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Abstract The uncertainty related to prevention and treat-

ment of Coronavirus disease 2019 due to lack of effective

vaccine candidates or drug molecules has resulted in

extensive spread of infection and mortality worldwide.

Although the asymptomatic or mild patients are becoming

healthy with regular over-the-counter medicines and proper

rest and care, for the severe patients, in the absence of

definite cure, different drug combinations are being used to

treat on trial basis without the assurance of efficacy and

safety. This scenario has however changed now with some

medicines including antiviral Remdesivir and Favipiravir

and anti-inflammatory drugs like dexamethasone and

tocilizumab which have shown some positive results in

trials such as decreasing need of mechanical or non-inva-

sive ventilation or mortality. Further, a number of vaccine

candidates are currently in pipeline and in advance stages

of clinical trials, which will enhance their prospects in

determining how the disease will be controlled in the times

to come. In this article, an account of the under-trial

potential drugs and vaccine candidates has been provided,

and their future prospects have been discussed.
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Introduction

The Coronavirus disease 2019 (COVID-19) has reached a

pandemic proportion and as of November 7, 2020 has

affected more than 49 million people and killed 1,239,157

people globally [17]. Amid the gradual easing of global

lockdown, which was imposed in many countries in the

first quarter of year 2020, the hospitals are struggling to

keep up with the increased pace of patients arriving daily.

Majority of the patients (nearly 80%) are either asymp-

tomatic or having mild to moderate symptoms including

fever, dry cough, loss of sense of smell and taste and dif-

ficulty in breathing [16]. In many countries asymptomatic

and mild patients are being advised to undergo in isolation

and treated for the symptoms at home with normal

medicines as used in case of seasonal flu. Such patients are

getting recovered even without much attention from spe-

cialist doctors. They usually are advised to rest, stay

hydrated, monitor their health regularly, and if needed over

the counter antipyretics like acetaminophen/paracetamol to

relive their fever is suggested [11]. To avoid the spread of

infection to others, the asymptomatic and mild to moderate

patients are further being advised to stay at home in iso-

lation even from other family members and follow the

precautionary measures that include wearing face masks,

washing or sanitizing hands frequently, secure their cough

or sneeze, keep safe distance from others and disinfect

common places regularly.

Some moderate patients develop serious symptoms

which includes increased difficulty in breathing, chest pain,

delirium or confusion and lips and face getting bluish

indicating lack of oxygen in blood [11]. Such patients need

to be rushed to hospitals for additional care, support, and

treatment. Once in the hospital, these patients are given

fluids through intravenous tubes and oxygen through tubes
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inserted in nostrils and are tested for COVID-19 using

PCR-based test and/or antigen-based test along with x-ray

or CT scan of the chest [11].

In severe cases when patients fail to breath on their own,

they are kept on ventilators to support their lungs and keep

them oxygenated. As far as therapy of the serious patients

is concerned there is no one specific therapeutic regimen.

In fact, no specific medicine to treat COVID-19 at this time

is available. Many candidate drugs are being used by

doctors in different countries and hospitals, but their effects

on COVID-19 and to treat the disease successfully have not

been unequivocal.

An account of potential drug candidates and vaccines

that are under trial or being repurposed to manage the

COVID-19 patients has been presented here to understand

their prospect of availability sooner or later to contain the

pandemic in near future.

Drug candidates against COVID-19

Since the majority of serious COVID-19 patients are found

to have other comorbid conditions such as obesity, dia-

betes, hypertension and other cardiopulmonary conditions,

it is challenging to clinically intervene and save such

patients, especially when the disease is presenting differ-

ently in different cohort of patients. Thus, the drugs that are

being administered are mostly on the trial basis, which are

currently small and single center-based studies, and the

results are not highly unequivocal.

A small open-label non-randomized clinical trial was

done initially in France where doctors used hydroxy-

chloroquine, a drug usually used in malaria and rheumatoid

arthritis, and azithromycin, which is an antibiotic, to study

their impact on COVID-19. The results claimed that

hydroxychloroquine decreased the viral load in COVID-19

patients six days after the treatment, and that its effect was

strengthened by adding azithromycin to the treatment

regimen [21]. This study was small where 20 patients were

included in single arm protocol.

