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Abstract: Vaccine development platform technologies that can produce a wide
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promise against infectious diseases and several types of cancer in the last two
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INTRODUCTION To assess the risk and feasibility of the four
To stop the spread of future epidemics and emerging platforms, the following six metrics are

meet infant vaccination demands in low- and applied:

middle-income countries, flexible, rapid and low- 1) Technology readiness

cost vaccine development and manufacturing 2) Technological complexity

technologies are required. 3) Ease of scale-up

4) Flexibility for the manufacturing of a wide

Vaccine development platform technologies that can range of vaccines

produce a wide range of vaccines are emerging, 5) Thermostability of the vaccine product at
including: tropical ambient temperatures
a) Humanized, high-yield yeast recombinant 6) Speed of response from threat identification

protein vaccines to vaccine deployment

b) Insect cell-baculovirus addomer vaccines

¢) Generalized modules for membrane The assessment indicated that technologies

antigens (gmma) vaccines
d) RNA vaccines
Herein, existing and future platforms are assessed in
terms of addressing challenges of scale, cost, and
responsiveness.

in the order of increasing feasibility and decreasing
risk are the yeast platform, ADDomer platform,
followed by RNA and GMMA platforms. The
comparative strengths and weaknesses of each
technology are discussed in detail, illustrating the
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associated development and manufacturing needs

and priorities [1].

Active ingredients

Viral or bacterial antigens that
* directly stimulate the immune

system but cannot cause disease.

Adjuvants fe
Aluminum salts in small quantities

that help to boost the immune

response to the vaccine

Antibiotics

Prevent contamination by bacteria
during the vaccine manufacturing
process.

i

\ )
p = Trace components
Residual inactivating ingredients 3
such as formaldehyde, and | J%asl.e
residual cell culture materials : Shang/h®
(present in small quantities that SNy e
does not pose a safety concern) -
Formaldehyde

Stabilizers / O .
Sugar/gelatin keep the vaccine .
effective until it is administered to a O .
patient N
Sugar/gelatin
» / Preservatives 1=
Thimerosal prevents dangerous —

bacterial or fungal contamination
{only used for influenza
vaccines)

Coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a global pandemic
which has induced unprecedented ramifications,
severely affecting our society due to the long
incubation time, unpredictably high prevalence and
lack of effective vaccines. One of the interesting
notions is that there is an association between
COVID-19 and cancer. Cancer patients seem to
exhibit exacerbated conditions and a higher
mortality rate when exposed to the virus. Therefore,
vaccines are the promising solution to minimise the
problem amongst cancer patients threatened by the
new viral strains. However, there are still limitations
to be considered, including the efficacy of COVID
vaccines for immunocompromised individuals,
possible interactions between the vaccine and
cancer, and personalised medicine. Not only to
eradicate the pandemic, but also to make it more
effective for immunocompromised patients who are
suffering from cancer, a successful vaccine platform
is required through the implementation of
nanotechnology which can also enable scalable
manufacturing and worldwide distribution along
with its faster and precise delivery. In this review,
we summarise the current understanding of COVID-
19 with clinical perspectives, highlighting the
association between COVID-19 and cancer, followed
by a vaccine development for this association using
nanotechnology. We suggest different
administration methods for the COVID-19 vaccine
formulation options. This study will contribute to

paving the way towards the prevention and
treatment of COVID-19, especially for the
immunocompromised individuals [2]. In the race for
a safe and effective vaccine against coronavirus
disease (COVID)-19, pharmaceutical formulation
science plays a critical role throughout the
development, manufacturing, distribution, and
vaccination phases. The proper choice of the type of
vaccine, carrier or vector, adjuvant, excipients,
dosage form, and route of administration can
directly impact not only the immune responses
induced and the resultant efficacy against COVID-19,
but also the logistics of manufacturing, storing and
distributing the vaccine, and mass vaccination. In
this review, we described the COVID-19 vaccines
that are currently tested in clinical trials and
provided in-depth insight into the various types of

vaccines, their compositions, advantages, and
potential limitations. We also addressed how
challenges in  vaccine  distribution  and

administration may be alleviated by applying
vaccine-stabilization strategies and the use of
specific mucosal immune response-inducing, non-
invasive routes of administration, which must be
considered early in the development process [3].

