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Abstract: As the infectivity of the SARS-CoV-2 virus is higher compared with other 
coronaviruses reported so far, so effective therapeutics and vaccines are the best way to 
control the proliferation of this infection The COVID-19 mortality rate is lower compared 
with other similar viral diseases such as severe acute respiratory Ssndrome (SARS) and 
Middle East respiratory syndrome (MERS). However, due to the evolution of SARS-CoV-2 
mutants that are responsible for the subsequent waves, mortality due to COVID-19 has 
increased across the globe. Currently, the magnitude of SARS-CoV-2 infection is highly 
severe and is leading to a tremendously increased number of deaths globally. Scientists 
expect that SARS-CoV-2 has the potential to become a seasonal disease like influenza and 
may persist with humanity in the future. Currently, preventive strategies such as sanitation, 
social distancing, use of masks, potential chemotherapies (pathogen-centric and host-centric), 
and vaccines are the only option to fight against COVID-19. Many groups of Indian 
government-public private consortia had set up different strategies (development of multiple 
vaccines) for combat of this unique threat through stepssuch as an increase in 
vaccinations and sample testing per day. In this focused review, we have discussed the 
challenges faced and success stories employed to manage COVID-19. 
Keywords: COVID-19, potential strategies, vaccines, varients, chemotherapy

Introduction
The World Health Organization (WHO) affirmed COVID-19 as a pandemic on 
11 March 2020 but earlier to this the Chinese government confirmed the first 
outbreak of Coronavirus disease 2019 (COVID-19) in Wuhan on 
31December 2019. The state-wise lockdown, which was imposed in India due to 
the second wave of the novel coronavirus pandemic, affected people belonging to 
every economic stratum. In India, till now (9 July 2021), there have been 
30,752,950 confirmed cases of COVID-19 with 405,939 deaths reported to the 
WHO. COVID-19 cases are rapidly rising globally of which the first case was 
registered on 21February 2020 in Italy. Meanwhile in India, case numbers have 
risen, and community transmission was officially declared by government in 
October 2020. Life is deeply affected by COVID-19 even for the ones who are 
not infected as isolation, contact restrictions and economic shutdown have changed 
the social and economic scenario of India. Vast populations and crowded settle-
ments have increased the number of cases in China, Europe, USA and India. 
Countries with dense populations and robust travel history will increase the pro-
blem of decision-making authorities if testing is limited or disproportionate. The 
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WHO has made projections of 3.5 beds per 1000 
population1 but many countries have only 1.3 beds per 
1000 population in hospitals which is again the concern of 
government. As the pandemic is growing in stages, this 
review assesses the prospects these stages might have on 
the Indian population as it highlights some key challenges 
for treatment and research related to antiviral drugs.

COVID-19 Disease Concatenation
Cases were initially spread by migrants, overseas visitors, 
and some others who were in contact with these infected 
persons, and to control this spread lockdowns were called 
by various countries including India. The situation seemed 
to be under control due to the lockdown, but due to 
a religious gathering in New Delhi, which led to the 
human-to-human transmission of COVID-19, a sudden 
horrific increase in COVID-19 cases occurred. Initially, 
most individuals who came into contact with such infected 
individuals were unaware of the effects of the virus in their 
bodies. To sustain the country’s economy, unlocks were 
called by the Indian Government in multiple phases, there-
fore, the persons who were unaware that they were carry-
ing the virus spread it many more healthy persons. 
However, preventive measures including social distancing, 
quarantine and isolation techniques had been taken glob-
ally and have proven effective in the absence of drug 
treatments and other approaches. Adults (ages 50 and 
over), and people with comorbidities can have higher 
chances of becoming severely ill with COVID-19 and 
contribute to the largest portion of all deaths worldwide 
among infected cases.2,3

In India, the overall numbers dying constantly 
increased, amongst them a lot of the demise circumstances 
pointed to a particular age-group of aged folks.4 In India, 
among the total COVID-19 cases (30,752,950) and total 
deaths (405,939) till 9 July 2021, 90% were older than 40 
years. Overall, people in the age group of 40 years and 
greater, have suffered the major impact of the current 
COVID-19 eruption and are more vulnerable.5,6 The mas-
sive loss of people in the workforce is likely to have 
devastating social and economic consequences.

WHO Guidelines for Prevention/ 
Control of COVID 19

● Maintain at least a one-metre distance between your-
self and others to reduce the risk of infection when 
they cough, sneeze or speak. Maintain an even 

greater distance between yourself and others when 
indoors.

● Make wearing a mask a normal part of being around 
other people. The appropriate use, storage and clean-
ing or disposal is essential to make masks as effective 
as possible.

