrane fusion and viral RNA release in host cells [13].
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332
owever, other studies show that clathrin-dependent and clathrin-
ndependent endocytosis also helps other than membrane fusion
14]. After entry, the viral genome (RNA) is translated into struc-
ural proteins and polyproteins needed for viral replication. When
ost cells are infected with viral RNA, adaptive and innate immune
esponses are generated.

Upon entry of the virus in human cells, the antigen (peptides)
s presented to antigen-presenting cells (APCs) via major histo-
ompatibility complex (MHC) or human leukocyte antigen (HLA)
15]. The SARS-CoV antigen presentation mainly depends on MHC  I

olecules, but MHC  II also contributes to its production [16]. Virus-
pecific cytotoxic T lymphocytes identify the antigen presented
o them. In endosome, pathogen-associated molecular patterns
PAMPs) are recognized by membrane specific pattern recognition
eceptors (PRR). These include Toll-like receptor (TLR3,7,8,9) or the
ytosolic RNA sensor (RIG-I/MDA5) or the secretory type PRR like
annose-binding lectin (MBL) and C-reactive protein (CRP) [17].

he innate and adaptive immune responses are initiated by Inter-
eron (IFN) type I. This recognition starts a signaling pathway using
daptor proteins such as mitochondrial antiviral signaling protein,
FN-�, and stimulator of interferon genes protein, thus initiating

 downstream cascade of molecules. Transcription factors, such as
uclear factor-�B (NF-�B) and interferon regulatory factor 3 (IRF3),
re activated to help nuclear translocation. These factors initiate the
ype I Interferons (IFN-�/�) and pro-inflammatory cytokines pro-
uction, especially IL-6 [18]. The dysregulated immune response
ay lead to a cytokine storm. JAK-STAT pathway is initiated by

ype I IFN and also suppresses the viral replication, thus modu-
ating the phagocytosis of antigens by macrophage and restriction
f infected cells by NK cells [19]. Antigen-presenting cells medi-
te a cytokine release causing the response of T-cells. CD4 helper T
ells assist cytotoxic T cells in initiating adaptive immunity. CD8
ytotoxic T cells secrete molecules including IFN-�, granzymes,
nd perforins, necessary for viral eradication from host cells. B-cell
ediated humoral immune response protects by the production of

ntibodies and thus reinfection [20].

iterature review methodology
A comprehensive bibliographic evaluation was performed to
ustify the work contents and theme. Several databases, including
oogle Scholar, Science Direct, PubMed, Taylor & Francis, Scopus,
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SciELO, Web  of Science, SciFinder, Wiley, and Springer, were care-
fully searched to collect and discuss the information. From the
citations of retrieved-literature additional sources were analyzed.
Different search terms such as severe acute respiratory syndrome
coronavirus 2, 2019-nCoV, SARS CoV 2, corona, viruses, COVID-
2019, coronavirus were employed to search the literature.

Transmission of COVID-19

The COVID-19 can be transmitted to humans by two differ-
ent routes, such as contact and respiratory. When infected people
sneeze or cough, it generates tiny droplets, which can readily
travel through the air and enter another person’s respiratory sys-
tem. Likewise, if a healthy person has close contact with a person
who has respiratory symptoms (coughing and sneezing) has a
greater chance of catching infection through inhaling the respira-
tory droplets of an infected person [21]. These droplets can quickly
drop down on different surfaces, e.g., ground, walls, doors, the rail-
ing of stairs, etc. The COVID-19 can easily remain viable for several
hours resulting in the immediate contamination of the environ-
ment. This, in turn, poses a severe threat of infection for the persons
who may  contact these surfaces. This transmission route is termed
as contact transmission. On the other hand, the chances of infection
from the waste (feces) of an infected person are relatively lower.
There is very little evidence that a person got infected from COVID-
19 from intestinal infection and is present in feces. Among the
confirmed COVID-19 cases, nearly 2–10% of the patients suffer from
diarrhea [22–24]. Whereas two investigations spotted COVID-19
viral RNA wreckages in the patients’ feces [25,26]. Conversely, only
a single study has cultured the COVID-19 from a single sampling
[27]. No fecal-oral transmissions of the virus have been reported
yet.

COVID-19 endurance on various surfaces

It is not evident that the human coronaviruses are present in sur-
face or groundwater. Also, they are not transmitted through water
bodies. The COVID-19 belongs to an enveloped class of viruses that
have a fragile outer membrane. Typically, the enveloped viruses
have lesser stability in an open atmosphere and are more vulnera-
ble to the oxidizing agents, including chlorine. To date, there are no
reports about the existence of COVID-19 in sewage or water. The
waterborne transmission (hepatitis A, norovirus, adenoviruses, and
rotavirus) of this class of viruses is significantly less than the viruses,
which belong to the non-envelop class of viruses. For example, the
existence of human coronavirus in dechlorinated water has been
documented. It can only survive for two days at 20 ◦C in hospital
wastewater [28]. Around 99.9% of infected individuals by a human
coronavirus, mouse hepatitis virus, and gastroenteritis coronavi-
rus died within two weeks at 23−25 ◦C [29,30]. The survival of
COVID-19 is uncertain on various surfaces till now. Recently it has
been documented about the survival of COVID-19 on multiple sur-
faces from 2 to 9 days. This document proves a large variability
about the survival of COVID-19 [31]. This endurance of COVID-
19 owes various factors such as surface type, relative humidity,
temperature, and a particular strain of the virus. The COVID-19
can be inactivated within 1 min  using common disinfectants, such
as sodium hypochlorite or 70% ethanol. Person-to-person trans-
mission behaviors and the impact of social distancing along with
principles of herd immunity are shown in Fig. 1.
Protection of water supplies

Based on the present studies, COVID-19 in drinkable water
bodies is out of the question; therefore, the risk of transmission
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rom water supplies is low [32]. Correspondingly, the investiga-
ions are carried out in a well-controlled environment such as

 laboratory reveals that the COVID-19 might persist contagious
n water bodies polluted with feces for several days to weeks
30]. Water safety can easily be improved by observing various

easures such as protection of water source, water treatment
t distribution points, and storage of water with great care at
omes in covered and frequently cleaned containers. Typically,

ntegrated water treatment procedures, which use disinfection
nd filtration, should deactivate the COVID-19. The disinfection of
ther human coronaviruses can quickly be done with UV-light and
hlorination [33].