The American Food and Drug Administration (FDA),

based on the results of above study, gave approval for the

emergency use of antimalarial drugs hydroxychloroquine

and chloroquine to treat COVID-19 patients but cautioned

against use outside of the hospital setting or a clinical trial

due to risk of heart rhythm problems [24]. The effects of

these antimalarial drug are however controversial. Another

study showed no benefit from hydroxychloroquine treat-

ment, rather increased likeliness of patients to die. In this

study, which was conducted on 96,032 COVID-19 patients,

the death in control group (who did not receive the drug)

was only 9.3%, while in the group treated with hydroxy-

chloroquine death was reported in 18% of the patients and

those treated with chloroquine 16.4% death was reported.

Further, when these drugs were combined with an antibi-

otic, in place of benefiting, the death rate increased to 23.8

and 22.2%, respectively [29]. Although these drugs are

otherwise safe when used for malaria or rheumatoid

arthritis, but in the COVID-19 patients with additional

comorbid conditions like metabolic disorders, heart prob-

lems, kidney disease, diabetes, asthma etc. it is likely to

enhance the complications exhibiting side effects such as

arrythmia, muscle loss, seizures, and decreased blood cell

count [29]. With these results, while the FDA has now

cautioned the used of both the drugs in COVID-19 patients,

a group of more than hundred scientists from across the

world raised the questions on the statistical accuracy and

data validation and the above study stands retracted [38].

The US FDA also gave an emergency use authorization

for the use of another drug Remdesivir [15]. It is a

nucleotide analogue which prevents viral replication by

inhibiting RNA dependent RNA polymerase enzyme in

cell-based assays, and thus can be helpful in viral diseases

[22]. However, its effect in COVID-19 patients was not

very strong. At best, in the adult COVID-19 patients hos-

pitalized with lower respiratory tract infection Remdesivir

was found superior to placebo in decreasing the recovery

time [8]. According to the FDA, Remdisivir was allowed

for treatment of severe COVID-19 patients with low oxy-

gen level requiring ventilators, and its use would be con-

sidered experimental. Similarly, Favipiravir, another

antiviral drug, has also been found effective against the

mild to moderate COVID-19 conditions and has been

approved by many countries for restricted use. In a meta-

analysis study Favipiravir showed significant clinical and

radiological improvement compared to the standard care

although no significant differences on viral clearance,

oxygen support requirement and side effect profiles were

observed [39]. Although antiviral drugs were seen as

potential treatment strategy, trails with these drugs have

shown satisfactory and beneficial effects against COVID-

19. More studies and clinical trials are underway to explore

the possibility of developing new antivirals or allow the use

of present drugs through repurposing them.

Interleukin (IL)-6 neutralizing antibody, tocilizumab,

has also emerged as an alternative drug to treat COVID-19.

Tocilizumab is usually used to treat autoimmune condi-

tions where the level of cytokine IL-6 is reportedly ele-

vated. A single centre study done in 15 COVID-19 patients

at Zhongfaxincheng campus of Tongji Hospital in Wuhan,

China, suggested that drug tocilizumab can be an effective

treatment option in COVID-19 patients with elevated IL-6

having a risk of ‘cytokine storm’ [27]. According to an

observational study recently published in the Lancet

rheumatology, in the COVID-19 patients needing intensive

care unit admission, tocilizumab helped decrease mortality
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although the results from randomized trial is still awaited

[10]. In another randomized clinical trial, it was found that

tocilizumab could lower the initial requirement of non-

invasive ventilation or death by 14th day but did not

decrease mortality by 28th day [23]. The CORIMUNO-

19—TOCI trail in France undertook a multicenter open-

label randomized controlled study of tocilizumab involving

adult patients with moderate or severe COVID19 not

needing intensive care support. The study set the need for

non-invasive/mechanical ventilation or death at day 14

after admission as primary outcome. Out of 129 patients

who participated in the study, 65 were given standard care

along with tocilizumab and the other 64 were given only

standard care. In a press release, the study reported pre-

liminarily that a significantly lower proportion of patients

in tocilizumab group required ventilator support or died at

day 14 than the standard care group [42]. Another retro-

spective observational study performed in small group of

COVID-19 patients reported effectiveness of tocilizumab

in critically ill COVID-19 patients and recommended that

repeated doses of tocilizumab could be an effective treat-

ment option especially in patients with a risk of cytokine

storm [28]. Despite the positive outcomes reported in these

studies, more recent studies have raised caution due to

variance in different cohort of patients. For example, a

study by Stone et al. reported that ‘‘tocilizumab was not

effective for preventing intubation or death in moderately

ill hospitalized patients with Covid-19.’’ Although the

authors did not rule out ‘some benefit or harm’ due to wide

confidence intervals for efficacy comparisons in the study

[41]. In view of the mixed results, experts have asked to

reassess the role of this drug in the COVID19 patients and

agencies like National Institute of Health (NIH), USA

recommended against its use except only in the context of a

clinical trial [33].