The basic measures adopted worldwide include mainte-
nance of hand hygiene, avoiding close contact, using 
face masks, disinfection and monitoring health.7 The 
ongoing COVID-19 pandemic has once again brought 
the benefits of appropriate hand hygiene (hand washing 
and use of alcohol-based hand-sanitizers) to the centre 
stage. Since hand washing is not a feasible and available 
option at all times, the use of alcohol-based hand- 
sanitizers (hand rubs) has been recommended by health 
organizations, when hands are not visibly soiled. These 
sanitizers act as a powerful, fast acting and effective solu-
tion with broad antimicrobial range.7 Hands act as 
a medium for exchange of microbes between the organism 
and its environment. The skin of the hands harbours 
a variety of organisms ranging from commensal to poten-
tial pathogens. Therefore, adequate hand hygiene can 
greatly reduce disease transmission. The most commonly 
used agents for hand disinfection are hand-sanitizers. 
There are two major types of preparations available: alco-
hol-based and alcohol-free. The alcohol-based ones, 
known as alcohol-based hand rubs (ABHRs), typically 
have ethyl alcohol (ethanol), isopropanol, or n-propanol 
at concentrations between 60 to 95% alcohol.8 The alco-
hol-free preparations usually contain quaternary ammo-
nium compounds (benzalkonium chloride or 
benzethonium chloride). However, these have been found 
to be less effective and have a risk of contributing to 
antimicrobial resistance (AMR), hence are not recom-
mended by CDC.

Potential Consequences of 
Excessive Use of Hand-Sanitizer to 
Control of COVID19
The CDC has recommended the use of ABHRs and hand 
washing to fight the COVID-19 pandemic. This is due to the 
structural characteristics of coronaviruses, which are envel-
oped viruses with lipid bilayer and are easily inactivated by 
alcohol. A combination of factors such as inappropriate 
formulations, excessive/repeated usage of hand sanitizers 
during this pandemic will have far reaching consequences. 
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These may range from emergence of situation like alcohol 
tolerance and antimicrobial resistance (AMR), disturbance 
of normal microflora, and product toxicity. Similar to anti-
biotics, excessive or repetitive application of alcohol through 
hand-sanitizers has the potential to act as a selection pressure 
for the emergence of new microbial species tolerant to high 
alcohol concentrations.9

Taking note of the repetitive use of ABHRs, Professor 
Tim Stinear from the Peter Doherty Institute for Infection 
and Immunity remarked

Anywhere we repeat a procedure over and over again, 
whether it’s in a hospital or at home or anywhere else, 
you’re giving bacteria an opportunity to adapt, because 
that’s what they do, they mutate. The ones that survive the 
new environment better then go on to thrive. 

He further added that the risk increases when appropriate 
guidelines are not followed.10

Eliminating the normal microflora of the skin by 
repeated use of hand-sanitizers may eventually deprive 
the skin of the protection offered by these commensals. 
Long term use of personal protective equipment along 
with frequent hand hygiene was responsible for high rate 
of skin damage in 97% of respondents while frequent hand 
hygiene was attributed with increased risk of hand skin 
damage.11

Analysis of COVID 19 Situation and 
Envisage the Resurgence
The world has joined hands with parallel efforts for the pro-
duction of vaccines in opposition to COVID-19 pandemic.

Steps Taken by Government to 
Conflict Pandemic
Foot-Operated Washing Station 
Implemented at IAO
A densely populated area like Ladakh has set an example for 
implementation in the “Guidelines for hygiene and sanitation 
during the era of COVID-19 pandemic” by setting up Foot- 
Operated Washing Station, implemented at the Indian 
Astronomical Observatory (IAO), Hanle. Having one of the 
world’s highest located sites for optical, infrared and gamma- 
ray telescopes operated by the Indian Institute of Astrophysics 
(IIA), Bengaluru, IAO12 has one in all the world’s highest set 
sites for optical, infrared and gamma-ray telescopes.

Antiviral Nano-Coating and 
Nano-Based Material Proposal 
Invited by DST to Combat 
COVID-19
Antiviral nano-coating and new nano-based material for 
use in Personal Protective Equipment (PPE) was invited 
by The Department of Science and Technology (DST) 
using the Science and Engineering Research Board 
(SERB) portal, scale up for which could be done by 
partnering industry or start-up. India could be supported 
greatly by such nano-coatings technology to fight against 
COVID-19 pandemic. N-95 respirator, PPEs kits and tri-
ple-layer medical masks could be prepared from antiviral 
nano-coatings for safeguarding healthcare workers.13

Technology Development Board 
(TDB) Has Exponentially Raised the 
Production of COVID-19 Diagnostic 
Kits Through Financial Support
Patients that showed flu-like symptoms was screened and 
detected for COVID-19 through indigenous company 
“Mylab Discovery Solutions” through the development 
of PCR-based molecular diagnostic kit.

TDB will try to boost the production process of kits so 
that present capacity could increase from 30,000 tests 
per day to one lakh tests per day. This automation by 
company could be achieved within the next few months. 
Considering the national emergency COVID-19 kit will be 
deployed by ICMR and CDSCO.14

