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Many cases of respiratory illness started
appearing in the month of December, 2019
in Hubei Province, China [1]. The
microorganism responsible for this illness

was subsequently discovered as coronavirus, and later
categorized as genetically related to coronavirus (SARS-
CoV) that was responsible for the severe acute
respiratory syndrome (SARS) which occurred in 2003.
This new virus was named as Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) and the disease
was designated as Coronavirus disease 2019 (COVID-19)
by World Health Organization (WHO) [2,3].

Structural analyses have shown that this novel virus
uses host cell receptor known as Angiotensin-
Converting Enzyme-2 for its binding [4]. Transmission
dynamics confirmed that reproductive number (R0, which
signifies the number of people who can get infected from
one contagious person) of SARS-CoV-2 can be in the
range of 2–3, and thus has the potential to spread rapidly
[5]. Based on the clinical and epidemiological data from
the Chinese health authorities, clinical manifestations of
the disease by severity have shown that mild cases occur
in 81% of cases, severe disease is seen in 14% of cases
and critical disease has occurred in 5% of cases [6].
Considering the infectivity and the severity of COVID-19,
vaccines and therapeutics to tackle this deadly disease
are the greatest need of the hour.

CAN WE PREDICT THE NEXT PANDEMIC?

Global pandemic is a major public health concern. Modern

means of travel and the volume of travel make it easier for
any virus to rapidly spread across the world. Pandemic is
a once-in-a-lifetime low-probability event but a high-cost
problem that should not be ignored. The next pandemic
was anticipated to be a more virulent form of influenza but
the world is currently in the midst of a novel coronavirus
pandemic.

Though Middle East Respiratory Syndrome (MERS)
and SARS were featured in the WHO’s list of critical
infectious diseases in 2018, it was not anticipated to
cause a global disease within a short span of time [7].
Such is the unpredictability of a global pandemic that the
world is currently facing.

THE NEED FOR A COVID-19 VACCINE

As the infectivity of the SARS-CoV-2 virus is very high
compared to other corona viruses reported so far, an
effective vaccine is the best way to contain the rapidly
escalating proliferation of this infection. Although the
mortality rate is lower compared to other similar viral
respiratory diseases such as Middle East Respiratory
Syndrome Coronavirus (MERS-CoV), the magnitude of
the infection caused by SARS-CoV-2 is severe and
higher, to a large extent, leading to increased number of
deaths worldwide.

SARS-CoV-2 infection has the potential to become a
seasonal disease like influenza and persist with humanity
in the future [8]. An effective vaccine can help in reducing
the rate of infection, and can significantly reduce the
morbidity and mortality of COVID-19. Vaccine can also
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decrease the probability of resurgence of the disease and
its future impact. The implementation of an effective
vaccination is the only way to moderate the economic
burden of this unprecedented pandemic.

SPEEDING-UP VACCINE DEVELOPMENT DURING
PANDEMIC

There is an urgent need to expedite the development of
COVID-19 vaccine. The vaccine industry was able to
develop H1N1 vaccine fairly rapidly because the
technology and regulations were already in place to
develop influenza vaccine. Global experiences with
influenza vaccines have outlined the urgency for investing
in modern technologies for faster vaccine development as
well as increasing the scale of production. Customizing
these technologies to various other viruses can speed up
vaccine development during a pandemic.

Organizations such as Coalition for Epidemic
Preparedness Innovation (CEPI), an innovative global
partnership between public and private organizations are
striving to quicken vaccine development for various
potential and critical diseases, as well as facilitate uniform
availability of these life-saving vaccines. CEPI aims to
develop vaccines for various pathogens till phase 2a
stage, which can be expedited to full-scale development
during future outbreaks [9].

CEPI and the World Bank organized a conference on
the three main imperatives for COVID-19 vaccine effort:
speed, manufacture and deployment at scale, and global
access, which has ultimately led to the formulation of
COVID-19 Vaccine Development Taskforce [10].

Multiple Technology Platforms Under Evaluation

The wide ranges of technologies that are being
developed for SARS-CoV-2 include nucleic acids, protein
subunit, replicating viral vector, non-replicating viral
vector, and inactivated virus approaches. Newer
approaches based on nucleic acids such as DNA or
mRNA can facilitate potentially rapid production, as they
do not need fermentation [9]. For some platforms,
adjuvants could improve the immune responses with
lower doses thus ensuring vaccination of larger
populations without any reduction in efficacy [11].
Currently, several platforms are being developed and the
list of SARS-CoV-2 vaccine candidates in development is
given in Web Table 1.

CHALLENGES IN COVID-19 VACCINE
DEVELOPMENT

The development of a vaccine for SARS-CoV-2 can cause
distinct challenges.

• Developing a viable immunogen using the various
proteins of SARS-CoV-2 such as S protein, N protein,
M protein is the initial challenge.

• Development of successful animal model for COVID-
19 may be challenging although two animal models;
one hACE2 transgenic mice model and another,
primate macaques model have been successfully
developed. This may be due to the highly infectious
and pathogenic nature of the virus [12].