The enveloped viruses have a fragile lipid-based cell mem-
rane. Therefore, the coronavirus is more profound to oxidants
nd chlorine. The concentration and contact time for the disinfec-
ion of viruses should be in the range of ≥0.5 mg/L and 30 min,
espectively, at pH < 8.0 [32]. The chlorine should be continuously
aintained through the water distribution system. In the places or

ommunities where central distribution systems are not available,
ifferent domestic treatment technologies such as ultra-filtration
embranes, boiling, solar irradiation, UV irradiation, and nano-
embrane filters, etc., prove best in destroying or removing viruses

21].

afe management of wastewater and fecal waste

The transmission of COVID-19 has not been reported through
ewerage systems with or without treatment. Moreover, there are
o reports that wastewater or sewage treatment workers acquire
cute respiratory syndrome (SARS). This type of illness has been
aused by another class of coronavirus that triggered a massive
utbreak of severe respiratory infection in 2003. The wastewa-
er or sewage systems should be treated in well-managed, and
ell-designed consolidated wastewater treatment approaches for

he better safety of public health. The potential contamination
an quickly be decreased by carefully observing the treatment
latforms. A large wastewater stabilization pool is usually consid-
red to be a practical and straightforward wastewater treatment
ethodology. This type of pool is predominantly well appro-

riate to abolishing pathogens, as comparatively long retaining
ime combined with sunlight, high pH values, biological activity,
nd added factors assist the acceleration of pathogen demoli-
ion. Protective outwears such as masks, gloves, face shields,
oots, goggles, etc., should be provided to the workers. Fur-
her, precautionary measures, such as hand hygiene, should
lso be observed to maintain sanitation workers’ health. One
hould not touch his mouth, nose, eyes, etc., with unwashed
ands.

ASH in health care settings

Current recommendations for hygiene and water sanitation
ealings in health care sites are vital for providing proper care for
atients and protecting staff, patients, and caretakers from infec-
ion risks [34]. The critical parameters such as, managing urine and
eces carefully (should be disposed of with great care), arranging
requent hand hygiene, employing regular disinfection and clean-
ng practices; and carefully handling waste used in health care.
ther recommended and necessary measures include providing
lenty of drinking water to the caregivers, patients, and staff, cer-
ifying that individual hygiene can be sustained, containing hand

ygiene for caregivers, staff, and patients. Other relevant personal
ygiene includes regular laundering of patient’s bedsheets, cloth-

ng clean and easily accessible toilets, isolating, and careful disposal
f waste used by health care officials. For detailed recommen-
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Fig. 1. Safety information and precautionary measures to put the current 2019-nCo
template and exported under the terms of premium subscription.

dations, please refer to the essential standards of environmental
health [34].

Hand hygiene practices

Hand hygiene at regular intervals using various methods such
as washing with soap, alcohol-based hand sanitizers, or pads is of
extreme importance. This should be carried out according to docu-
mented instructions of health specialists known as “My  5 moments
for hand hygiene” [35]. If there is no visible dirt present on hands,
the alcohol-based hand sanitizers should be rubbed for 20–30 sec-
onds [36]. On the other hand, if dirt is visible on hands, soap
should be used to remove the dirt for 40–60 seconds [37]. On all
five moments, hand hygiene should strictly be observed, such as
changing gloves, before wearing and after removing personal pro-
tective equipment (PPE) after having any contact with a patient or
suspected COVID-19 patient or after handling their waste or res-
piratory secretions. This practice must be carried out before eating
anything and after using the toilet [38].

If sanitizers or soaps are not available, then chlorinated water
(0.05%) is an alternative option for washing hands. But, the continu-
ous use of chlorinated water is not a healthy activity as it can cause
dermatitis. This can also increase the risk of asthma and infection.
At all health-care units, functional facilities of hand hygiene should

be provided to the medical workers, including the areas where
medics gear up for treating patients. Furthermore, hand hygiene
facilities should also be available to the patients, visitors, and family
members of patients [39].
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anitation and plumbing

Adequate sanitation facilities such as toilets, flush, or latrine
hould be provided to the confirmed or suspected patients of
OVID-19. Toilets, flush should be operated well and have oper-
tive drain set-ups. After using the bathrooms, the lid should be
roperly drop down to reduce the spreading of droplet splash and
erosol clouds. If the availability of individual toilets is not feasible,
hen cleaning the toilets should be carried out by specialist cleaners
earing all safety gadgets. This task should be performed twice a
ay using a disinfectant.

Moreover, systematic with current regulation, health care work-
rs, and staff should have separate toilet facilities from the patients.
he WHO  commends the use of well-maintained and standard
lumbing, including closed bathroom pipes, and backflow stop-
ocks on atomizers to avoid aerosolized fecal material from arriving
he ventilation or plumbing system, accompanied by the stan-
ard wastewater treatment [40,41]. In 2003, the spreading of
erosolized SARS coronaviruses was  reported because of the lousy
lumbing and air ventilation systems in high rise building situ-
ted in Hong Kong [42]. Therefore, similar apprehensions have been
ssumed about spreading the COVID-19 from poorly designed toi-
ets in multistory apartment buildings [43].

As the health care facilities are associated with sanitation sys-
ems, one should have carried out the risk assessment to assure the
onfinement of wastewater within the sanitation system such as

ipes (no leak) before its appearance at a disposal site or functioning
reatment. Risks concerning the storage or disposal and treatment
ystems’ suitability should be evaluated, ensuring a safety develop-
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ment methodology [44], accompanied by major controlling points
highlighted for mitigation. The pit-toilets are a better option in the
areas where health care facilities are not appropriate. One must
take care of the standard safety measures in arranging the pit-flush
to avoid environmental contamination due to the excreta. If both
precautionary measures are available, then the storage tank for the
wastes must be impenetrable. The feces of the patients should not
get in contact with the groundwater table. Also, the storage tank
must have the ability to reduce the contamination levels before the
excreta’s disposal. Another option is to adopt the two-tank system,
which is parallels connected to facilitate inactivation by increasing
the retention time. Furthermore, intensive care should be taken
while emptying or cleaning the storage tanks so that droplets’
splashing or release must be avoided.

Toilets and the handling of feces

Upon direct or suspected contact to hands with wastage of the
COVID-19 patient, the hand hygiene must be carried out with due
care by using soaps to wash hands rather than alcohol-based hand
rubs (if dirt is visible). Suppose the latrine is not available to the
patient. In that case, a diaper or clean bedpan must be used to col-
lect excreta and be deposed in the separate toilet, which is only used
by suspected or confirmed patients of COVID-19. In all the hospitals
or health care units’ dealings with confirmed or suspected cases of
COVID-19 patients, the toilet waste must be handled as biohazard
waste, and contact should be avoided as little as possible. The per-
sonals dealing with COVID-19 patients wastage should follow the
WHO  precautions by using PPE to prevent exposure to droplets or
direct contact with the feces [38]. There should be proper training
of the workers about wearing and removing the PPE so that the
purpose of the PPE use should not be breached [45]. Suppose all
these protective gears (PPE) are not available or have limited sup-
ply. In that case, the other hygienic measures should be observed,
which include hand wash, the medical workers should maintain 1
m distance from the patients regularly.