Herbal Hand-Sanitizer Developed 
by Scientists of National Botanical 
Research Institute (NBRI)
As the demand increased, production of sanitizers have 
seen a boom amid coronavirus outbreak. Owing to 
which alcohol-based herbal sanitizer was developed by 
NBRI under Council of Scientific and Industrial 
Research (CSIR)-Aroma Mission as per the World 
Health Organisation (WHO) guidelines. Apart from hav-
ing 60% of isopropyl alcohol for killing germs it has 
essential oil from Tulsi as natural antimicrobial agent. It 
is not only last for 25 minutes but also prevents skin 
from dehydrating. Herbal sanitizer has been found to be 
effective against the pathogen (Staphylococcus 
epidermidis).15
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Indian Researchers to Go for the 
Clinical Trial of Sepsis Drug Against 
Novel Coronavirus
The Council of Scientific and Industrial Research (CSIR) 
is leaving no stone unturned in the battle against novel 
coronavirus. Repurposing of existing drugs is one of the 
strategies deployed by CSIR. The Council is implement-
ing this strategy by evaluating an existing drug 
(Sepsivac, that available commercially) that is used for 
treating gram-negative sepsis patients. Both Gram- 
negative sepsis patients and critically ill COVID-19 
patients, exhibit the altered immune response and 
a massive change in the cytokine profiles. Cytokines are 
produced in response to an infection and they are essen-
tial for host defence against pathogens. There are six 
types of cytokines, which belong to different families 
and the mixtures of cytokines, called cytokine profiles. 
One of the significant contributors to death by COVID- 
19, has shown the heightened immune response, called 
a cytokine storm. The immune system starts attacking 
both infected as well as uninfected cells and unable to 
discriminate between a friend and a foe, leading to tissue 
damage which resulting in sepsis. This drug (Sepsivac) 
modulates the immune system of the body and thereby 
inhibits the cytokine storm leading to reduced mortality 
and faster recovery.16

Advisory for Use of Cartridge-Based 
Nucleic Acid Amplification Test 
(CBNAAT) Using Cepheid Xpert 
Xpress SARS-CoV-2
ICMR releases advisory for use of Cartridge-based 
Nucleic Acid Amplification Test (CBNAAT) using 
Cepheid Xpert Xpress SARS-CoV-2, effective from 
19 April 2020.17

India’s First Indigenous Antibody- 
Based Testing Kit for Coronavirus 
Testing
India’s first antibody-based testing kit was developed by 
NuLife Consultants and Distributors Pvt. Ltd, New Delhi 
which takes only fifteen minutes to yield accurate results. 
It is launched in two weeks and regular production has 
also started it was approved by the Indian Council of 
Medical Research (ICMR).18 The new finger prick kit 
will provide adequate access to cost-effective testing.

India’s First COVID-19 Home 
Screening Test Kit Launched by 
Bione
Home screening test kit for COVID-19 was launched by 
Bione with easy-to-use kit displays after approval from the 
requisite medical regulatory authorities.

In a get through development, the Company has 
devised the screening kit which can provide respite 
from the impending fear of the contagion. It will foster 
timely detection of the disease while acting as 
a preventive tool for others in proximity to the user, by 
isolating the carrier immediately. The kit is priced 
between `2000–3000 depending upon the global supply, 
to increase its affordability for the masses. Under normal 
circumstances, the ready-to-use kits can be received 
within 2–3 days of placing the order at their platform. 
To initiate an effective screening tool for mass screening, 
the organisation is also in talks to provide bulk orders for 
early detection.19

Drugs /Molecules Can Arrest 
COVID-19
Against COVID-19 drugs and experimental molecule are 
being prepared. SARS-CoV-2 is a single stranded RNA 
enveloped virus. The angiotensin-converting enzyme 2 
(ACE2) receptor of the host cell binds to the spike (S) 
protein of the viral structure. The host type 2 transmem-
brane serine protease, TMPRSS2 facilitates the 
S protein.20 Once the virus enters the host, it starts synthe-
sizing RNA through its RNA dependent RNA polymerase 
enzyme, which is then translated to products. Structural 
proteins facilitate the assembly and release of viral 
particles.21,22

During viral life cycle, chemotherapy is available of 
various potential targets. There are many non-structural 
protein promising drug targets which resembles with 
other coronaviruses (SARS-CoV and MERS-CoV) such 
as 3-chymotrypsin like protease, papain like protease and 
RNA-dependent RNA polymerase. Various molecules and 
their targets are represented in Figure 1.

Hydroxychloroquine (HCQ) 
andChloroquine (CQ)
Chloroquine and hydroxychloroquine used in prevention 
and treatment of malaria and chronic inflammatory dis-
eases such as systemic lupus erythematosus (SLE) and 

https://doi.org/10.2147/RRTM.S274673                                                                                                                                                                                                                                

DovePress                                                                                                                                 

Research and Reports in Tropical Medicine 2021:12 208

Sharma et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


rheumatoid arthritis (RA).23 CQ and HCQ are reliable 
anti-malarial drugs approved by FDA, which shows posi-
tive response against SARS-CoV-2 infections and hence 
used for the treatment of COVID-19 patients by 
clinicians.24–26 It inhibits the entry of the virus by either 
altering the configuration of structure of cell receptors or 
by compete to bind with cellular receptors.27 The glyco-
sylation of ACE-2 cellular receptors can amend by CQ/ 
HCQ which is needed for entry of SARS-CoV-2. Apart 
from that CQ/HCQ can also prevent the attachment of 
SARS-CoV-2 to the host cells by decrease the synthesis 
of sialic acid.