mRNA vaccines represent a promising
alternative to conventional vaccine approaches
because of their high potency, capacity for rapid
development and potential for low-cost manufacture
and safe administration. However, their application
has until recently been restricted by the instability
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and inefficient in vivo delivery of mRNA. Recent
technological advances have now largely overcome
these issues, and multiple mRNA vaccine platforms
against infectious diseases and several types of
cancer have demonstrated encouraging results in
both animal models and humans. This Review
provides a detailed overview of mRNA vaccines and
considers future directions and challenges in
advancing this promising vaccine platform to
widespread therapeutic use [4]. Enabled by new
approaches for rapid identification and selection of
human monoclonal antibodies, atomic-level
structural information for viral surface proteins, and
capacity for precision engineering of protein
immunogens and self-assembling nanoparticles, a
new era of antigen design and display options has
evolved. While HIV-1 vaccine development has been
a driving force behind these technologies and
concepts, clinical proof-of-concept for structure-
based vaccine design may first be achieved for
respiratory  syncytial virus  (RSV), where
conformation-dependent access to neutralization-
sensitive epitopes on the fusion glycoprotein
determines the capacity to induce potent
neutralizing activity. Success with RSV has
motivated structure-based stabilization of other
class I viral fusion proteins for use as immunogens
and demonstrated the importance of structural
information for developing vaccines against other
viral pathogens, particularly difficult targets that
have resisted prior vaccine development efforts.
Solving viral surface protein structures also
supports rapid vaccine antigen design and
application of platform manufacturing approaches
for emerging pathogens [5].

DNA or mRNA vaccines have potential
advantages over conventional vaccines since they
are easier to manufacture and have higher safety
profiles. In particular, self-amplifying RNA (saRNA)
derived from alphavirus expression vectors has
shown to be very efficient to induce humoral and
cellular responses against many antigens in
preclinical models, being superior to non-replicating
mRNA and DNA. This is mainly due to the fact that
saRNA can provide very high expression levels and
simultaneously induces strong innate responses,
potentiating immunity. saRNA can be administered
as viral particles or DNA, but direct delivery as RNA
represents a safer and more simple approach.
Although saRNA can be delivered as naked RNA, in
vivo  transfection can be enhanced by
electroporation or by complexing it with cationic
lipids or polymers. Alphavirus saRNA could have
broad application to vaccinate against human
pathogens, including emerging ones like SARS-CoV-
2, for which clinical trials have been recently
initiated [6]. One of the earliest methods used in the
manufacture of stable and safe vaccines is the use of

chemical and physical treatments to produce
inactivated forms of pathogens. Although these
types of vaccines have been successful in eliciting
specific humoral immune responses to pathogen-
associated immunogens, there is a large demand for
the development of fast, safe, and effective vaccine
manufacturing strategies. Radiation sterilization has
been used to develop a variety of vaccine types,
because it can eradicate chemical contaminants and
penetrate pathogens to destroy nucleic acids
without damaging the pathogen surface antigens.
Nevertheless, irradiated vaccines have not widely
been used at an industrial level because of
difficulties obtaining the necessary equipment.
Recent successful clinical trials of irradiated
vaccines against pathogens and tumors have led to a
reevaluation of radiation technology as an
alternative method to produce vaccines. In the
present article, we review the challenges associated
with creating irradiated vaccines and discuss
potential strategies for developing vaccines using
radiation technology [7]. Improved understanding of
antigenic components and their interaction with the
immune system, as supported by computational
tools, permits a sophisticated approach to modern
vaccine design. Vaccine platforms provide an
effective tool by which strategically designed
peptide and protein antigens are modularized to
enhance their immunogenicity. These modular
vaccine platforms can overcome issues faced by
traditional vaccine manufacturing and have the
potential to generate safe vaccines, rapidly and at a
low cost. This review introduces two promising
platforms based on virus-like particle and liposome,
and discusses the methodologies and challenges [8].
Messenger RNA (mRNA)-based vaccines have shown
promise against infectious diseases and several
types of cancer in the last two decades. Their
promise can be attributed to their safety profiles,
high potency, and ability to be rapidly and affordably
manufactured. Now, many RNA-based vaccines are
being evaluated in clinical trials as prophylactic and
therapeutic vaccines. However, until recently, their
development has been limited by their instability
and inefficient in vivo transfection. The nanodelivery
system plays a dual function in RNA-based
vaccination by acting as a carrier system and as an
adjuvant. That is due to its similarity to
microorganisms structurally and size-wise; the
nanodelivery system can augment the response by
the immune system via simulating the natural
infection process. Nanodelivery systems allow non-
invasive mucosal administration, targeted immune
cell delivery, and controlled delivery, reducing the
need for multiple administrations. They also allow
co-encapsulating with immunostimulators to
improve the overall adjuvant capacity. The aim of
this review is to discuss the recent developments
and applications of biodegradable nanodelivery
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systems that improve RNA-based vaccine delivery
and enhance the immunological response against
targeted diseases [9].

