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COVID-19 vaccines - are we there yet?

SUMMARY

The novel coronavirus SARS-CoV-2, the cause of the COVID-19 pandemic, is a highly infectious
human respiratory pathogen to which the global population had no prior immunity. The virus will
likely continue to cause significant morbidity until there is a broadly effective vaccine.

As of mid-December 2020, more than 200 COVID-19 vaccine candidates are in development and 11
have entered phase lll clinical trials globally. All generate immunity to the viral spike glycoprotein.

Three vaccine candidates have agreements for procurement and use in Australia if efficacy and
safety requirements are met - one protein-based vaccine, one vaccine using a simian-derived
adenovirus vector and one messenger RNA vaccine. The latter two vaccines have published
interim analyses and efficacy results of their phase lll trials. The messenger RNA vaccine is being

rolled out in the UK, USA and Canada.

Significant uncertainties remain. How well will some of those at highest risk of severe disease
(such as older people aged >75 years and those with immunocompromising conditions) be
protected by a vaccine, and for how long? Also, to what extent will vaccination protect against
infection? This will determine the degree of indirect ‘herd’ protection needed through broad

vaccine coverage of younger age groups.

Introduction

Like influenza, coronaviruses are RNA viruses. The
SARS-CoV-2 virus which causes COVID-19 belongs
to the betacoronavirus family. This also includes

the SARS-CoV-1 virus which causes Severe Acute
Respiratory Syndrome (SARS) and MERS-CoV which
causes Middle East Respiratory Syndrome (MERS).
Another four seasonal human coronaviruses circulate
annually, mostly causing mild upper respiratory
tract infections.

SARS (2003) and MERS (2014) caused short-lived
epidemics with a high case fatality. MERS still
occurs sporadically, but SARS-CoV-1 has not been in
circulation since 2008

COVID-19 is most severe in the elderly and those
with significant comorbidities. SARS-CoV-2 also
results in asymptomatic infection. Unlike SARS-CoV-1,
SARS-CoV-2 can be very contagious before and
shortly after symptom onset, which has helped

drive rapid global spread. Although estimates of the
degree of immunity in the population required to
control the COVID-19 pandemic vary, most centre
around 60-70%.% High coverage with effective
vaccines is the only ethically acceptable path to
achieving this level of immunity. The effectiveness of
the various COVID-19 vaccine candidates will depend
on their ability to reduce infectiousness versus

their ability to prevent serious disease if someone
gets infected.
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Pandemic preparedness

Experience of disease outbreaks over the past two
decades, including SARS and MERS, influenza in
2009, Ebola®in 2014 and the emergence of Zika virus,
has underpinned rapid progress towards vaccines

for COVID-19. This has been enabled by remarkable
innovations in fundamental vaccine research and
development.* Establishing the Coalition for Epidemic

and has helped to identify and give financial support
to candidate vaccines against diseases with pandemic
potential, including MERS.

Vaccine development

Vaccination is only successful if vaccine development
results in a product approved for use and delivered

to the target population. The vaccine development
process is stepwise, pyramidal and selective.® If initial
studies in the laboratory (in cell lines and experimental
animals) are favourable, human vaccine trials enter
the phase | stage which assesses safety, dosage and
immunogenicity in small numbers of healthy people.
Typically, only a small proportion of vaccine candidates
progress to phase Il trials, which are designed to
identify optimal formulations, numbers of doses and
dosing intervals. These trials require hundreds to
around a thousand participants. Phase Il vaccine trials
evaluate protective efficacy against clinical disease as
well as safety. Their study size depends on the expected
number of cases but is usually many thousands.
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Progress through all trial stages usually takes at least
10 years. However, the magnitude of the COVID-19
pandemic has led to funding for the development

of ‘vaccines at pandemic speed’ by running some
processes in parallel (see Fig. 1).* Many studies

have combined phase | and Il trials and a few have
combined phase Il and lll trials to compress time
frames. This has not compromised scientific rigour
as safety, immunogenicity and efficacy outcomes are
strictly assessed and safety monitoring will continue
even after registration.