• Vaccine development is a lengthy process, starting
from product development to the competition of the
phase III clinical trial before marketing the vaccine,
which can take several years, usually 10 to 20 years.

• Preclinical experience with other SARS vaccine
candidates has created red flags about worsening of
the disease, which may be attributed to antibody-
dependent enhancement.

• Correlates of protection are not known.

• Planning and coordinating clinical trials in these
emergency-like situations can be difficult, both for
predicting the trial sites for outbreak as well as
ensuring the site’s preparedness.

• In a high-mortality situation such as COVID-19
pandemic, regulators may not accept conventionally
designed clinical trials such as comparison with a
placebo arm.

• Viral mutation may lead to different subtypes thus
causing difficulty in vaccine design.

• Vaccines are generally manufactured using Good
Manufacturing Practices (GMP) to ensure that
quality is controlled and consistency is maintained.
For many vaccine candidates in the current pipeline
for SARS-CoV-2, these GMP processes need to be
developed, which can be time consuming.

• For vaccines that will be developed with novel
technologies, GMP needs to be developed from the
beginning, thus adding to the financial burden and
delaying the production of vaccines.

• Issues related to vaccine ownership, funding, pricing
and supply chain, and the coordinated administration
strategy can pose significant barriers.

Role of Regulatory Bodies

The traditional vaccine development process follows
various phases such as product development, pre-
clinical, clinical trial phases (phase I, II, and III) before the
vaccine gets regulatory approval for marketing although
phase IV and post-marketing surveillance studies are
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conducted after marketing the product. This traditional
approach is time consuming and not feasible to follow
during the pandemic.

Keeping greater benefit of the vaccine for the societal
need, vaccine development using pandemic approach will
be the best approach for rapid development of vaccines
as shown in Fig. 1. This type of innovative approach can
save the time spent in pre-clinical and clinical trial phases.
The regulators should consider this approach for faster
approval of vaccines.

Funding for Vaccine Development During
Pandemics

Vaccine development during a pandemic should be
considered as a global health emergency and not as any
specific disease related issue, which is a prerogative of
vaccine manufacturers. Public funding for vaccine
development should be the top priority as any vaccine
development, particularly during a pandemic can be a
very risky investment, and public funding can reduce
the potential risk for vaccine manufacturers, especially in
the low and middle income countries.

Pioneering finance mechanisms such as the
International Finance Facility for Immunization (IFFIm)
that have been successful in the past should be used to
fund the development of COVID-19 vaccines [10]. Global
Alliance for Vaccines and Immunizations (GAVI) board
members also expressed support for the use of GAVI’s
innovative financing instruments, such as its IFFIm and
GAVI’s Advance Market Commitment to accelerate

vaccine development and access where needed [13].

There should be a global consensus and urgency for
the development of a pandemic vaccine, at both national
and international level to ensure that the vaccines are
available and affordable to those who need them the most
[14].

Challenges After the Vaccine is Developed

• For novel platform technologies, large-scale
manufacturing can pose a significant financial risk as
these facilities necessitate huge investments.

• High-income countries can procure large doses of
vaccine for their own population, creating disparities in
the global supply and demand.

• High risk populations should be identified through
epidemiological and serological studies and vaccine
delivery should be prioritized. This can halt the spread
of the disease.

• As SARS-CoV-2 is a newer disease without adequate
exposure in the population, any new vaccine may
probably necessitate more than one dose of the
vaccine and protective immunity is usually achieved
after the second dose. Massive effort will be needed to
ensure vaccine distribution and administration.

• There can be a scenario, albeit low-probability, where
the pandemic threat has been abruptly curtailed. In
such cases, vaccine development should be
continued for potential vaccine candidates to restrict
future threats.

Fig. 1 Traditional approach vs. pandemic approach of vaccine development.
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FUTURE OUTLOOK
The global vaccine development efforts for COVID-19
pandemic are unparalleled. In the current scenario, there
is an indication that vaccine could be available as early as
2021. This would be an extraordinary shift from the usual
vaccine development timeframe which can range between
10-20 years. A new virus target and newer technologies
can multiply the vaccine development risks, and dictates
meticulous evaluation of safety and efficacy at every
stage of vaccine development.

Robust coordination between vaccine manufacturers,
regulatory authorities, public health authorities and
governments is essential to make sure that potential
vaccine candidates are fast-tracked for approval,
manufactured and distributed seamlessly, particularly for
low-income countries.