In the 21st century, an array of
microbiological and molecular allow antigens for
new vaccines to be specifically identified, designed,
produced and delivered with the aim of optimising
the induction of a protective immune response
against a well-defined immunogen. New knowledge
about the functioning of the immune system and
host pathogen interactions has stimulated the
rational design of vaccines. The design toolbox
includes vaccines made from whole pathogens,
protein subunits, polysaccharides, and pathogen-like
particles, use of viral/bacterial vectors, plus
adjuvants and conjugation technology to increase
and broaden the immune response. Processes such
as recombinant DNA technology can simplify the
complexity of manufacturing and facilitate
consistent production of large quantities of antigen.
Any new vaccine development is greatly enhanced
by, and requires integration of information
concerning:

1. Pathogen life-cycle & epidemiology:
Knowledge of pathogen structure, route of
entry, interaction with cellular receptors,
subsequent replication sites and disease-causing
mechanisms are all important to identify
antigens suitable for disease prevention. The
demographics of infection, specific risk groups
and age-specific infection rates determine which
population to immunise and at what age.

2. Immune control & escape: Interactions
between the host and pathogen are explored,
with determination of the relative importance of
antibodies, T-cells of different types and innate
immunity, immune escape strategies during
infection, and possible immune correlates of
protection. This information guides
identification and selection of antigen and the
specific immune response required for
protection.

3. Antigen selection & vaccine formulation:
The selected antigen is formulated to remain
suitably immunogenic and stable over time,
induce an immune response that is likely to be
protective, plus be amenable to eventual scale-
up to commercial production.

4. Vaccine preclinical & clinical testing: The
candidate vaccine must be tested for
immunogenicity, safety and efficacy in
preclinical and appropriately designed clinical
trials. This review considers these processes
using examples of differing pathogenic
challenges, including human papillomavirus,
malaria, and ebola [10].

METHOD AND MATERIAL

We conducted this research paper by
observing the different types of reviews, as well as
conducting and evaluating literature review papers.

RESULT AND DISCUSSION

In this research, we found that how
challenges in vaccine distribution and
administration may be alleviated by applying
vaccine-stabilization strategies and the wuse of
specific mucosal immune response-inducing, non-
invasive routes of administration, which must be
considered early in the development process. Recent
technological advances have now largely overcome
these issues, and multiple mRNA vaccine platforms
against infectious diseases and several types of
cancer have demonstrated encouraging results in
both animal models and humans. Solving viral
surface protein structures also supports rapid
vaccine antigen design and application of platform
manufacturing approaches for emerging pathogens.
In particular, self-amplifying RNA (saRNA) derived
from alphavirus expression vectors has shown to be
very efficient to induce humoral and cellular
responses against many antigens in preclinical
models, being superior to non-replicating mRNA and
DNA. Alphavirus saRNA could have broad
application to vaccinate against human pathogens,
including emerging ones like SARS-CoV-2, for which
clinical trials have been recently initiated. Although
these types of vaccines have been successful in
eliciting specific humoral immune responses to
pathogen-associated immunogens, there is a large
demand for the development of fast, safe, and
effective vaccine manufacturing strategies. In the
present article, we review the challenges associated
with creating irradiated vaccines and discuss
potential strategies for developing vaccines using
radiation technology. In the 21st century, an array of
microbiological and molecular allow antigens for
new vaccines to be specifically identified, designed,
produced and delivered with the aim of optimising
the induction of a protective immune response
against a well-defined immunogen.

CONCLUSION

In our research, we concluded that
challenges in vaccine distribution and
administration may be alleviated by applying
vaccine-stabilization strategies and the use of
specific mucosal immune response-inducing, non-
invasive routes of administration, which must be
considered early in the development process.
Although these types of vaccines have been
successful in eliciting specific humoral immune
responses to pathogen-associated immunogens,
there is a large demand for the development of fast,
safe, and effective vaccine manufacturing strategies.
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