As of mid-December 2020, four COVID-19 vaccines
have reported estimates of efficacy from their

phase Il trials in press releases.® However, only two of
these, one adenovirus-vectored vaccine (University of
Oxford/AstraZeneca) and one messenger RNA vaccine
(BioNTech/Pfizer), have published interim efficacy
results.”® Although vaccines produced in China and
Russia have been approved for use in those countries
(Table 1), detailed efficacy and safety data at the

level required by regulatory bodies in most countries,
including Australia, are not currently publicly accessible.

COVID-19 vaccine candidates have been developed
using conventional and novel approaches to vaccine
development (see Fig. 2). All of them generate
immunity to the viral spike glycoprotein, which

is required for the virus to enter host cells. The

aim of vaccine-generated antibodies against the
spike glycoprotein is to prevent viral replication, or
‘neutralise’ the virus, and stop it from infecting cells.

Conventional approaches

Conventional approaches to vaccine development
have the advantage of being familiar and well-studied,
but these vaccines may take longer to manufacture.
COVID-19 vaccine candidates developed by conventional
approaches and currently in clinical trials include:

e inactivated viral vaccines (like the influenza (split
virus) and inactivated polio (whole virus) vaccines)

e protein or protein subunit vaccines (like the
diphtheria and tetanus protein (toxoid) vaccines,
hepatitis B and herpes zoster adjuvanted vaccine)

e virus-like particles (like the human papillomavirus
vaccine)

e live-attenuated viral vaccines

Only one live-attenuated COVID-19 vaccine is currently
being progressed to human studies (NCT04619628).

Novel vaccine approaches

Novel approaches have potential advantages in

the strength of immune responses and rapidity of
manufacture but are less well studied. These newer
technologies for COVID-19 include viral vectored
vaccines and mRNA and DNA vaccines. Vectored
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vaccines currently in phase Ill trial use adenoviruses
of human or non-human primate origin. These are
harmless, non-replicating viruses which are able to
enter cells and deliver the genetic code for SARS-
CoV-2 spike protein antigen. DNA-based vaccines
may require specific devices to deliver the DNA

into cells (e.g. by electroporation), and from the
cytoplasm to the nucleus once in the cell. Conversely,
mMRNA vaccines are often encapsulated into lipid
nanoparticles which allow mRNA to fuse into the
cytoplasm without being degraded (Moderna and
BioNTech/Pfizer’s vaccines use this technology). Both
DNA and mRNA vaccines induce the recipient’s own
cells to produce SARS-CoV-2 spike protein.

COVID-19 vaccines in clinical trials

Table 1 lists the characteristics of the 11 vaccine
candidates in phase Il trials as of mid-December
2020.77 Table 2 lists vaccines in phase | or Il trials
in Australia.

Australia currently has one agreement to locally
manufacture a vaccine - ChAdOx1 nCoV-19/AZD1222
(University of Oxford/AstraZeneca). This is a viral
vectored vaccine in phase lll trials, with interim efficacy
results.” Previously the University of Queensland/CSL
had an agreement for local manufacture of the v451
clamp vaccine. However a decision has been made to
not proceed into phase Il clinical trials as antibodies
to the vaccine interfere with HIV screening tests.'81°

Vaccine registration

All COVID-19 vaccines used in Australia will require
approval by the Therapeutic Goods Administration
(TGA). The TGA has recently determined that three
vaccines in phase lll trials are eligible to apply for

provisional registration in the Australian Register of

Therapeutic Goods. These are:
e BNT162b2 (MRNA vaccine)

e ChAdOx1nCoV-19/AZD1222 (viral vectored
vaccine)

e Ad26.CoV2.S (viral vectored vaccine).