In case of using a bedpan, it must be washed and cleaned with
some detergents, followed by using chlorinated water for the dis-
infection. It should be noticed that the water used for washing and
final rinsing must be thrown into the drain or toilet. Some commer-
cially available disinfectants, including cetylpyridinium chloride
(quaternary ammonium salt) and peroxyacetic acid (500–2000
mg/L) can also be used for disinfection purposes according to the
instructions provided by the manufacturers [46]. Chlorine is futile
for disinfection of media that contain vast amounts of dissolved and
solid organic matter. For that reason, the use of chlorine solution
for disposing of fresh excreta is not suitable as it may create some
health risks or possibly splashing.

Evacuating latrines/holding tanks and carrying excreta off-site

The holding tanks for waste used by the COVID-19 patients
must not be emptied until their capacity. Generally, the best safety
measures should be observed in safely managing the excreta. Both
media should be prepared according to the patient requirement by
considering a potential increase in the number of cases, and a reg-
ular timetable should be obeyed for evacuating them centered on
the volumes of wastewater generated. The persons dealing with all
this must wear PPE to avoid all the possible health risks. After care-
fully disposing of the waste and making sure that there is no risk
of more exposure, persons should carefully take out their PPE and

implement hand hygiene afore ingoing to the transport vehicle. A
sealed bag should be used to put the dirty PPE for safe laundering
afterward. In the areas where no off-site treatment facility is avail-
able, in-situ treatment can be carried out using lime. This treatment
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ncludes 10% lime slurry, in which 1-part lime slurry is added per
0 parts of waste.

leaning measures and practices

Current recommended disinfection and cleaning measures for
ealth care services should be obeyed correctly and consistently
39]. Surfaces and laundry of the premises dealing with COVID-19
ases should be done at regular intervals of time (at least once a day)
fter discharging patients [47]. Many decontaminators are on the
o in contrast to enveloped viruses, such as the COVID-19. At this
ime, WHO  recommended the use of a 70% solution of ethanol for
he disinfection of small areas such as reusable equipment. A 0.5%
odium hypochlorite solution can also be for disinfecting purposes.
ll persons dealing with stained bedding, clothes, and towels used
y the patient of COVID-19 infection should wear proper PPE before
oving it. This PPE may  include a mask, heavy-duty gloves, face

hield, goggles, a long-sleeved gown, and an apron if the gown is
ot fluid-resistant, and closed shoes or boots. On the other hand,
hey must wash their hands after having contact with the body fluid
nd further wastage after removing their PPE to reduce the risk of
eing infected. The clothing should be carefully packed in sealed
ontainers that are clearly labeled.

Furthermore, the solid excreta should be put in a covered bucket
o be disposed of in a toilet. The water used for washing purposes in

achines should have a temperature of 60–90 ◦C accompanied by
ood-quality washing detergent. Correspondingly, laundry should
e dried by adopting routine procedures. If the washing machines
re not available, then the hand wash should be carried out in large
rums having hot water. The laundry stuff should be put into the
rums containing hot water and detergent with the help of a stick,
nd splashing should be avoided. After that, the wet laundry should
e dipped in chlorinated water (30 min) followed by rinsing with
resh water and dried in sunlight. If the bed sheets or other clothes’
urface is dirty with excreta, the stains should be cleaned with a
owel and carefully disposed of in toilets. If the towels are dispos-
ble, they must be treated as contaminated waste, and if they are
eusable, their washing must be carried out, as discussed earlier.
inally, the surfaces should be cleaned using a chlorine disinfection
olution according to the documented guidelines [35].

afe disposal of greywater

The reusable stuff such as plastic aprons, heavy-duty gloves,
owns, etc., should be cleaned with chlorinated water (0.5% sodium
ypochlorite) and soap as per WHO  recommendations. On the other
and, disposable stuff should be handled with care and dispose of
s recommended. If the disinfectant is present in greywater due to
rior washing, then the addition of chlorine is not necessary. Cor-
espondingly, this greywater should be drained of in septic tanks
r a soak away container or sewer system. In the case of soak away
ontainer, the container must follow the health policy to eradicate
he chances of exposure and risk of infection.

afe management of health care waste

The healthcare waste must be treated by observing the complete
uidelines to assure environmental safety. No evidence of transmis-
ion of COVID-19 has been reported yet due to direct unprotected
ontact while handling the waste of health care personals. All the

arbage of COVID-19 infected patients should be handled with care
n specific containers and treated safely at the treatment places.

hile it is moved away from the operating site, it is difficult to
nderstand the destroying of the waste. The detailed information
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about the handling and treatment measures can easily be found on
the WHO  guide of COVID-19 [48].

WASH practices in communities and homes

The maintenance of best washing practices should be observed
in the community and home to prevent the transmission of COVID-
19. Consistent and precise hand hygiene is of specific significance.
In schools, homes, and crowded public places, including markets,
worship places, bus or train stations, hand hygiene should be
obeyed strictly. Similarly, before cooking food, before and after
eating, changing the diapers of the child, touching animals after
attending the toilets, etc. the regular handwashing should have
followed. Operative handwashing services with soap and water
should be accessible within 5 m vicinities of bathrooms.

Therapeutic potential, Trials, and current recommendations
of different available drugs for COVID-19 treatment

For treatment and control of COVID-19, there is an urgent need
to develop therapeutic drugs until the development of a vaccine.
Viral entry mechanism of SARS-CoV-2 and proposed treatments for
COVID-19 targeting ACE2 receptors are illustrated in Fig. 2. Con-
sidering available drugs, there is an opportunity to employ them
against SARS-CoV-2 by considering their mechanism of action and
SAR (structure-activity relationship). Following available medica-
tions have been used for the treatment of SARS-CoV-2 (Fig. 3).
Data of their trials, recommendations, and outcomes have been
presented in detail (Table 1).

Chloroquine (CQ)

Chloroquine is an aminoquinoline, which has been widely used
in malaria treatment, prophylaxis of malaria, and treatment of
extraintestinal amoebiasis. It is an old drug, but its use has been
reduced after introducing novel anti-malarial drugs. However, it is
associated with a prolonged QT interval, which may  be fatal when
prescribed with other medications, causing prolonged QT interval.
The anti-viral properties of chloroquine are well established, and
it has been tested against many viruses in vitro [49]. There have
been multiple mechanisms explaining its anti-viral properties that
need further research. As SARS-CoV-2 is found to use ACE2 recep-
tors for its binding [50,51], it has been hypothesized that it may
interfere with glycosylation of ACE2 receptor stopping SARS-CoV-2.
One study reported that other coronaviruses such as SARS-CoV and
MERS-CoV increase the number of ACE2 receptors, thus speeding
up replication and spreading the virus [50]. Inhibition of this step by
chloroquine may  lead to decreased replication and spread of SARS-
CoV-2. Although chloroquine is being used for the treatment and
prophylaxis of COVID-19, no randomized controlled trials (RCTs)
prove its efficacy have been conducted. We  searched the National
Clinical Trial Database [52] and the Chinese Clinical Trial Database
[53] for completed trials, but none were found. Although many tri-
als for the efficacy of Chloroquine phosphate are underway where
patients are currently recruited, none of the completed trials can
be found. After the results of these trials, any recommendations can
be made regarding the use of chloroquine in COVID-19 (Table 1).
Currently, the WHO  does not recommend Chloroquine Phosphate
in prophylaxis or treatment of COVID-19 at any stage. Potential
mechanisms of action of chloroquine against coronaviruses/SARC-
CoV/SARC-CoV-2 are shown in Fig. 4.
Hydroxychloroquine (HCQ)

