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Quick Response Code:

The quest continues for perfect COVID-19 vaccine

Editorial

Eradication of smallpox, near elimination of 
poliomyelitis and neonatal tetanus and substantial 
reduction in impact of measles are ranked amongst 
the greatest achievements of humankind ever. These 
triumphs are the outcomes of the availability and 
concerted  use  of  potent,  safe  and  affordable  specific 
vaccines. In addition, protecting against 20 infectious 
diseases, the vaccines prevent 2-3 million deaths 
annually1.

Apart from natural infections, vaccines are 
considered as the safest and cost-effective intervention 
to induce protection against COVID-19. Will the 
vaccines currently undergoing clinical trials be able to 
achieve this critical milestone is not evident as of today. 
The entire world is looking forward to COVID-19 
vaccine to bring a rapid end to the pandemic. The 
unprecedented global quest for COVID-19 vaccine 
is aimed at achieving what other public health 
interventions have not been able to accomplish till date 
to vanquish the pandemic. Vaccine is being touted as 
the most potent weapon to induce immunity - adequate 
in its immunogenicity and safety to cut short the virus 
transmission. The vaccine is primarily aimed to protect 
individuals and creating a pool of immune people that 
comprises 60-70 per cent of entire population2,3, thus 
inducing herd immunity.

Immunology and selection of antigen for 
COVID-19 vaccine

SARS-CoV-2 is a novel virus. The viral determinants 
that need to be attacked to confer immunity remain 
undefined. While there are favourable precedents from 
other respiratory viruses including coronaviruses4, 
there are apprehensions that vaccination may mimic 
rapidly declining natural immunity to SARS-CoV-2.

The antigen of choice for COVID-19 vaccine 
has been the SARS-CoV-2 spike protein, a type 1 
protein that is metastable and should have correct 

folding during the vaccine production and storage 
before deployment5,6. The neutralizing antibodies to be 
generated by natural infection or through vaccination 
act against the receptor-binding protein component 
that binds onto angiotensin-converting enzyme 2 and 
obstructs the entry of the virus into the cell. Initial 
evidence that only receptor-binding protein should be 
incorporated in the vaccine is being revisited with the 
knowledge that there are several areas outside receptor 
binding domain (RBD) that can be the potential targets 
for neutralizing antibody7.

Neutralizing antibodies are likely to produce 
vaccine-induced protection. However, as with some 
other coronaviruses, the immune response may have 
short-lasting immunity not exceeding one year8. In 
most instances, vaccines inducing T-cell response 
confer protection. T-cell-mediated immune responses 
through CD4+ and CD8+ provide broad and long- 
term protection against coronavirus infections. CD4+ 
T-cells activate B-cells which lead to the production of 
virus-specific antibody. CD8+ T-cells being cytotoxic, 
kill cells that have been invaded by the virus. In patients 
with COVID-19, T cytopenia has been observed in 
circulating CD4+ and CD8+ T-cells9-11. SARS-CoV-2-
specific  T-cells  have  been  found  in  asymptomatic 
individuals or those with mild symptoms. Patients 
suffering  from  COVID-19  had  fewer  T-cells  than 
healthy controls12.

Vaccine platforms

Perhaps never in the history of combating 
infectious diseases, so many vaccine candidates 
were in varying stages of development as are for 
the COVID-19 pandemic. Several new and diverse 
technology platforms are in use to expedite vaccine 
development13. In its description of the global 
landscape of COVID-19 vaccines, the WHO reports 
over 163 vaccines in pre-clinical evaluation and 52 in 
clinical evaluation as of  December 2, 202014. Broadly, 
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these vaccines can be categorized into five main types. 
These include: replicating and non-replicating viral 
vector-based vaccines, whole virus-based (inactivated 
or attenuated), nucleic acid-based (DNA and RNA), 
recombinant protein, peptide-based vaccines and virus-
like particles15,16 (Table I ).

Live attenuated vaccines closely resemble 
natural infection but have the potential of reverting 
to pathogenicity and causing disease among young 
and immunocompromised individuals17. Currently, no 
COVID-19 live attenuated vaccine is in clinical trial 
phase.

Inactivated  vaccines  have  proven  efficacy  for 
several diseases and their productions can be easily 
scaled up. The modern vaccine manufacturing units 
provide appropriate biosafe environment for bulk 
production of inactivated vaccine. One of the Indian 
manufacturers (Bharat Biotech in collaboration with 
the  ICMR-National Institute of Virology) is currently 
moving forward with clinical trial for this category of 
vaccine18.