The binding affinity of these drugs is better as com-
pared to the S protein of SARS-CoV-2. Therefore it pre-
vents attachment and entry of virus because of competitive 
binding of sialic acid and gangliosides present on surface 
pf target cell.28

In addition to the antiviral activity of CQ/HCQ, they 
have anti-inflammatory activity that may contribute to its 
efficacy in treating COVID-19 patients. Through the 
attenuation of cytokine production, these drugs also have 
immunomodulatory effects and inhibition of lysosomal 
and autophagy activity in host cells.24,29 In vitro activity 
of HCQ with lower EC50 for SARS-CoV-2 as compared to 
CQ after the growth of 24 hours (HCQ: EC50 = 6.14 μM 
and CQ: EC50 = 23.90 μM).30

A study from China reported which results in improved 
radiologic findings, enhanced viral clearance, and reduced 
disease progression by treating successfully with CQ on 
100 COVID-19 cases.31 When treatment given to 6 
patients, then it is observed that as compared to HCQ 
monotherapy (8/14, 57%) the combination of azithromycin 
with HCQ (6/6, 100%) results in numerically superior 
viral clearance.32

Figure 1 Mechanism of various drugs/molecules on COVID-19 disease.
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Other than these positive results, this study has many 
limitations like intolerance of medication, different viral 
loads between HQC combination and monotherapy and no 
safety outcomes are reported.

Another study of 30 patients in China shows there was 
no difference in virologic outcomes to HCQ plus standard 
of care (supportive care, interferon, and other antivirals). 
At 7th day virologic clearance was similar with clearance 
for the HCQ plus standard of care group and standard care 
group ie 86.7% vs 93.3% respectively, (P >.05).33 

Currently, for COVID-19 treatment several RCTs of both 
CQ and HCQ examining their roles. To treat COVID 19 
500 mg dose of CQ orally once or twice daily is 
advised.8,9

However, there is shortage of data regarding the optical 
dose to ensure efficiency of CQ For HCQ, daily dose of 
400 mg taken orally is recommended.34

Both the agents are well tolerated by patients with SLE 
and malaria as demonstrated by their experiences and they 
can cause rare and serious adverse effect (>10%) such as 
hypoglycemia, neuropsychiatric effects, and retinopathy.

Lopinavir/Ritonavir and Other 
Antiretrovirals
Lopinavir/ritonavir is FDA approved for treating HIV and 
it shows in vitro activity against coronavirus by inhibiting 
3-chymotrypsin like protease.35 The therapy during early 
peak viral replication phase (initial 7–10 days) is important 
because delayed medication with lopinavir/ritonavir had 
no effective outcomes.36,37

Although many RCTs of lopinavir/ritonavir examine 
their role, limited role for lopinavir/ritonavir in COVID- 
19 treatment is suggested through current data.38

Recent RCT shows that approximately 50% of patients 
experienced an adverse effect under the lopinavir/ritonavir 
therapy and 14% of patients stop therapy due to adverse 
effects on gastrointestinal region. In several COVID-19 
investigational trials, alanine transaminase elevations are 
exclusion criterion. Hepatotoxicity induced by lopinavir/ 
ritonavir could limit patients’ ability to access these drugs.39

The activity of darunavir is demonstrated in vitro cell 
models against SARS-CoV-2. With these drugs there is no 
clinical data is available in COVID 19, but in China RCT 
of darunavir/cobicistat is going on.40,41 Ribavirin is 
a analogue to guanine which inhibits viral RNA- 
dependent RNA polymerase and used as best candidate 
for treatment of COVID 19.

However, it has limited in vitro activity against SARS- 
CoV and high doses is required to prevent viral replication 
(e.g., 1.2 g to 2.4 g orally every 8 hours) and combination 
therapy. For nCoV treatment no evidence exists for 
inhaled ribavirin..42 Generally ribavirin is used in combi-
nation with interferons in the treatment of MERS, no 
visible effect is shown on clinical outcomes. A lack of 
clinical data with ribavirin for treatment of COVID 19, 
means its therapeutic role must be extrapolated from other 
nCoV data.43,44 The high doses used during trials SARS 
resulted in hematologic toxicity and hemolytic anemia in 
more than 60% of patients. Similar safety concerns were 
seen in MERS trial, with 40% of patients taking ribavirin 
with interferon requiring blood transfusions. 75% of 
patients experienced transaminase elevations while taking 
ribavirin for SARS. Ribavirin is a teratogen and prescribed 
as not to be used pregnancy.45,46

Remdesivir
It is a nucleoside reverse - transcriptase inhibitor that is 
worthy in clinical trial against COVID-19. It acts as an 
inhibitor of RNA-dependent RNA polymerase (RdRp)47 

and in SARS-CoV and MERS-CoV infections its pharma-
cokinetics and characteristics have been studied.48 It inhi-
bits the viral genomic replication and production by 
disturbed reading due to alteration in the function of 
viral exonuclease.49

Therefore it can suggested for COVID 19 patients to 
prevent severity of disease progression such patients are 
taken to phase 3 trials to check the therapeutic efficiency 
of remdesivir.50

Favipiravir
Favipiravir (T705) is considered as RdRp inhibitor as it is 
an analog to guanine nucleotide (a derivative of pyrazine 
carboxamide).51 Initially it was used against influenza but 
because of its large spectrum antiviral properties, it 
attracted more attention for treatment of COVID 19.52

Atazanavir
An in silico study showed that as compared to lopinavir, 
atazanavir bound more strongly to the active site of SARS- 
CoV-2 MPro and an in vitro study found that replication of 
SARS-CoV-2 inhibited by atazanavir.53

Other Antivirals
Oseltamivir is used for treatment of influenza because it 
acts as a neuraminidase inhibitor. It has no data against 
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SARS-CoV-2. Initially in China during the COVID-19 out-
break until the discovery of SARS-CoV-2 as the cause of 
COVID-19 a large proportion of patients were treated with 
oseltamivir therapy because outbreak occurred in influenza 
season.