Hydroxychloroquine (HCQ) is an analog of chloroquine. It has
been widely used to treat rheumatoid arthritis, systemic lupus

l
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rythematosus, porphyria cutanea tarda and malaria prophylaxis
nd treatment. It is given orally in different doses in different
iseases. Its mechanism is unclear in the case of treating rheuma-
ological conditions. However, in the case of COVID-19, HCQ can
ncrease the intracellular pH and impede lysosomal activity in
ntigen-presenting cells preventing antigen processing and MHC
lass II-mediated autoantigen presentation to T cells. It reduces
ctivation of T cells, decreases expression and differentiation of co-
timulatory proteins, and also reduces the production of cytokines
y T and B cells [54,55]. It also disrupts the interaction between
NA in cytosols and the cyclic GMP-AMP synthase [56,57].

One recent ongoing French study demonstrated the HCQ use in
atients with COVID-19. It revealed a significant decrease in the
iral load of patients with COVID-19 who  were given HCQ 600 mg
rally daily. Although only 36 patients were included and divided
nto three groups of mild disease, respiratory infection of the upper
ract (URTI), and respiratory infection of the lower tract (LRTI), 70%
f the study population were given HCQ were virologically cured
ompared to control group. Furthermore, the response was bet-
er in patients with respiratory infection of the upper and lower
ract [58]. However, one pilot study conducted in China did not
etermine any differences using HCQ [59,60]. There are many trials
hose results are awaited regarding the use of HCQ in prophylaxis

nd COVID-19 treatment and efficacy of use along with other drugs.
hese trials are tabulated in Table 1. Despite its promise as a drug
or COVID-19 and widespread use, there is no evidence currently
or its use in COVID-19.

opinavir/Ritonavir

Lopinavir is used in combination with ritonavir for the treat-
ent of HIV infection. One open-label trial confirmed the effective

se of this combination and ribavirin in patients with SARS CoV
nfection and decreased the incidence of acute respiratory distress
yndrome and poor outcomes in those patients [61]. This combina-
ion has also shown in-vitro efficacy against MERS-CoV infection
62]. Lopinavir is an aspartate protease inhibitor of HIV type 1
irus, which makes an inhibitor-enzyme complex, thus blocking
he activity of the enzyme. Ritonavir inhibits the cytochrome P450
nzyme and increases the plasma half-life of lopinavir. There is no
recise mechanism defined regarding its action against SARS-CoV-
. However, due to some promising in vitro results in the treatment
f SARS and MERS [61,62], it has been considered a therapy for the
reatment of SARS-CoV-2. Furthermore, on recent study established
hat efficacy of these drugs may  be due to inhibition of coronavi-
us endopeptidase C30 by ritonavir [63]. Researchers performed
n RCT in China regarding the efficacy of Lopinavir/Ritonavir in
atients having a severe stage of COVID-19. This well-performed
tudy showed no benefit of Lopinavir/Ritonavir use in patients with
OVID-19 [64]. However, the case report of a patient infected with
ARS CoV 2 showed that this combination had decreased viral loads
n a patient with COVID-19 [65]. In one case series done in Taiwan,
his combination was not found to reduce the viral loads of SARS-
oV-2 [66]. Still, this combination needs to evaluate via randomized
ontrolled trials. Following trials (Table 1) are currently recruiting
OVID 19 patients to be assessed or efficacy of lopinavir/ritonavir
ith other drugs. This regimen of Lopinavir/Ritonavir is not rec-

mmended by WHO  and should not be prescribed except for
linical trials. No recommendation can be made until enough data
s obtained for these drugs.

emdesivir
Remdesivir is a new anti-viral drug that is an adenosine ana-
og and has shown efficacy against many viruses. It was initially
aunched as treatment of the Ebola virus [67] but was  later discov-
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Table  1
Clinical trials of available drugs against SARS-Cov-2 worldwide. Data was extracted from Refs. [52,53].

Drugs Trial No. Topic Date of
Initiation

Current Status Country or
region

Chloroquine

NCT04323527 Chloroquine Diphosphate for the Treatment of Severe Acute
Respiratory Syndrome Secondary to SARS-CoV2
(CloroCOVID19)

23/3/2020 Recruiting Brazil

ChiCTR2000031204 A multicenter, single-blind, randomized controlled clinical
trial for chloroquine phosphate in the treatment of novel
coronavirus pneumonia (COVID-19)

30/1/2020 Recruiting China

ChiCTR2000030718 Randomized controlled trial for Chloroquine Phosphate in the
Treatment of novel coronavirus pneumonia (COVID-19)

12/2/2020 Recruiting China

ChiCTR2000030054 A prospective, open label, randomized, control trial for
chloroquine or hydroxychloroquine in patients with mild and
common novel coronavirus pulmonary (COVIP-19)

22/2/2020 Recruiting China

ChiCTR2000029741 Efficacy of Chloroquine and Lopinavir/Ritonavir in mild/general
novel coronavirus (CoVID-19) infections: a prospective,
open-label, multicenter randomized controlled clinical study

12/2/2020 Recruiting China

ChiCTR2000029939 A Single-blind, Randomized, Controlled Clinical Trial for
Chloroquine Phosphate in the treatment of Novel Coronavirus
Pneumonia 2019 (COVID-19)

06/2/2020 Recruiting China

ChiCTR2000029988 Clinical Study of Chloroquine Phosphate in the Treatment of
Severe Novel Coronavirus Pneumonia (COVID-19)

13/2/2020 Recruiting China

ChiCTR2000029935 A Single-arm Clinical Trial for Chloroquine Phosphate in the
treatment of Novel Coronavirus Pneumonia 2019 (COVID-19)

6/2/2020 Recruiting China

ChiCTR2000029542 Study for the efficacy of chloroquine in patients with novel
coronavirus pneumonia (COVID-19)

3/2/2020 Recruiting China

HCQ

NCT04333225 Hydroxychloroquine in the Prevention of COVID-19 Infection
in  Healthcare Workers

3/4/2020 Recruiting USA

NCT04307693 Comparison of Lopinavir/Ritonavir or Hydroxychloroquine in
Patients With Mild Coronavirus Disease (COVID-19)

11/3/2020 Recruiting Republic of
Korea

NCT04331834 Pre-Exposure Prophylaxis With Hydroxychloroquine for
High-Risk Healthcare Workers During the COVID-19 Pandemic

