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ABSTRACT

In December 2019, cases of atypical pneumonia were diagnosed in hospital patients in Wuhan,
Hubei province, China. The disease, now known as COVID-19 is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). As case numbers increased and spread across
the planet many companies scrambled to develop vaccines to control the infection and disease.
Prior research on SARS-CoV-1, new vaccine technologies and unprecedented funding have allowed
vaccines to be developed and approved in record time, without the usual pauses and bypassing any
of the requirements of the vaccine approval process. This paper is a review of the current literature
on some of the vaccines targeting SARS-CoV-2 and of the new technologies used to produce them.
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Introduction

As of 29 January 2022, the WHO reported 364 191 494 confirmed cases of COVID-19,
including 5631 457 deaths globally. As of 18 January 2022, a total of 9571 502663
vaccine doses have been administered worldwide." A November 2021 study by the WHO
Regional Office for Europe and European Centre for Disease Prevention and Control
estimated that 470 000 lives have been saved in the 60 years and over age group by the
COVID-19 vaccination campaign in 33 countries across the WHO European Region.”
Over 800 000 Americans have died so far during the U.S. COVID-19 pandemic, with more
than half those deaths occurring during 2021. Without vaccines there would have been
approximately 1.1 million additional COVID-19 deaths and an additional 10.3 million
additional COVID-19 hospitalisations in the U.S. by November 2021.> The WHO reports
that 140 vaccines (Table 1) are at the clinical development stage and 194 vaccines at the
pre-clinical development stage.” The Australian Department of Health has approved four
vaccines for use in Australia, Vaxzevria (AstraZeneca), Comirnaty (Pfizer) and Spikevax
(Moderna) and Nuvaxovid (Novavax).® The AstraZeneca vaccine is a non-replicating
recombinant adenovirus, the Pfizer and Moderna vaccines are messenger RNA vaccines
and the Novavax vaccine is a protein subunit vaccine.

Vaccine technologies

The aim of vaccination is to induce an immune response that neutralises the virus and
prevents its replication. This is achieved by exposing the host to an appropriate viral
protein. There are three general approaches to developing virus vaccines. Vaccines use
either whole viruses, individual viral proteins or genetic material so that the vaccine
directs production of the viral protein. The whole virus can be live, attenuated or killed,
viral proteins can be full-length or truncated and the nucleic acid can be DNA or RNA.
Protein-based vaccines can have adjuvants to enhance the host immune response and
nucleic acid vaccines can have promotor sequences to enhance protein production. These
also have the advantage of not requiring live virus for vaccine production or secure
laboratory facilities appropriate to safely handle the agent.

Protein subunit

A protein subunit vaccine uses one or more individual viral proteins to produce an immune
response against the virus. The target proteins usually contain the neutralising epitopes of
the virus and are produced in either yeast, E. coli or insect cells. These vaccines contain a
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Table I. COVID-19 — novel coronavirus vaccine candidates

worldwide as of 21 January 2022. Modified from WHO.*
Platform Number
Protein subunit 47
Viral Vector (non-replicating) 19
DNA 16
Inactivated virus 19
RNA 23
Viral vector (replicating) 4
Virus-like particle 6
Live attenuated virus 2
Viral Vector replicating + Antigen-presenting cell 2
Viral Vector non-replicating + Antigen-presenting cell |
Bacterial antigen spore expression vector |
Total 140

genetically engineered, non-infectious virus protein rather
than the whole virus and have been around for many years.
Many of the standard childhood vaccines are protein subunit
vaccines so the technology has been thoroughly tested.® The
active ingredient of Novavax is a spike protein, SARS-CoV-2
rS (NVX-CoV2373) produced by a genetically engineered
baculovirus. The baculovirus is grown in SF9 moth cells
where it expresses the SARS-CoV-2 spike protein produced
in moth cells. The spike protein is collected and assembled
into synthetic nanoparticles. The final product consists of the
nanoparticles and saponin-based Matrix-M adjuvant.”

Viral vector (non-replicating)

Viral Vector non-replicating vaccines use a genetically
modified virus that has been rendered unable to replicate,
usually by knocking out one or more key genes, to deliver a
viral protein into the body. The gene for the viral protein of
interest is inserted into the genome of the non-replicating
vector virus together with a promotor. Once injected, the
body’s cells transcribe and translate the viral gene into copies
of the viral protein that produces an immune response against
the virus.® The AstraZeneca vaccine is a recombinant, non-
replicating chimpanzee adenovirus vector (ChAdOx1) with
the full-length SARS-CoV-2 spike glycoprotein gene inserted
into the adenovirus genome. The AstraZeneca vaccine is
derived from material cultured in an immortalised cell line,
derived approximately 50 years ago from human embryonic
kidney cells (HEK293). The cells contain the adenovirus
genes necessary for viral replication, and the vaccine is purif-
ied to remove cellular material.®