Once influenza has been excluded this agent has no 
role in the management of COVID-19.54 Umifenovir has 
a unique mechanism of action targeting the S protein 
interaction and inhibiting membrane fusion of the viral 
envelope. This agent is approved for treatment of influenza 
in Russia and China and treatment of COVID 19 
patients started on the basis of in vitro data which shows 
its activity against SARS.

A study shows that 67 patients treated with Umifenovir 
for 9 days had a lower mortality rate and higher discharge 
rate compared with the patients who were not treated with 
this medication. This data cannot proof the efficiency of 
umifenovir, but for evaluating this agent further RCTs are 
going on in China.55.

Miscellaneous Agents
For SARS-CoV-2 interferon-α and -β have been studied, 
due to their demonstrating activity against MERS by inter-
feron-β. Some interferons are listed as an alternative for 
combination therapy by Chinese guidelines. Traditionally 
other agents are used to demonstrate in vitro activity to 
inhibit SARS-CoV-2, but not limited to baricitinib, dasati-
nib, and cyclosporine. However it should be seen whether 
it provide protection for COVID 19 patients or not.56

Nitazoxanide has in vitro antiviral activity against 
MERS and SARS-CoV-2. It is used traditionally as an 
antihelminthic agent. More studies are required to check 
the antiviral activity and immunomodulatory effects of 
this agent. For treatment option for SARS-CoV-2 nita-
zoxanide is recommended.57 In Japan camostat mesylate 
is used for treatment of pancreatitis, it prevents cell entry 
through the host serine protease, TMPRSS2. For future 
research this mechanism provides an additional drug 
target.58

The ACE2 receptor is used by SARS-CoV-2 for entry 
into the host cell. This discovery has increased questions 
about whether ACE inhibitors and/or angiotensin receptor 
blockers may efficiently treat COVID-19 or either worsen 
disease. There are some conflicts if these provide protec-
tive effect to COVID-19 patients. Further research is pend-
ing for recommending therapy for patients already taking 
one of these agents.59,60

The Need for COVID-19 Vaccines
Multiple Technology Platforms
One of the main challenges in this pandemic is to develop 
multiple technology platforms for evaluation of agents/ 
molecules against SARS-CoV-2 as this virus shows simi-
larity with various other (Figure 1) corona viruses and 
shares similar binding receptors (ACE2) in humans (host).-
61 SARS-CoV-2 has ss-RNA genome of approximately 30 
Kbp size and exhibits approximately 89% nucleotide simi-
larly to SARS-CoV found in Chinese bats.20

For SARS-CoV 2 various technologies are being 
developed such as nucleic acid, replicating viral vector 
and non-replicating viral vector. New methods based on 
nucleic acid can facilitate rapid production because they 
do not need to be fermented. Experiments are conducted to 
ensure vaccination of larger population without any reduc-
tion in efficacy but also with improved immune response 
along with low dosages.62,63

Stratagems for the COVID-19 
Vaccine
As of January 2021, more than 200 vaccine candidates for 
COVID-19 are being tested. Among these almost 52 vac-
cines are approved for human trials and many other vac-
cines are in phases I/II and will soon enter phase III trials. 
Certain national regulatory authorities have nine author-
ized COVID-19 vaccines.

Whole Virus Vaccines
It represents a classic strategy for viral vaccinations. 
Finally, a “codon deoptimization” technology to attenuate 
the viruses is employed by Codagenix64 and is testing to 
develop vaccine against SARS-CoV-2, CodaVax-COVID. 
The inherent immunogenicity and ability to stimulate toll- 
like receptors (TLRs) is a major advantage of whole virus 
vaccines. This is especially an issue for coronavirus vac-
cines, given the findings of increased infectivity following 
immunization with live or killed whole virus SARS cor-
onavirus vaccines.65

Subunit Vaccines
Subunit vaccines depend on producing immune response 
against S protein to inhibit its binding with host ACE2 
receptor.65 Immunogenic virus-like nanoparticles produced 
by Novavax are based on recombinant expression of the 
S-protein66 while subunit vaccine consisted of a trimerized 
SARS-CoV-2 S-protein is developed by Clover 
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Biopharmaceuticals by using their patented Trimer-Tag® 

technology.67

Nucleic Acid Vaccines
For development of COVID-19 vaccines several major 
biotech industries have advanced nucleic acid vaccine 
platforms. Some modifications and formulation have 
improved nucleic acid performance in humans. This 
approach may lead to the first licensed nucleic acid 
based vaccine for humans.