3/4/2020 Recruiting Spain

NCT04332094 Clinical Trial of Combined Use of Hydroxychloroquine,
Azithromycin, and Tocilizumab for the Treatment of COVID-19

2/4/2020 Recruiting Spain

NCT04326725 Proflaxis Using Hydroxychloroquine Plus Vitamins-Zinc
During COVID-19 Pandemia

30/3/2020 Recruiting Turkey

NCT04332991 Outcomes Related to COVID-19 Treated With
Hydroxychloroquine Among In-patients With Symptomatic
Disease

3/4/2020 Recruiting United States

NCT04321278 Safety and Efficacy of Hydroxychloroquine Associated With
Azithromycin in SARS-CoV2 Virus (Coalition Covid-19 Brasil II)

25/3/2020 Recruiting Brazil

NCT04333654 Hydroxychloroquine in Outpatient Adults With COVID-19 3/4/2020 Recruiting USA
NCT04322123 Safety and Efficacy of Hydroxychloroquine Associated With

Azythromycin in SARS-Cov-2 Virus
26/3/2020 Recruiting Brazil

NCT04261517 Efficacy and Safety of Hydroxychloroquine for Treatment of
Pneumonia Caused by 2019-nCoV (HC-nCoV)

6/2/2020 Completed China

ChiCTR2000030054 A prospective, open label, randomized, control trial for
chloroquine or hydroxychloroquine in patients with mild and
common novel coronavirus pulmonary (COVIP-19)

2/2/2020 Recruiting China

ChiCTR2000029992 A prospective, randomized, open label, controlled trial for
chloroquine and hydroxychloroquine in patients with severe
novel coronavirus pneumonia (COVID-19)

18/2/2020 Recruiting China

ChiCTR2000029899 Evaluation the Efficacy and Safety of Hydroxychloroquine
Sulfate in Comparison with Phosphate Chloroquine in Mild and
Commen Patients with Novel Coronavirus Pneumonia
(COVID-19): a Randomized, Open-label, Parallel, Controlled
Trial

16/2/2020 Recruiting China

ChiCTR2000029898 Evaluation the Efficacy and Safety of Hydroxychloroquine
Sulfate in Comparison with Phosphate Chloroquine in Severe
Patients with Novel Coronavirus Pneumonia (COVID-19): a
Randomized, Open-Label, Parallel, Controlled Trial

16/2/2020 Recruiting China

ChiCTR2000029868 Hydroxychloroquine treating novel coronavirus pneumonia
(COVID-19): a randomized controlled, open label, multicenter
trial

15/2/2020 Recruiting China

ChiCTR2000029803 A prospective, randomized, open-label, controlled clinical
study to evaluate the preventive effect of hydroxychloroquine
on close contacts after exposure to the Novel Coronavirus
Pneumonia (COVID-19)

14/2/2020 Recruiting China

ChiCTR2000029559 Therapeutic effect of hydroxychloroquine on novel
coronavirus pneumonia (COVID-19)

4/2/2020 Recruiting China

ChiCTR1900026938 Efficacy of hydroxychloroquine pretreatment on improving
pregnancy outcome in patients with polycystic ovary
syndrome

26/10/2019 Recruiting China

ChiCTR1900026116 The efficacy and safety of low-dose glucocorticoids combined
withmethotrexate and hydroxychloroquine in the treatment of
early rheumatoid arthritis: a randomized, double-blinded,
controlled trial

22/9/2019 Recruiting China

337



S.M.A. Shah et al. Journal of Infection and Public Health 14 (2021) 331–346

Table  1 (Continued)

Drugs Trial No. Topic Date of
Initiation

Current Status Country or region

ChiCTR1900021757 A randomized controlled trial for hydroxychloroquine sulfate
in the treatment of idiopathic membranous nephropathy

8/3/2019 Recruiting China

ChiCTR-IPR-17012224 A multicenter, randomized, double-blind, double-mock test for
the efficacy and safety of hydroxychloroquine in the treatment
of  rosacea

2/8/2017 Recruiting China

ChiCTR-IPR-17010622 The effect of the treatment with hydroxychloroquine or
compound glycyrrhisim on the blood glucose of patients with
oral lichen planus companying diabetes mellitus

13/2/2017 Recruiting China

ChiCTR-IPR-15005757 Prospective, Randomized, placebo-Controlled, double-blind,
MultIcenter, parallel group Study to assess the Efficacy and
safety of hydroxychloroquine in chinese patients with primary
Sjogren’s Syndrome

20/11/2013 Recruiting China

ChiCTR-TRC-13004257 Hydroxychloroquine in the treatment of the lupus nephritis 28/11/2013 Recruiting China
ChiCTR-TRC-12002083 An Open-Label, Randomized-Sequence, Single-Dose, Parallel

Study of Generic and Branded Hydroxychloroquine Sulfate
Tablet in Healthy Chinese Male Volunteers

6/4/2012 Recruiting China

Lopinavir/ Ritonavir

NCT04255017 A Prospective/ Retrospective,Randomized Controlled Clinical
Study of Antiviral Therapy in the 2019- nCoV Pneumonia

1/2/2020 Recruiting China

NCT04307693 Comparison of Lopinavir/Ritonavir or Hydroxychloroquine in
Patients with Mild Coronavirus Disease (COVID-19)

11/03/2020 Recruiting Republic of Korea

NCT04328012 COVID MED Trial -Comparison Of Therapeutics for
Hospitalized Patients Infected With SARSCoV-2

6/4/2020 Recruiting USA

NCT04315948 Trial of Treatments for COVID-19 in Hospitalized Adults
(DisCoVeRy)

22/3/2020 Recruiting France

NCT04276688 Lopinavir/ Ritonavir, Ribavirin and IFN-beta Combination for
nCoV Treatment

10/2/2020 Recruiting Hong Kong

EudraCT
2020-001113-21

Randomised Evaluation Of Covid-19 Therapy (Recovery) 23/3/2020 Recruiting UK

ChiCTR2000030187 Clinical study for Lopinavir and Ritonavir in the treatment of
novel coronavirus pneumonia (COVID-19)

24/2/2020 Recruiting China

ChiCTR2000029741 Efficacy of Chloroquine and Lopinavir/Ritonavir in mild/general
novel coronavirus (CoVID-19) infections: a prospective,
open-label, multicenter randomized controlled clinical study

11/2/2020 Recruiting China

ChiCTR2000029603 A Randomized, Open-Label, Multi-Centre Clinical Trial
Evaluating and Comparing the Safety and Efficiency of
ASC09/Ritonavir and Lopinavir/Ritonavir for Confirmed Cases
of  Novel Coronavirus Pneumonia (COVID-19)

6/2/2020 Recruiting China

ChiCTR2000029548 Randomized, open-label, controlled trial for evaluating of the
efficacy and safety of Baloxavir Marboxil, Favipiravir, and
Lopinavir-Ritonavir in the treatment of novel coronavirus
pneumonia (COVID-19) patients