Cytokines are the chemicals secreted by the immune

cells in response to the invading pathogens with the aim to

neutralize and remove them from the body. However, in

case of high pathogen load and sever infection these cells

secrete overwhelmingly large amounts of cytokines, which

is referred to as ‘cytokine storm’, leading to the damage of

host tissue and organs. Involvement of NALP3 (NACHT,

LRR, and PYD domains-containing protein 3) inflamma-

some, an important component of innate immune arm of

the body, in the virus mediated inflammation is known and

it is likely to have role in the ‘cytokine storm’ during

COVID-19 as well [45, 46]. The viral proteins and RNA

are known to activate NALP3 inflammasome in the mac-

rophages through pathogen associated molecular pattern

(PAMP) and danger associated molecular pattern (DAMP)

recognition receptors and produce excessive amount of

proinflammatory cytokines IL-1b [26]. This and other

inflammatory cytokines such as IL-6 and TNF-a released

by immune cells can cause cytokine storm leading to

severe pulmonary disease upon novel Coronavirus infec-

tion. The swift and strong immune response lodged by

NALP3 inflammasome, which opens cytokines floodgates,

results in aggravation of the disease severity and increases

fatality, making it an important molecular target to treat

COVID-19 [20, 44]. Thus, in the severe COVID-19

patients, to contain the cytokine storm and to enhance the

treatment efficiency use of cytokine neutralizing antibodies

or other potent anti-inflammatory molecules can be effec-

tive in decreasing the inflammation. There can be many

targets associated with NALP3 pathway including NALP3

itself, and IL-1b. The drug molecules are already available

against these mediators and are in different stages of

clinical trials which can be repurposed for the treatment of

COVID-19 patients. For example, tranilast for NALP3

inhibition has been used in bronchial asthma and suggested

for repurposing for the treatment of COVID-19 [9]. Simi-

larly, an anti-IL-1b monoclonal antibody canakinumab and

human IL-1 receptor antagonist anakinra can be good

candidates for the inhibition of bioactive IL-1b and sup-

pression of cytokine storm in COVID-19 patients [9, 35].

It should be understood that virus per se does not cause

the severity of the disease, rather it’s the heightened

inflammation lodged by our immune cells in response to

the virus infection that affect the function of cells and

tissues. Thus, decreasing the level of inflammation helps

patients minimize the collateral damage and buy the time

for the immune cells to fight the infection. Accordingly,

other potent anti-inflammatory drugs and monoclonal

antibodies against cytokines like IL-8 and TNF-a can also

be tested. Since inflammation during viral infection is

common and known to cause collateral damage by killing

the host cells and weakening the response against the virus,

this can be effective strategy against COVID-19.

The clinical trials using the plasma-derived from the

blood of recovered patients have been done with mixed

results. Convalescent Plasma, as it is called, contains the

antibodies generated against the Coronavirus in the

recovered patient, and is used to kill the virus in other

patients [43]. Various agencies have allowed its use in

severely ill COVID-19 patients and for the purpose of

clinical trials including the FDA, which authorized the

emergency use of antibody-packed plasma isolated from

recovered COVID-19 patients [36]. A recently published

results from an open label phase II multicenter randomized

controlled trial (PLACID Trial) in India funded by the

ICMR suggested outrightly that therapy with convalescent

plasma did not show ‘‘a reduction in progression to severe

covid-19 or all cause mortality’’ [4]. However, the authors

also suggested that ‘‘A priori measurement of neutralizing

antibody titers in donors and participants might further
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clarify the role of convalescent plasma in the management

of covid-19.’’ [4].

In addition to these potential drug candidates which are

in different stages of trials or being used in severe patients

as emergency medicines, WHO had launched a SOLI-

DARITY trail as an international clinical study for

COVID-19 treatment and enrolled nearly 12,000 patients in

over 30 countries selecting 500 hospitals [40]. The Soli-

darity trial aimed to compare its drugs versus standard of

care and assessed their relative effectiveness against

COVID-19 on three major outcomes i.e. mortality, need for

assisted ventilation and duration of hospital stay. Accord-

ing to the last update released on 15 October 2020, the trial

reported that its four treatment options including Remde-

sivir, hydroxychloroquine, lopinavir/ritonavir and inter-

feron showed ‘little or no effect on overall mortality, need

of ventilation and duration of hospital stay’ in COVID-19

patients admitted in hospitals [40]. However, trial sug-

gested that only corticosteroids were found effective

against severe and critical cases of COVID-19 [40].