Challenges in COVID-19 Vaccine 
Development
Developing vaccine against the SARS-CoV-2 can cause 
distinct challenges. Various proteins of SARS-CoV-2 are 
used for developing proteins like S protein, N protein, 
M protein is the initial challenge. Developing a vaccine 
is a long process, starting from product development to the 
completion of phase III and clinical trials before marketing 
which takes several years.

Bharat Biotech Set to Develop and Test 
Vaccine for COVID-19
Vaccine against COVID-19, known as “CoroFlu” is under 
process and its development and testing is done by Bharat 
Biotech in collaboration with international virologists and 
vaccine makers. One-drop COVID-19 nasal vaccine 
named CoroFlu, it is well tolerated in human trials during 
phase I and phase II. On the backbone of FluGen’s flu 
vaccine, CoroFlu has built a candidate known as M2SR. 
M2SR induces an immune response against the flu; it is 
a self-limiting version of the influenza virus. To induce 
immunity against the coronavirus in new virus, Kawaoka’s 
lab is trying to insert the gene sequences from SARS-CoV 
-2 into M2SR.68

Zydus Cadila Launches a 
Fast-Tracked Program to Develop 
SARS-CoV-2 Vaccine
To develop a vaccine for SARS-CoV-2, Zydus Cadila, an 
innovation-driven global pharmaceutical company, 
initiated a research program along with multiple teams. 
By reverse genetics the recombinant measles virus (rMV) 
is produced. It would express codon optimised proteins of 
the SARS-CoV-2 and provide long-term neutralising anti-
bodies for protection from infection. The plasmid DNA 
vaccine, also has wide ranging capabilities in developing 

and manufacturing different vaccines for unmet needs. 
This is under supervision of the group’s Vaccine 
Technology Centre in India.69

Up for COVID-19 Vaccine Research
To develop a lead vaccine candidate for SARS-CoV-2 the 
Vaccine manufacturer Indian Immunologicals Ltd (IIL) has 
a research collaboration agreement with Australia’s Griffith 
University. As part of the cross-continental collaboration, 
using the latest codon de-optimisation technology Live 
Attenuated SARS-CoV-2 vaccine could be developed by 
scientists from IIL and the Griffith University. with a single 
dose administration this vaccine is expected to provide long 
protection with an anticipated safety profile for active 
immunization.70

Indian Institute Captivating Step 
Ladders
Serum Institute of India (SII)
Now the SII (Serum Institute of india) is preparing its mass 
production against the coronavirus, mixing out doses of the 
“Covishield” candidate vaccine which is being developed by 
the University of Oxford and the international biopharma 
company AstraZeneca. In India stage III clinical trials of 
Covishield are continuing. In the US, Brazil and South 
Africa the candidate vaccine is also being tested in various 
stages. Two million doses of the vaccine candidate has 
already produced over for use in testing by the SII. 
Recently SII announced a deal with Codagenix, US-based 
Biotech Company to help develop a vaccine candidate and it 
is expected that its trials starts by the end of 2020. Nasal 
COVID-19 vaccine candidate developed by Codagenix Inc. 
Dubbed the DX-005, manufacturing by SII has started.

After completing preclinical animal studies the corona-
virus vaccine entered phase I clinical trials in the United 
Kingdom by the end of 2020. Bharat Biotech, a private 
firm collaborated with Indian Council of Medical Research 
(ICMR) is developing Covaxin. “Covaxin has shown good 
efficacy” is said by task force scientist Dr. Rajni Kant 
ICMR-COVID-19. Bharat Biotech is approved by The 
Drugs Controller General of India (DCGI) to perform 
Phase III clinical trials of Covaxin with certain conditions.

Rejected Vaccines and Vaccination 
Hesitancy
Russia’s president Vladimir Putin endorsed approval of 
“SPUTNIK V” (COVID-19 vaccine) that has not passed 
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rigorous medical tests and could have numerous conse-
quences. The effectiveness of the vaccine in response to 
providing active acquired immunity against COVID-19 
and its possible adverse effects remain unknown. 
Therefore, the fear of vaccination in this particular case 
may be justified. However, endorsement of a potentially 
harmful vaccine will inevitably fuel public fears of other 
existing and future, properly developed, controlled and 
safe vaccines. Current level of public acceptability of 
immunization is already worrying, putting at serious risk 
the effectiveness of any future anti-SARS-CoV-2 vaccina-
tion programs, as it has been pointed out by Cornwall 2 
and the French COCONEL Group 3. Independently from 
each other these groups provide evidence that it is 
a transatlantic phenomenon. Regardless of the suggested 
correlations between vaccination hesitancy and specific 
socioeconomic factors, it is clear that anti-vaccination 
movements are increasingly influential.71 Moreover, the 
problem is internationally valid, and the rise in the number 
of adults openly hesitant about routine childhood vaccina-
tion in many Western countries justifies the concern about 
public participation once the COVID-19 vaccine is 
available.72

In terms of collective immunity, vaccination effective-
ness is based on its mass implementation; this may ser-
iously undermine the efforts to protect societies against 
COVID-19 in the near future. High levels of COVID-19 
vaccine hesitancy are reported even from countries 
severely affected by the pandemic. Only 49% of 
American respondents plan to vaccinate when the vaccine 
becomes available.73