4/2/2020 Recruiting China

ChiCTR2000029541 A randomised, open, controlled trial for darunavir/cobicistat or
Lopinavir/ritonavir combined with thymosin a1 in the
treatment of novel coronavirus pneumonia(COVID-19)

3/2/2020 Recruiting China

ChiCTR2000029539 A randomized, open-label study to evaluate the efficacy and
safety of Lopinavir-Ritonavir in patients with mild novel
coronavirus pneumonia (COVID-19)

3/2/2020 Recruiting China

ChiCTR2000029468 A real-world study for lopinavir/ritonavir (LPV/r) and
emtritabine (FTC) / Tenofovir alafenamide Fumarate tablets
(TAF) regimen in the treatment of novel coronavirus
pneumonia (COVID-19)

2/2/2020 Recruiting China

ChiCTR2000029387 Comparative effectiveness and safety of ribavirin plus
interferon-alpha, lopinavir/ritonavir plus interferon-alpha and
ribavirin plus lopinavir/ritonavir plus interferon-alphain in
patients with mild to moderate novel coronavirus pneumonia

1/29/2020 Recruiting China

ChiCTR2000029308 A randomized, controlled open-label trial to evaluate the
efficacy and safety of lopinavir-ritonavir in hospitalized
patients with novel coronavirus pneumonia (COVID-19)

23/1/2020 Recruiting China

Remdesivir

ISRCTN83971151 Public health emergency SOLIDARITY trial of treatments for
COVID-19 infection in hospitalized patients

25/3/2020 Recruiting Argentina, Iran,
Brazil, Canada,
Peru, Qatar,
Germany, Norway,
Spain, Thailand,
Indonesia,Switzerland
South Africa,

NCT04315948 Trial of Treatments for COVID-19 in Hospitalized Adults 13/3/2020 Recruiting France
EUCTR2020-000936-
23-FR

Multi-centre, adaptive, randomized trial of the safety and
efficacy of treatments of COVID-19 in hospitalized adults -
DisCoVeRy

9/3/2020 Authorised France

NCT04292730 Study to Evaluate the Safety and Antiviral Activity of
Remdesivir (GS-5734TM) in Participants With Moderate
Coronavirus Disease (COVID-19) Compared to Standard of Care
Treatment

28/2/2020 Recruiting USA
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Table  1 (Continued)

Drugs Trial No. Topic Date of
Initiation

Current Status Country or
region

NCT04292899 Study to Evaluate the Safety and Anti-viral Activity of
Remdesivir (GS-5734TM) in Participants With Severe
Coronavirus Disease (COVID-19)

28/2/2020 Recruiting USA

NCT04280705 Adaptive COVID-19 Treatment Trial (ACTT) 20/2/2020 Recruiting USA
NCT04252664 Mild/Moderate 2019-nCoV Remdesivir RCT 31/1/2020 Recruiting China

Favipiravir

ChiCTR2000029600 Clinical study for safety and efficacy of Favipiravir in the
treatment of novel coronavirus pneumonia (COVID-19)

30/1/2020 Recruiting China

ChiCTR2000030113 Randomized controlled trial for safety and efficacy of
Favipiravir in the treatment of novel coronavirus pneumonia
(COVID-19) with poorly responsive ritonavir/ritonavir

22/2/2020 Recruiting China

ChiCTR2000030894 Favipiravir Combined With Tocilizumab in the Treatment of
novel coronavirus pneumonia (COVID-19)-A Multicenter,
Randomized, Controlled Trial

1/3/2020 Recruiting China

ChiCTR2000030987 A Randomized Controlled Trial for Favipiravir Tablets Combine
With Chloroquine Phosphate in the Treatment of Novel
Coronavirus Pneumonia (COVID-19)

5/3/2020 Recruiting China

JPRN-jRCTs031190226 Favipiravir in patients infected with COVID-19 27/2/2020 Recruiting Japan
JPRN-jRCTs041190120 Favipiravir for SARS-CoV-infected patients 2/3/2020 Recruiting Japan
NCT04310228 Favipiravir Combined With Tocilizumab in the Treatment of

Corona Virus Disease 2019
8/3/2020 Recruiting China

NCT04319900 Clinical Trial of Favipiravir Tablets Combine With Chloroquine
Phosphate in the Treatment of Novel Coronavirus Pneumonia

5/3/2020 Recruiting China

Ribavirin
ChiCTR2000030922 Prospective, open-label, controlled, multicenter cohort study

of  long-acting interferon plus ribavirin in patients with novel
coronavirus pneumonia (COVID-19)

17/3/2020 Recruiting China

NCT04276688 Lopinavir/ Ritonavir, Ribavirin and IFN-beta Combination for
nCoV Treatment

11/2/2020 Recruiting Hong Kong

ChiCTR2000029387 Comparative effectiveness and safety of ribavirin plus
interferon-alpha, lopinavir/ritonavir plus interferon-alpha and
ribavirin plus lopinavir/ritonavir plus interferon-alphain in
patients with mild to moderate novel coronavirus pneumonia

29/1/2020 Recruiting China

Umefenovir
ChiCTR2000029621 Clinical study of arbidol hydrochloride tablets in the treatment

of novel coronavirus pneumonia (COVID-19)
7/2/2020 Recruiting China

NCT04273763 Evaluating the Efficacy and Safety of Bromhexine
Hydrochloride Tablets Combined With Standard Treatment/
Standard Treatment in Patients With Suspected and Mild
Novel Coronavirus Pneumonia (COVID-19)

14/2/2020 Recruiting China

Tocilizumab

NCT04317092 Tocilizumab in COVID-19 Pneumonia (TOCIVID-19) 19/3/2020 Recruiting Italy
NCT04331795 Tocilizumab to Prevent Clinical Decompensation in

Hospitalized, Non-critically Ill Patients With COVID-19
Pneumonitis

4/4/2020 Recruiting USA

NCT04332094 Clinical Trial of Combined Use of Hydroxychloroquine,
Azithromycin, and Tocilizumab for the Treatment of COVID-19

2/4/2020 Recruiting Spain

NCT04320615 A Study to Evaluate the Safety and Efficacy of Tocilizumab in
Patients With Severe COVID-19 Pneumonia

3/3/2020 Recruiting USA

NCT04310228 Favipiravir Combined With Tocilizumab in the Treatment of
Corona Virus Disease 2019

8/3/2020 Recruiting China

NCT04306705 Tocilizumab vs CRRT in Management of Cytokine Release
Syndrome (CRS) in COVID-19

20/2/2020 Recruiting China

NCT04330638 Treatment of COVID-19 Patients With Anti-interleukin drug 04/2020 Recruiting Belgium
NCT04322773 Anti-il6 Treatment of Serious COVID-19 Disease With

Threatening Respiratory Failure
5/4/2020 Recruiting Denmark

ChiCTR2000030894 Favipiravir Combined With Tocilizumab in the Treatment of
novel coronavirus pneumonia (COVID-19) - A Multicenter,
Randomized, Controlled Trial