Nucleic acid (DNA or RNA) vaccines have low 
cost of production in large volumes. Once taken up 
by the cells, these vaccines express the antigens that 
have been encoded in the nucleic acid. Currently, more 
than 10 platforms are being used to develop nucleic 
acid vaccines. Successful outcome shall herald a new 
era in vaccine technology, especially in pandemics 
when vaccines need to be designed, developed 
and disseminated swiftly15,19. Many leading global 
(Moderna Inc.) and Indian companies (Zydus Cadila) 

are currently engaged in clinical trials on nucleic acid 
vaccines20.

Recombinant protein vaccines have a targeted 
approach towards a key antigen but warrant correct 
conformation of the protein15. The University of Oxford, 
in collaboration with private sector, has developed a 
chimpanzee adenovirus vaccine vector expressing the 
wild type S protein (ChAdOx1 nCoV-19, also known 
as AZD1222)21. Clinical trial on this vaccine is ongoing 
at multiple sites including in India. 

Only one adenoviral vector-based vaccine has 
been approved by the Russian regulatory authorities22. 
Yet, global community awaits data from Phase 3 
clinical trial to assure itself of the safety and efficacy 
of the Russian vaccine. Phase 3 clinical trial of Russian 
vaccine (Sputnik V) in India is under the approval 
process of the national regulatory authority23. Vaccine 
developed  and  manufactured  by  Pfizer  has  been 
licensed for use in the United Kingdom, United States 
of America, Canada and Bahrain24. 

Potential risks associated with vaccines

An undetermined risk of COVID-19 vaccine 
causing disease enhancement or an acute autoimmune 
disease through a T-cell-mediated damage or adverse 
effect due to antibody is yet to be explored. Vaccines 
for  many  other  diseases  including  influenza  and 
measles have been associated with such unwanted 
and damaging events25. Such events may be detected 
through post-marketing surveillance of COVID-19 
vaccine. It is essential to generate reliable data on 

Table I. Overview of soon-to-be-available COVID-19 vaccines
Platform Manufacturer/Supplier Route of administration Doses Cold chain requirement (oC)
Inactivated Bharat Biotech (Whole virion) 

Sinovac
IM 2 2-8

Viral vector 
Adenovirus

Oxford/Astra Zeneca/SII 
Gamaleya Research Institute/
Dr Reddy’s Laboratory, India

IM 2 2-8

Protein Subunit 
(recombinant)

Novavax 
GSK/Sanofi 
Biological E, India

IM 2 2-8

mRNA Moderna 
Pfizer

IM 2 -20 
at 2-8 × 30 days 

-70 
at 2-8 × 5 days

Live attenuated virus Codagenix/SII Inhalation 1, 2 2-8
DNA Zydus Cadilla, India Intradermal 2-8
IM, intramuscular; SII, serum Institute of India. Source: Ref. 24
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long-term  safety of  vaccines  to  inspire  confidence  in 
communities and their acceptance of vaccines.

Repurposed vaccines for COVID-19

In  the  absence of  the  specific  immunizing agent, 
several other vaccines have been under investigation 
with the hypothesis that these vaccines may modify 
the response of the immune system of vaccines and 
enhance cytokine production to provide protection 
against COVID-19. These include BCG26, oral polio 
vaccine (OPV)27 and MMR (measles, mumps, and 
rubella)28. For BCG vaccine alone, three multicentric 
randomized controlled trials are ongoing in three 
different countries29. A measles vaccine trial to evaluate 
its protection against COVID-19 is underway in 
Egypt30, and the USA is assessing the efficacy of OPV 
against SARS-CoV-231.

Production and deployment of vaccine

The world is estimated to need around 16 billion 
doses of vaccine in immediate future. It is a huge 
challenge to meet this global requirement in a short 
period. Fortunately, many national and intercountry 
agencies  are  providing  substantial  financial  and 
technical support to vaccine manufacturers to build 
up their capacity. Development of vaccines is an 
expensive proposition. A dengue vaccine had cost 
around US$ 1.5 billion32. Cost of investment in vaccine 
is miniscule as compared to the losses caused by the 
pandemic.

Many countries and organizations are supporting 
timely development and production of adequate 
quantities of vaccines and their access across the 
world. The Coalition for Epidemic Preparedness 
Innovations (CEPI) is supporting nine COVID-19 
vaccine candidates33. Operation Warp Speed in the 
USA34 is supporting six candidate vaccines. Great 
Britain has allocated £250 million for development of 
a COVID-19 vaccine and also established a vaccine 
task force35 to support national development, discovery 
and approval of vaccines. GAVI (Global Alliance for 
Vaccines and Immunization) alliance and Bill and 
Melinda Gates Foundation have provided US$ 300 
million to Serum Institute of India for producing 200 
million doses of COVID-19 vaccine, half of which 
have been earmarked for the low- and the middle-
income countries36.