Polish research confirms the strong COVID-19 vacci-
nation hesitancy and its international character which is 
not directly related to the level of confidence in vaccina-
tion safety in general. Results of this Polish study show 
that 28% of adults would not vaccinate against SARS-CoV 
-2 if the vaccine became available. Alarmingly, a majority 
(51%) of the reluctant respondents indicated that their 
minds would not be changed if given information regard-
ing vaccine safety or efficacy, or if threatened with heavy 
fines. Significantly fewer respondents (37%) supported 
COVID-19 vaccinations specifically than supported child-
hood vaccinations in Poland in general (78% in 2018).74 

The vaccine hesitancy for the anticipated COVID-19 vac-
cine varied from very low (2–6% China) to very high 
(43%, Czechia, and 44%, Turkey). Surprisingly, the level 
of unwillingness to vaccinate against COVID-19 is in most 
countries much higher than regular vaccination reluctance, 

which varies between 3% (Egypt) and 55% (Russia). Such 
high levels of vaccination hesitancy may be detrimental to 
public health. According to current estimates, the benefits 
of herd immunity are achievable if 67% of the population 
is vaccinated.75,76

The most effective vaccination programs in the past 
effectively eradicated certain deadly diseases, such as 
smallpox which was achieved by combining the manda-
tory preventive vaccination programs with coordinated 
education efforts.77 Coronaviruses mortality rate is the 
highest among elders and people with comorbidities or 
conditions that affect their immune system. Some occupa-
tions have been identified as being the riskiest in terms of 
contracting COVID-19 such as health-care workers (dental 
hygienists, family practitioners, and nurses), transportation 
personnel (flying attendants, and school bus drivers), kin-
dergarten, school teachers, fire fighters and restaurant 
personnel.78 Highest risk of death and highest risk of 
contraction should constitute the main criteria for manda-
tory vaccination. Mandatory vaccination will definitely 
trigger massive opposition especially bearing in mind the 
massive protests against social distancing measures and 
face masks. Focusing at the beginning only on some 
groups with transparent justification may help weaken 
the opposition to it.79

The high share of the population unwilling to vaccinate 
along with the number of people who are unable to receive 
the COVID-19 vaccine due to certain medical reasons 
suggests herd immunity may be out of reach. Information 
about the high death tolls and hospital overflows from the 
COVID-19 pandemic has recently flooded onto online 
media, but has apparently not convinced much of the 
world’s population to plan to be vaccinated. If the disturb-
ing images being streamed live on social media cannot 
convince a fair share of the population to protect them-
selves from lethal risk, then educational or social cam-
paigns may be limited in their effect. Educational efforts 
would be further undermined by the lack of trust in public 
authority figures, which fuels conspiracy theories and vali-
dates medical fake news. In this focused review we have 
discussed the challenges and opportunities faced during 
the management of COVID-19 in India.

Challenges Faced by Health Care 
Workers (HCWs)
Health-care systems across developed and developing 
nations are under tremendous pressure. The majority of 
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this responsibility is being shouldered by frontline health- 
care workers to limit the spread of the novel coronavirus. 
They put their lives on the line in order to do so. Here we 
highlight some challenges faced by frontline HCW and 
propose certain recommendations to reduce the burden.

The exposure to the virus causes severe illness and 
mortality to a significant extent and also leads to physical 
and psychological exhaustion. This pandemic leads to 
health departments calling retired and experienced medical 
staff and clinical scientist back to work. Deficient supplies 
of personal protective equipment (PPEs) and other vital 
necessities is reported in various news channels all over 
the world. Majorly WHCs are affected and they are work-
ing in the emergency, they need PPEs and other vital 
necessities most.

In this pandemic, battling endless hours, staff shortages 
and deficient supplies, most are isolated from their 
families, affecting them physically, mentally, and emotion-
ally, which will increase the morbidity and ill health.80 

These mental health problems will not only affect decision 
making ability, judgement and attention of HCWs, but also 
affect the understanding the disease and have a long- 
lasting impact on their overall well-being.80

A few recommendations are proposed which are listed 
from all the information received around this issue.

Health Check-Up of Frontline Health 
Care Staff as a Priority
Health-care staff/HCWs are also the most important 
resource as hospitals, equipments and PPEs in this pan-
demic situation. Post Traumatic Stress Disorder is reported 
in many health-care workers who have no time to protect 
themselves as well as their families. If any staff gets 
infected then they should be quarantined themselves, 
which leads to a shortage of staff and then healthy workers 
are stretched further for endless duties with lack of sleep 
and anxiety. For frontline health workers testing kits must 
be prioritized, as well as for weak communities (senior 
citizens) more susceptible to the virus and those who have 
many pre-existing diseases.81,82

Providing PPEs to All Frontline Workers
Health-care workers face a high risk of getting infected as 
they take care of patients who are already infected. 
Protective clothing, sufficient hand sanitizers, washing para-
phernalia and head covers are essential commodities which 
have to be provided to them in sufficient amount. Along 

with providing PPEs in adequate amount, its disposal meth-
odology is also an important step across all the clinical areas 
since it can be one of the reasons of spreading infection.31

Self-Isolation, Social Isolation and 
Quarantine
These are key phrases which provide the adequate time for 
the systems to gather resources and capacity to help in 
breaking the chain of transmission. The virus infects expo-
nentially which is very clear and many will contract it very 
soon. State should provide premises to serve as isolation 
ward and quarantine spaces. All hospitals should use their 
full area to create control committees to monitor activities 
to ensure protocols are implemented for effective control. 
The loop has to be complete, involving community sys-
tems, governments and primary health-care workers are 
key, since not everyone will report to hospitals, if commu-
nity transmission will be rampant.