16/3/2020 China

EUCTR2020-001039-
29-GR

Management Of Novel Sars Coronavirus 31/3/2020 Germany

Interferons

ChiCTR2000029387 Comparative effectiveness and safety of ribavirin plus
interferon-alpha, lopinavir/ritonavir plus interferon-alpha and
ribavirin plus lopinavir/ritonavir plus interferon-alpha in in
patients with mild to moderate novel coronavirus pneumonia

1/29/2020 Recruiting China

ChiCTR2000029638 A Multicenter, Randomized, Controlled trial for Recombinant
Super-Compound Interferon (rSIFN-co) in the Treatment of
2019 Novel Coronavirus (2019-nCoV) Infected Pneumonia

2/8/2020 Recruiting China

ChiCTR2000030262 Clinical study for combination of anti-viral drugs and type I
interferon and inflammation inhibitor TFF2 in the treatment of
novel coronavirus pneumonia (COVID-19)

2/26/2020 Recruiting China

ChiCTR2000030480 Randomized, open, blank controlled trial for the efficacy and
safety of recombinant human interferon alpha 1beta in the
treatment of Wuhan patients with novel coronavirus
pneumonia (COVID-19)

3/3/2020 Recruiting China

ChiCTR2000030922 Prospective, open-label, controlled, multicenter cohort study
of  long-acting interferon plus ribavirin in patients with novel
coronavirus pneumonia (COVID-19)

3/17/2020 Recruiting China
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Drugs Trial No. Topic Date of
Initiation

Current Status Country or
region

ChiCTR2000031196 Efficacy and optimization of anti-viral therapy for novel
coronavirus pneumonia (COVID-19) patients

3/23/2020 Recruiting

EUCTR2020-001023-
14-GB

a  trial of an inhaled anti-viral drug to treat or prevent severe
respiratory difficulties in patients with COVID-19

3/17/2020 Authorised UK

IRCT20100228003449N27 Interferon ÃŸ in treatment of COVID-19 3/16/2020 Recruiting Iran
IRCT20100228003449N28 Interferon in treatment of COVID-19 3/19/2020 Recruiting Iran
IRCT20151227025726N12 Evaluating the therapeutic and adverse effects of Interferon

avirus
3/23/2020 Recruiting Iran
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beta 1-a in patients with novel Coron
Barcitinib NCT04320277 Baricitinib in Symptomatic Patients In

Open-label, Pilot Study

ered to work against many other viruses, including Marburg virus,
RSV, Lassa fever virus, Junin Virus, Hendra Virus, Nipah virus, MERS,
and SARS viruses [68–70]. Due to its activity against other coron-
aviruses, it has been considered an option against SARS-CoV-2. It
is an adenosine analog and a prodrug that metabolizes to its active
component. It masks viral RNA polymerase and is not proofread
by viral exonuclease, thus decreasing the production of viral RNA
production. Its anti-viral activity is due to a delayed chain cessation
of the virus’s nascent viral RNA, which incorporates itself in viral
RNA and leads to premature termination of viral RNA [71]. Ran-
domized clinical trials have not been conducted in patients with
SARS-CoV-2 using Remdesivir. One recent study published showed
that Remdesivir, when used compassionately, showed improve-
ment in almost 68% of patients with severe disease [72]. However,
many clinical trials are being undertaken for its probable efficacy
against this virus (Table 1). WHO  does not currently recommend
the use of Remdesivir in the treatment of COVID-19. The potential
mechanism of action of Remdesivir against coronaviruses is shown
in Fig. 5.

Favipiravir

Favipiravir is a purine nucleic acid analog and was developed for
the treatment of severe influenza infection. It is effective against
RNA viruses but not against DNA viruses. Due to its anti-viral
activity against RNA viruses, it was used against SARS-CoV-2 [73].
Favipiravir is a potent inhibitor of RNA polymerase of virus and
inhibits the viral genome replication of influenza virus [74]. It
is activated by ribosylation and phosphorylation within the cell
to its active form favipiravir-RTP. The RNA polymerase of virus
recognizes this activated form and incorporates it into emerg-
ing viral RNA as a purine. It causes chain termination during
the synthesis of viral RNA. It has a broad spectrum of activ-
ity against other RNA viruses. The drug is currently approved
for influenza infection in Japan but is not approved in the US
[75]. Due to its efficacy against RNA viruses, it has been consid-
ered for SARS CoV 2 infections. One recent RCT was  conducted
in China, which compared favipiravir versus arbidol in moder-
ate COVID-19 infections. The trial showed that favipiravir had
better efficacy in treating moderate COVID-19 infections as com-
pared to arbidol. Multiple trials are being conducted and are
tabulated in Table 1. It is currently not recommended in treat-
ment for COVID-19 until the results of the above trials are
available.

Ribavirin

This drug has been widely used in several indications. It is being

used for chronic Hepatitis C treatment, HIV treatment, and in cases
of several viral hemorrhagic fevers. However, the data for use in
viral hemorrhagic fevers is lacking, and it may  be only effective
in early disease stages [76]. It is a prodrug, and when converted to
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(COVID-19)
d by COVID-19: an 20/3/2020 Recruiting Italy

ctivate form, it resembles purine nucleotide. It inhibits viral mRNA
apping and RNA synthesis in the virus. More than five mechanisms
ave been postulated for its exact mechanism of action [77]. This
rug has been recommended for repurposing in SARS-CoV-2 infec-
ion [78]. Although its efficacy has been shown along interferons
n inhibiting replication of coronavirus in human and animal cell
ines [79], there are no trials that have been conducted to prove its
fficacy in humans against COVID 19. However, the following trails
re being shown (Table 1).

mefenovir

Umefenovir (arbidol) is an anti-viral drug with a broad spec-
rum and is used to treat influenza in China and Russia [80]. It
s, however, not recommended for this use in other countries.
rbidol inhibits the fusion of membranes [68]. It inhibits the con-

act of viral and host cell membranes, thus inhibiting their fusion.
t prevents the entry of the virus into target cells; therefore, pro-
ecting it from viral infection. Few studies suggest that it is also

ore effective against RNA viruses as compared to DNA viruses
81]. Multiple studies have been conducted regarding the use of
rbidol in COVID-19. One retrospective cohort study determined
hat it speeds up the clearance of virus, improves radiologic images,
nd decreases the oxygen demand, particularly in those with a
ild disease on admission [64]. One comparative study of arbidol

gainst favipiravir showed that favipiravir is superior to arbidol in
ombating SARS-CoV-2 [82]. Another retrospective cohort study
howed that the combination of lopinavir/ritonavir with arbidol is
ore effective in treating SARS CoV 2 than arbidol alone [83]. One

andomized control trial showed no arbidol or lopinavir/ritonavir
fficacy in patients with mild to moderate COVID 19 [84]. Tests
hat are being conducted to evaluate its efficacy are presented in
able 1. Arbidol is currently not recommended for the treatment of
OVID 19.