To facilitate and improve global access to 
COVID-19 vaccines, the WHO has hosted a global 
collaboration – Access to COVID-19 Tools (ACT) 

Accelerator. It comprises the Bill and Melinda 
Gates Foundation, CEPI, Foundation for Innovative 
Diagnostics (FIND), GAVI Alliance. The Global Fund, 
Unitaid, Wellcome Trust, the WHO and the World 
Bank37. Within the ACT Accelerator is a vaccine pillar 
(COVAX) which is co-led by Gavi Alliance, CEPI,  
WHO and many other partners. This COVAX Facility 
has been set up to work with countries and vaccine 
manufacturers to develop, manufacture and ensure 
access to vaccine. The Facility provides governments 
with  the  opportunity  to  have  access  to  and  benefit 
from a large portfolio of COVID-19 vaccines. 
The goal of COVAX is to mobilize and deliver by 
2021 at least two billion doses of quality-approved 
vaccines38. Negotiations with vaccine manufacturers 
for bulk purchase shall result in an affordable cost. It is 
proposed to distribute these vaccines for priority use by 
the high-risk populations (viz. healthcare and frontline 
workers), followed by for vaccinating up to 20 per cent 
of population as per national priority. Additional doses, 
if available, shall be made accessible to countries based 
on their needs and disease epidemiology39.

Challenges

Development of and access to a vaccine against 
COVID-19 shall be a remarkable milestone but not the 
panacea to eliminate or contain the pandemic in short 
period. Challenges are numerous (Table II). These 
are financial,  technical,  logistical,  social and strength 
of existing health system in developing countries 
to address the issue of universal mass vaccination, 
especially with limited experience in managing 
vaccination of adult population. Health authorities will 
have to decide that with initially limited availability 
of vaccine which category of people becomes priority 
population on the basis of risk assessment. They will 
have to consider the social and political ramifications 
of such decisions.

Logistics shall be a key consideration with all its 
complexities in reaching out to the entire population 
through an efficient deployment of the vaccine with a 
functional cold chain from production-to-vaccination 
journey. 

The  clinical  trials  are  conducted  in  defined  adult 
populations. The vulnerable populations are excluded 
from these. Since COVID-19 immunization is targeted for 
entire global population, it shall require prior evidence of 
efficacy and safety in several subpopulations, especially 
the elderly, pregnant women, children below 18 yr of age 
and those who are immunocompromised or living with  
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co-morbidities. Role of vaccine in protecting the 
elderly with or without co-morbidities (>60 yr of 
age) and inducing immunity in children in whom 
this coronavirus has the potential to cause paediatric 
inflammatory  multisystem  syndrome  needs  to  be 
explored on priority through the generation of 
unequivocal  scientific  evidence39. Will the national 
and international regulatory bodies consider the impact 
of vaccines on these subpopulations which have not 
been evaluated in clinical trials or the licensure shall 
be restricted to adult and healthy population only or a 
universal immunization will be permitted, shall be a 
challenge for the regulatory bodies.

Basic technical issues that require unequivocal 
evidence-based responses include definition of the ideal 
protection, type and duration of immunity to reduce 
the disease, associated risk of disease potentiation and 
superiority of vaccination over the natural infection. 
The scientific community needs to accelerate efforts to 
produce evidence-based solutions for these issues.

Conclusions

Unprecedented and globally coordinated research 
and efforts are likely to result in availability of some, 
if not several, vaccines against COVID-19 in the next 
few months. The challenge would be to ensure their 
optimal and cost-effective use.

Despite support from international community, 
the cost of procurement of vaccine and its deployment 
for every citizen may be exorbitant for most of the 

developing  countries. While  an  affordable  vaccine  is 
the need of the hour, high production and administration 
cost should force countries to innovate, prioritize 
and think out of the box to make the best use of this 
intervention with the sole objective to immediately 
eliminate the pandemic.

Earliest availability of COVID-19 vaccine is 
projected to be late 2020 to mid-2021. However, it may 
take several months before global demand as well as 
safety,  immunogenicity and efficacy criteria  are  fully 
met. This emphasizes the need for strong advocacy 
and sustained implementation of proven public 
health preventive strategies including wearing masks, 
maintaining adequate social distance and isolation of 
infectious individuals leading to swift containment of 
outbreaks16.
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