DNA

DNA vaccines consist of a genetically engineered plasmid
containing a DNA sequence coding for a viral protein of inter-
est and promotor sequences. The DNA is transfected into cells,
where the viral gene is transcribed into RNA, which is then

translated into the viral protein. The body then mounts an
immune response to the foreign protein. DNA vaccines are a
relatively new vaccine technology. Several veterinary vaccines
have been developed but before COVID-19 none had been
approved for human use. Because of the COVID-19 pandemic
DNA vaccine technology has developed rapidly and at least
one COVID-19 DNA vaccine has been approved for use in
humans and many are at the clinical development stage.®

Inactivated virus

Inactivated virus vaccines are one of the oldest technologies
for producing vaccines and have been proven to be effective
over almost 100 years. The virus is grown in a culture system
such as cell culture, embryonated eggs or in animals. It is
then inactivated using chemicals, heat or radiation to prevent
the agent causing disease. Formaldehyde and [3-propiolactone
are now the most common inactivating chemicals used. Many
human vaccines, including influenza and polio are produced
this way. In the case of the influenza vaccine the virus is
grown in eggs, partially purified and then killed (split) with
formaldehyde to inactivate the virus. Inactivated viral vac-
cines often have an adjuvant added to enhance the host
immune response. Inactivated virus vaccines are relatively
easy to produce, can be made in reasonably large quantities,
but the time of production can be quite long and can only be
done in laboratories with bio-secure facilities appropriate for
the agent being handled.®

RNA

RNA vaccines are a new technology. The RNA in vaccines is
messenger RNA, which can be directly translated to protein
by the transfected cells. As with DNA vaccines the mRNA is
embedded in lipid nanoparticles. Even though mRNA vaccines
are a new technology several mRNA vaccines have been
approved for use to control the spread of COVID-19.° The
Pfizer mRNA vaccine contains 30 ug of BNT162b2 mRNA
embedded in lipid nanoparticles encoding the SARS-CoV-2
spike protein.” A prime dose of the Moderna mRNA vaccine
contains 100 ug of mRNA embedded in SM-102 lipid nano-
particles. The booster dose contains 50 g of mRNA.'° The
RNA for both vaccines was produced using cell-free, in vitro
transcription from the corresponding DNA template. The
cells that take up the lipid nanoparticles are destroyed,
along with the RNA.

Viral vector (replicating)

This type of vaccine is similar to viral vector (non-replicating)
vaccines, however the vector virus replicates in the host. The
vector virus contains one or more inserted pieces of nucleic
acid coding for the SARS-CoV-2 proteins of interest that,
during the replication of the vector virus, expresses SARS-
CoV-2 proteins to which the host produces antibodies. While
the host is protected from COVID-19, as only SARS-CoV-2
proteins are produced, rather than the whole virus, a replicat-
ing vector virus may pose a risk of infection. These vaccines
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can be developed rapidly once the technology has been
established.®

Virus-like particles

Virus-like particles (VLPs) are protein multimer structures
spontaneously assembled from viral structural proteins and
containing no genetic material. VLPs have been produced by
many virus families and assemble into high protein density
structures, often in the identical configuration to that in the
native virus. They may also contain the viral proteins respon-
sible for cell attachment and entry resulting in efficient cell
entry. VLPs have become commonly used in vaccinology as
they present both B-cell and T-cell epitopes and provide a
delivery system that generates both antibodies and cell-
mediated immunity. It is possible to insert foreign proteins
into VLPs where they can combine good safety and strong
immunogenicity.® The widely deployed hepatitis B vaccine is
an example of a VLP vaccine where the 22nm particles
comprising HBV surface antigen are produced in recombi-
nant yeast. The HPV vaccine is another example of a VLP
vaccine: its development at The University of Queensland
involved Ian Frazer and Jian Zhou.

Others

Vaccine delivery strategies are constantly being researched,
developed and refined. Recent advances in molecular biology
have made recombinant organisms, such as viruses, bacterial
and other vectors, potential delivery systems for vaccines.
Bacillus subtilis endospores expressing foreign antigens have
been used for oral and intranasal immunisation and were
shown to generate mucosal and systemic responses in a
murine model.'' Antigen presenting cells have been used in
presenting SARS-CoV-2 spike protein via MHC Class 1 to
CD8™ cells and via MHC Class IT to CD4 ™" cells in recombinant
viral vectors.'?

Conclusion

A multitude of COVID-19 vaccines have been developed or are
currently undergoing pre-clinical and clinical development.

Many variants of the SARS-CoV-2 virus have evolved since
the virus was first identified and the evidence, and nature of
the virus, suggests that evolution of new antigenic and genetic
variants will continue. Therefore, the most useful vaccination
strategies will be those that are easily adapted to the new
variants of concern (VoC), can be produced in large volumes,
have high titres and low cost. Vaccines alone will not elim-
inate the virus, and may even enhance its evolution, so other
measures to reduce transmission, including frequent hand
washing, wearing a mask, physical distancing, good ventila-
tion and avoiding crowded places or closed settings, will
continue to work against new variants by reducing the
amount of viral transmission and therefore also reduce oppor-
tunities for the virus to mutate.
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