olicizumab

It is an immunosuppressant that is used to treat rheumatoid
rthritis and systemic sclerosis. It is a monoclonal antibody that
s directed against interleukine-6 receptor (IL-6R), thus blocking
he cytokine related inflammatory process. Cytokine Response is
n inflammatory response that leads to a sudden increase in the
evels of multiple pro-inflammatory cytokines [85,86]. It is com-

on  among diseases related to the immune system and therapy
ssociated with the immune system, such as sepsis-associated
ransplantation of organs [87] and viral infections. The SARS-CoV-2
inds epithelial cells of alveoli in the lungs via ACE2, and activates
he adaptive and innate immune system. It leads to the release of

ytokines, including interleukin 6 (IL-6). Usually, the signal of IL-

 is only limited to the cells that express the IL-6 receptor (IL-6R).
his combination leads to gp130 homologous dimerization and ini-
iates the downstream pathway. However, when the levels of IL-6
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increase, its signal is expressed because gp130 is present every-
where. Tocilizumab binds cell-related IL-6R and soluble IL-6R, thus
inhibiting their signals and cytokine response [88]. The efficacy of
tocilizumab in randomized clinical trials is being investigated [89].
No trial has been completed yet. However, one clinical study was
conducted in patients with severe disease, and it is found to be
effective in patients with severe COVID-19 [90]. Thus, several stud-

ies are under investigation for its possible role in severe SARS-CoV-2
infection (Table 1). It is being investigated for use in severe COVID
19 disease. There are no current recommendations for its use in
patients.
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Fig. 2. (A) Viral entry mechanism of SARS-CoV-2, and (B) Proposed therapeutic treatmen
created with “BioRender.com” template and exported under the terms of premium subsc
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nterferons

Interferons (IFN-�/�) have broad-spectrum anti-viral activity
gainst RNA viruses, inducing an anti-viral response across sev-
ral cell types and mediating adaptive immune response. Humans
roduce 13 kinds of IFN-� and a singular IFN-� [91]. Clinically,
ype 1 interferons have been approved to treat certain cancers,

iral infections, and autoimmune disorders. One recent study also
emonstrated the in vitro effects of interferons on SARS-CoV-2. It
howed that it inhibits the viral replication at the same doses used
or chronic hepatitis B and C treatment [92]. Another study also

ts for COVID-19 targeting ACE2 receptors and RBD of spike protein. The Figure was
ription.
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Fig. 3. Potential Drug candid

showed a significant effect of interferon on replication of SARS-
CoV-2 [93]. No trials have been completed regarding the role of
interferons in COVID-19 management. However, many attempts
are under process to look for their potential as treatment or prophy-
laxis (Table 1). Interferons are currently not suggested for COVID-19
treatment.

Baricitinib and other drugs

Baricitinib is a drug primarily approved for use in rheumatoid
arthritis. It is an immunosuppressant drug. Cytokine storm has been
postulated in patients with COVID 19 [94]. Thus, baricitanib has
been considered a potential treatment for COVID 19 (Fig. 6) [95].
However, some researchers suggest that it may  not be an ideal
drug to treat COVID 19 [96]. As cytokine storm is considered in
the pathology of COVID 19, baricitinib inhibits the activity of Janus
Kinase 1 and 2 enzymes, which interfere with the JAK-STAT sig-
naling pathway, thus reducing disease severity. There are no trials
conducted in this regard; however, one study is being conducted
in Italy, recruiting the patients (Table 1). It is currently not recom-
mended for the treatment of SARS-CoV-2 infection. Other drugs like

traditional Chinese medicines [97] and oseltamivir [98] have been
used in China without any efficacy in the treatment of COVID-19.
There are hundreds of ongoing studies regarding the efficacy of dif-
ferent drugs such as losartan, tocilizumab, hyperbaric oxygen, and

1
a
t
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valuated against COVID-19.

thers. However, no evidence regarding the use of specific therapy
as emerged till now.

OVID-19 vaccines

There are many efforts ongoing in the development of a vaccine
or COVID-19. Most of these studies are either in phase 1 or 2 trials.
owever, multiple types of vaccines are being developed and tested

hroughout the world. These developed or under-development vac-
ines include protein subunit vaccines, viral vectored vaccines,
RNA vaccines, DNA vaccines, live attenuated vaccines, and other

ypes such as self-assembling vaccines [99]. Many phase 1 & 2
esults of trials have shown promise. One single centered phase 2
tudy done in Wuhan, China, showed that Ad5-vectored COVID-19
accine given in two different doses elicited an immune response
n the majority of its participants. No serious adverse events were
oted [100]. Another phase 1/2 trial conducted in Russia also
upported the use of vector-based rAd26 and rAd5 heterologous
rime-boost COVID-19 vaccine [101]. Moreover, another phase
/2 trial was  conducted in the UK using a viral vectored vaccine
xpressing the spike protein of SARS-CoV-2 induced both cellular
nd humoral immunity among its participants [102]. Another phase
 trial conducted in the USA using RNA-based vaccines (BNT162b1
nd BNT162b2) showed effective immunogenicity [103]. Although
hese are preliminary results of different vaccine trials that have
een conducted throughout the world, the vaccines have shown
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Fig. 4. Potential Mechanisms of action of Chloroquine (CQ) against Coronaviruses. CQ can interfere with the glycosylation of ACE2 and reduce the binding efficiency between
ACE2  on the host cells and the spike protein on the surface of the coronavirus. They can also increase the pH of endosomes and lysosomes, through which the fusion process
of  the virus with host cells and subsequent replication are prevented. As a result, administration of CQ not only blocks the invasion and replication of coronavirus, but also
attenuates the possibility of cytokine storm. The Figure was created with “BioRender.com” template and exported under the terms of premium subscription.

Fig. 5. Potential mechanisms of action of Remdesivir against Coronaviruses. The Figure was created with “BioRender.com” template and exported under the terms of premium
subscription.
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y. Rep
Fig. 6. Baricitnib effect on COVID-19 and CSS by suppressing JAK 1/2 kinases pathwa

promise. There are hundreds of trials ongoing for other vaccines
for COVID-19 all over the world. Maybe it is just a matter of time
until phase 3/4 studies are conducted, and the world will be free
from this deadly pandemic.

Conclusion

In conclusion, the details provided in this review are based on
the literature and information available about the COVID-19. The
topic’s inputs are further required from virologists, microbiolo-
gists and infection control experts, and the persons having better
practical knowledge about water, sanitation, and health-care waste
management. Furthermore, in the present situation, the worldwide
collaborations dealing with the solution of the COVID-19 pandemic
should be carried out instead of solving the problem indepen-
dently. However, the epidemic has re-emphasized the significance
of evolving broad-spectrum anti-viral agents to fight present and
future coronaviruses.
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