Utilisation of Training, Knowledge and 
Protocols to Follow
The comfort and willingness in working for a health sys-
tem which has an effective plan, magnifies many times in 
a pandemic. Protocols in local languages for better under-
standing and awareness material based on science research 
have been useful. Offering free transport service between 
work and home, childcare support and meal vouchers can 
reduce domestic stress and allow single-minded effort 
towards the health service.83

General Achievements Arrived 
During Fight Against COVID 19 
Pandemic
Apart from the various negative effect imposed by the pan-
demic, positive vibes of it cannot be neglected. The pandemic 
situation significantly improves air quality in different cities 
across the country, reduces GHGs emission, lessens water 
pollution and noise, and reduces the pressure on the tourist 
destinations, which may assist with the restoration of the 
ecological systems.84 These changes may be short term but 
are important for maintenance of environmental balance. 
Apart from this, various successful models like that of 
Dharavi and Kerala model were implemented which restricted 
the cases to a minimum through observing the spread in the 
localities, studying the prototype of spread, and strict use of 
methods to control the disease in Kerala. Dharavi restricted 
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the coronavirus cases with a strategy of attack not defence and 
elucidated triumphant results in 2 months.85

COVID 19 Vaccine Update
There are more than 56 COVID-19 candidate vaccines in 
clinical evaluation of which 13 are in phase III trials and 
another 166 candidate vaccines are in preclinical evalua-
tion (Table 1). All top candidate vaccines will be delivered 
through intra-muscular injection and are designed for 
a two-dose schedule.86 More recently our group has sug-
gested the combinatorial use of childhood vaccines (BCG, 
MMR and OPV) along with the COVID-19 dedicated 
vaccines could be a potential strategy to control the 
COVID-19 pandemic worldwide.87

Latest Update on 2nd Wave of 
COVID-19
Strain B.1.1.7 was first detected in the United States in 
December 2020 followed by B.1.351, in South Africa P.1, 
in Brazil and Japan, B.1.427 and B.1.429. These two var-
iants were first identified in California in February 2021. 
COVID-19 variant from India is B.1.617; one of the lineages 

is B.1.617.2, which has been detected most frequently in the 
US and the U.K.88 Recently the “black fungus” is now 
maiming COVID-19 patients in India. Mucormycosis is an 
invasive infection caused by a class of molds called mucor-
mycetes. It has an overall mortality rate of 50%, and may be 
being triggered by the use of unhygienic oxygen cylinders 
and steroids, a life-saving treatment for severe and critically 
ill COVID-19 patients.89

Conclusion
In this review, we have been discussed the stories related 
to prevention strategies, chemotherapeutics and vaccines 
strategies to manage COVID-19. Apart from that we have 
discussed the challenges faced by HCWs and their preven-
tion. Combating COVID-19 is still a challenge also due to 
the poorly-based counsel for using an experimental amal-
gamation of antimalarials and antimicrobials as treatment; 
the use of steroids; and antihypertensive drugs during the 
course of the disease. Interruption of the transmission of 
SARS-CoV-2 through engineered vaccines is top in the 
priority followed by the intense research to find out the 
potential treatment to control this viral infection.

Table 1 Prospective Therapeutic Representative Against COVID-19 Disease

Candidate Vaccines in Phase III Clinical 
Evaluation

Antivirals Antibiotics Laboratory Anomalies 
During COVID 19 Stages

Sinovac Lopinavir– 

Ritonavir (Lpv- 
Rtv)

Azithromycin Crp

Astra Zeneca Remdesivir (Rdv) Teicoplanin Decreased Albumin

Wuhan Institute Of Biological Products/Sinopharm Favipiravir (Fpv) Doxycycline Increased Lactate Dehydrogenase

Bharat Biotech Arbidol (Arb) Immune Modulators Alanine Aminotransferase

Cansino Biological Inc./Beijing Institute Of Biotechnology Ribavirin Baricitinib Aspartate Aminotransferase

Gamaleya Research Institute Chloroquine Corticosteroids (Css) In Bilirubin

Janssen Pharmaceutical Companies Hydroxy 

Chloroquine

Cytokine-Targeted 
Monoclonal Antibodies

Creatinine

Novavax Saquinavir Jak Inhibitors Cardiac Troponin

Anhui Zhifei Longcom Biopharma/ Institute Of 
Microbiology, Chinese Academy Of Sciences

Nelfinavir Biologically Active 
Polysaccharides

D-Dimer

Moderna/Niaid Carfilzomib Phytotherapeuticals Procalcitonin,

Biontech/Fosun Pharma/Pfizer Zanamivir Synthetic 
Immunomodulators

Medicago Inc. Ivermectin
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