Considering the economic impact that COVID-19 has
already caused in the initial 3-4 months of this global
calamity, it is worthwhile to start investing in vaccines
against emerging viruses, including neglected diseases,
which can potentially cause significant human deaths
and also impact the global economy. Global pandemics
are inevitable. There should be strategically prepared
protocols and emergency plans to develop vaccines in
months rather than years. Lessons learned in managing
the COVID-19 pandemic should pave the way for creating
better roadmaps to face the next pandemic.
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WebTable I List of SARS-CoV-2 Vaccine Candidates Under Development

Type of candidate vaccine Developer

Platform: DNA
DNA with electroporation Karolinska Institute/ Cobra Biologics (OPENCORONAProject)
DNA plasmid vaccine Osaka University/ AnGes/ Takara Bio
DNA Takis/Applied DNA Sciences/Evvivax
Plasmid DNA, Needle- Free Delivery Immunomic Therapeutics, Inc./EpiVax, Inc./PharmaJet, Inc.
DNA plasmid vaccine Inovio Pharmaceuticals/Beijing AdvaccineBiotechnology
DNA plasmid vaccine ZydusCadila
Platform: Inactivated
Inactivated + alum Sinovac
Inactivated Beijing Institute of Biological Products/Wuhan Institute of

Biological Products
TBD Osaka University/ BIKEN/ NIBIOHN
Rabies vector platform ThomasJeffersonUniversity/BharatBiotech
Platform: M2SR
CoroFlu, self-limiting infuenza virus University of Wisconsin-Madison/ FluGen/ Bharat Biotech
Platform: Non- replicating viral vector
ChAdOx1 University of Oxford
MVA encoded VLP GeoVax/BravoVax
Ad26 (alone or with MVA boost) Janssen Pharmaceutical Companies
MVA-S encoded DZIF – German Center for Infection Research
Adenovirus- based NasoVAX expressing SARS2-CoV Altimmune

spike protein
Ad5 S (Grevax platform) Greffex
Oral Vaccine platform Vaxart
MVA expressing structural proteins Centro Nacional Biotecnología (CNB-CSIC), Spain
Platform: Live attenuated virus
Deoptimized live attenuated vaccines Codagenix/Serum Institute of India
Measles Virus (S, N targets) DZIF – German Center for Infection Research
Platform: Protein subunit
Drosophila S2 insect cell expression system VLPs ExpreS2ion
Peptide antigens formulated in lipid nanoparticle formulation IMV Inc
S protein + Adjuvant WRAIR/USAMRIID
S protein National Institute of Infectious Disease, Japan
VLP-recombinant protein+ Adjuvant Osaka University/ BIKEN/ National Institutes of Biomedical

Innovation, Japan
Native like Trimeric subunit Spike Protein vaccine Clover Biopharmaceuticals Inc./GSK/Dynavax
Microneedle arrays S1 subunit Univ. of Pittsburgh
Peptide Vaxil Bio
Adjuvanted protein subunit (RBD) Biological E Ltd
Peptide Flow Pharma Inc
S protein AJ Vaccines
Ii-Key peptide Generex/EpiVax
S protein EpiVax/Univ. of Georgia

Contd....
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S protein (baculovirusproduction) Sanofi Pasteur
VLP-recombinant protein nanoparticle vaccine + Matrix M Novavax
gp-96 backbone Heat Biologics/Univ. of Miami
Molecular clamp stabilized Spike protein University of Queensland/GSK/Dynavax
S1 or RBD Protein Baylor College of Medicine
Subunit protein, plant produced iBio/CC-Pharming
Recombinant protein, nanoparticles (based on S- protein Saint-Petersburg scientifc research institute of vaccines and serums

and other epitopes)
COVID-19 XWG-03truncated S (spike) proteins Innovax/Xiamen Univ./GSK
Adjuvanted microsphere peptide VIDO-InterVac, University of Saskatchewan
Synthetic Long Peptide Vaccine candidate for Sand M proteins OncoGen
Platform: Replicating viral vector
Measles vector Zydus Cadila
Measles vector Institute Pasteur/Themis/Univ. of Pittsburg Center for Vaccine

Research
Horsepox vector expressing S protein Tonix Pharma/Southern Research
Live viral vectored vaccine based on attenuated

influenza virus backbone (intranasal) BiOCAD and IEM
Influenza vector expressing RBD University of Hong Kong
VSV vector expressing S protein IAVI/Batavia
Platform: RNA
LNP-encapsulated mRNA cocktail encoding VLP,and Fudan University/ShanghaiJiaoTongUniversity/RNA Cure
LNP-encapsulated mRNA encoding RBD Biopharma
Replicating Defective SARS- CoV-2 derivedRNAs Centro Nacional Biotecnología (CNB-CSIC), Spain
LNP-encapsulated mRNA University of Tokyo/ Daiichi -Sankyo
Liposome- encapsulated mRNA BIOCAD
mRNA China CDC/Tongji University/Stermina
mRNA Arcturus/Duke-NUSB College London
mRNA Curevac
Platform: Virus-like particle (VLP)
Based on RBD displayed onVLPs Saiba GmbH
Plant-derived VLP Medicago Inc.
ADDomermultiepitope display Imophoron Ltd and Bristol University’s Max Planck Centre
Platform: Unknown
Unknown ReiThera
Unknown BioNet Asia
Unknown ImmunoPrecise
Unknown MIGAL Galilee Research Institute
Unknown Doherty Institute
Unknown Tulane University
Unknown SK Biosciences
Unknown Vir Biotechnology/GSK
Unknown Precision Vaccines Program at Boston Children’s Hospital
Unknown Kentucky BioProcessing (British AmericanTobacco)

WebTable I continued

Type of candidate vaccine Developer