Vaccine candidates against COVID-19

Several vaccine candidates are also under the pipeline

across the world which are aimed to be used as preventive

tool against Coronavirus infection. Vaccines are substances

derived from disease causing organisms that when enter

human body induce acquired immunity against disease

causing organisms. A vaccine is usually made by weak-

ening the pathogen by a process called attenuation, or is a

heat-killed pathogen, or its disease-causing toxins or pro-

teins present on their outer surface.

The vaccines against a virus can be of different types

depending upon the technological platforms used to syn-

thesize them. These may include inactivated or live atten-

uated viral particles, virus-like particles not containing

viral genome, recombinant viral proteins or peptides, viral

nucleic acids encapsulated in delivery vesicles like lipo-

somes or inserted in plasmid vector, and viral vectors

which may or may not replicate in host cells. Globally,

several efforts are being made to make the vaccines in each

of these different platforms. According to an estimate,

there are more than hundred candidate vaccines that are

currently in the developmental pipeline and at different

stages of clinical trials, some having advanced to phase

3/4, while a couple of them have been approved recently in

many countries for vaccination of adults aged 18 years or

above.

In one of the initial human trials, a COVID-19 vaccine

was developed using an adenovirus type 5 (common cold

virus) vector containing partial genetic material of

Coronavirus that encodes the spike protein. Just one dose

of this vaccine, named Ad5-nCoV, found to generate

specific T-cells and antibodies against the Coronavirus and

was also found safe [47]. The study, which as an open-label

phase 1 clinical trial performed on 108 healthy volunteers

from Wuhan, China, demonstrated encouraging outcomes.

In this trial, the vaccine induced rapid specific T-cell

responses on day 14 post-vaccination and was found to be

tolerable and immunogenic even 28 days after the injection

of the vaccine [47]. The group working on this candidate

vaccine, CanSino Biologics of China, has already com-

pleted phase 2 study and found that Ad5-nCoV vaccine

was safe and after a single immunization dose it induced

significant immune responses in the majority of recipients

[48]. The vaccine is currently under phase 3 trial (Clini-

calTrials.gov Identifier: NCT04526990) to evaluate effi-

cacy, safety and immunogenicity of the candidate vaccine

[34].

Another candidate vaccine in trial pipeline is a nucleic

acid vaccine being developed by USA-based pharma

company Moderna. They have used viral mRNA that codes

for spike protein encapsulated into a liposome for phase 1

study (ClinicalTrials.gov number, NCT04283461). The

company has claimed that their candidate vaccine, mRNA-

1273 was found safe and successfully induced immune

response in the volunteers which was similar to that of

natural viral infection [30]. The phase 1 study involved

merely eight elder volunteers who showed only mild to

moderate adverse events linked to mRNA-1273. The study

suggested to use 100 lg dose for phase 3 trial as this dose

induced higher binding- and neutralizing-antibody titers

which were better than that of a lower 25 lg dose [6]. The

company has enumerated on its website several advantages

of mRNA-based vaccine such as similarity to natural viral

infection, possibility of including several mRNAs coding

for different viral proteins in a single vaccine. The candi-

date vaccine has entered phase 3 trial (ClinicalTrials.gov

Identifier: NCT04470427) in the USA [3]. Recently,

this vaccine candidate has been reported to show 94.1%

efficacy in phase 3 trial and the makers have sought ap-

proval for distribution and use in adults of 18 years of age

and above in the USA under emergency use authorization.

A Chinese company, SinoVac Biotech, announced that

its inactivated vaccine candidate produced neutralizing

antibodies against Coronavirus in the preclinical model

including rhesus macaque monkeys and was found safe

[14]. The company has already started phase 3 clinical trial

using their Adsorbed COVID-19 candidate vaccine and

more than 13 thousand volunteers [13]. Another company,

China national pharmaceutical Sinopharm, has started

phase 3 clinical trial using inactivated viral particles as

vaccine, the first in this category to reach phase 3 stage

[12]. Earlier, the company had claimed that in phase 1 trial,

which involved injecting the vaccine in 96 healthy people,
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the vaccine returned no severe adverse reactions and

showed good safety profile [18].

A DNA vaccine for COVID-19 named INO-4800 has

been developed by Inovio Pharmaceuticals, Inc., a US-

based company. Announcing the results of its pre-clinical

study involving mice and guinea pigs, the company has

claimed that the vaccine elicited ‘robust neutralizing anti-

body and T-cell immune responses against Coronavirus

SARS-CoV-2’ [25]. Phase 2 clinical trial (ClinicalTrials.-

gov Identifier: NCT04447781) of its candidate vaccine is

underway in the USA [37].

A vaccine candidate named ChAdOx1 nCoV-19, which

uses a weakened common cold chimpanzee virus ChA-

dOx1 containing the genetic material of the spike protein of

Coronavirus has been developed by Oxford University

[31]. Once the vaccine injected, it produces spike protein in

host body which alerts the host immune system to produce

immune response and produce antibodies against it. In a

preliminary report of a phase 1/2, single-blind, randomized

controlled trial the candidate vaccine showed an accept-

able safety, and increased antibody responses was observed

upon homologous boosting [19]. The phase 3 clinical trial

of ChAdOx1 nCoV-19 vaccine (ClinicalTrials.gov Identi-

fier: NCT04536051) has already begun [2]. As reported

recently Oxford-Astrazeneca vaccine showed 90% efficacy

when half dose of the vaccine was followed up by a full

dose after a month compared to 62% efficacy when two full

dose of vaccine was administered a month apart.

In India also clinical trials are underway with at least

three candidate vaccines. Indian Council of Medical

Research (ICMR)—National Institute of Virology has

collaborated with an indigenous biotech company Bharat

Biotech International Ltd (BBIL) to develop a COVID-19

vaccine, named COVAXIN, which is whole-virion inacti-

vated SARS-CoV-2 vaccine. A randomized, double-blind,

and multicenter phase 1/2 study using this candidate, code

named BBV152, is currently underway to evaluate its

safety, reactogenicity, tolerability and immunogenicity in

healthy volunteers [5]. The BBIL has stated that its

COVID-19 vaccine will be in the form of nasal-drop and

named ‘CoroFlu’, which is built on an existing flu vaccine

platform that has been found safe in humans. Another

vaccine candidate under trail in India is Covishield which

is under joint study in a Phase 2/3, observer-blind, ran-

domized trial being done by the Serum Institute of India

(SII) and ICMR to examine safety and immunogenicity [1].

The pharma company Zydus Cadila of India has developed

a plasmid DNA vaccine, named ZyCoV-D, for the pre-

vention of COVID-19, which has been found safe in Phase

I clinical trial done in healthy subjects. The company has

begun a multisite, prospective, randomized, adaptive,

phase 2 trial with an aim to evaluate the safety and

immunogenicity of its vaccine candidate [7].

The vaccine development involves huge risks for the

developers and manufacturers. The input cost is involved at

different levels of development and production such as

clinical trials, approval of the regulating bodies and com-

pliance to their regulations. In addition, building manu-

facturing units for large-scale production, recruiting the

human resources such as skilled labor and arranging

required raw materials involve huge capital investment

without surety of success. Further, vaccine development is

a time taking enterprise and the window to develop one

successfully is a minimum of 1.5 to 2 years, which

increases the input cost even more. In the course of an

ongoing pandemic, to develop an effective vaccine is

challenging task and these challenges and pressures put

paramount strain on the rapid production process.

Future prospect

Humanity is facing unprecedented health challenge due to

COVID-19 pandemic. In the absence of clear therapeutic

and preventive measures, the number of infected people

and deaths due to infection both are soaring. Even though

countries have eased the lockdown to allow the resumption

of economic activities, WHO has warned that second wave

could be more severe and may result in greater peak of

infection and mortality. Indeed, in many countries the

COVID-19 cases are consistently rising and in some other

countries including Europe 2nd wave of infection has

commenced and countries are resorting to lockdown again

[32]. In these scenarios, it can be hoped that drugs and

vaccines that are currently in pipeline as discussed above

will be available sooner and will help contain the disease,

reduce the severity and minimize the mortality. There are

several challenges in transferring the undertrial drugs and

vaccines to the clinics, but despite these challenges, the

humanity is hopeful of having much needed breakthrough

against the COVID-19 earlier than later.
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