Provisional TGA registration of medicines or
vaccines is on the basis of preliminary clinical data
on quality, safety and effectiveness of the vaccine,
and the sponsor’s plan to submit comprehensive
clinical and stability data before the provisional
registration ends.?°

The status of other vaccine candidates is available
through the World Health Organization website
which is regularly updated.? As of mid-December, the
BNT162b2 vaccine has been granted Emergency Use
Authorisation in at least three countries, including the
UK, Canada and the USA, where it is being rolled out
in COVID-19 vaccination programs.
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Fig.1 Timeline of COVID-19 vaccine development and approval compared to conventional vaccine pathway
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Table1 COVID-19 vaccine candidates in phase lll clinical trials worldwide (as of mid-December 2020)

Vaccine Developer (country) Platform technology Dose Published results Published Phase Il
schedule efficacy
ChAdOx1 nCoV-19/ University of Oxford/ Viral vector (chimpanzee 2 doses Phase I/11° Half dose and then
AZD1222* AstraZeneca (UK) adenovirus vector) Phase lI/I1I" full dose:
Phase I/1l and 117 90%
(95% Cl: 67.4-97%)
Two full doses:
62.1%
(95% ClI: 41-75.7%)
mMRNA-1273 Moderna/NIAID mMRNA (lipid nanoparticle) 2 doses Phase |
(USA) (18-55 years)"
Phase |
(=56 years)®?
CoronaVac Sinovac Biotech Inactivated virus 2 doses
(China)
Unnamed Beijing Institute of Biological Inactivated virus 2 doses
Products/Sinopharm (China)
Unnamed Wuhan Institute of Biological Inactivated virus 2 doses
Products/Sinopharm (China)
BNT162b2* BioNTech/Pfizer mMRNA (lipid nanoparticle) 2 doses Phase I/1I"® Two doses:
(Germany, USA) Phase II/111 95%
(95% Cl: 90.3-97.6%)®
Gam-COVID-Vac Gamaleya Research Institute Viral vector (human 2 doses in Phase I/1I"
(Russia) adenovirus type 26 and 5, total
sequentially administered)
Ad5-nCoV CanSino Biologics Viral vector (human 2 doses Phase I
(China) adenovirus type 5) Phase II'®
NVX-CoV2373* Novavax Protein lipid nanoparticle 2 doses Phase 7
(USA) with Matrix M adjuvant
Ad26.CoV2.S Janssen/Johnson & Johnson Viral vector (human 1dose
(USA) adenovirus type 26)
BBV152B/ Bharat Biotech International Inactivated virus 2 doses
Covaxin (India)

* Australian Government has advance purchase agreements for ChAdOx1 nCoV-19/AZD1222, BNT162b2 and NVX-CoV2373 subject to

registration requirements

Vaccine safety

Safety is paramount at all stages of the clinical
development process. It is built into vaccine

development by guidelines from the earliest stages

(Good Laboratory Practice) to clinical trials (Good

Clinical Practice). For each vaccine, safety is assessed
by Data Safety Monitoring Boards, independent of the
manufacturer, during the trial. Safety is also assessed
after trial completion by the regulator when it reviews

the vaccine for approval.??

In Australia, enhanced reporting of adverse events

state and territory levels is designed to ensure that
the safety of any COVID-19 vaccines used in the

22 Full text free online at nps.org.au/australian-prescriber

National Immunisation Program is comprehensively
monitored. This is supplemented by near real-time
active vaccine safety surveillance, such as through
AusVaxSafety.? All these mechanisms will be outlined
in detail in the Australian national COVID-19 vaccine
pharmacovigilance plan.

Some potential safety concerns were identified
early on for COVID-19 vaccine candidates based

on previous experience with coronavirus vaccine
candidates. In experimental animals given vaccines
for SARS and MERS, some studies showed evidence
of lung immunopathology after challenge with wild
virus (termed disease enhancement).?* However,
this proved not to be an issue for COVID-19
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vaccines in animal studies, as high concentrations
of neutralising antibody were produced. These
antibodies not only bind to viral antigen, they also
prevent the virus from infecting cells. In addition,
the T-cell responses seen were not associated with

Fig. 2 Approaches being used to develop SARS-CoV-2
vaccines to protect against COVID-19

) i CONVENTIONAL APPROAGHES NOVEL APPROACHES
allergy (i.e. T helper 1 biased rather than T helper 2).2*
It is a requirement that vaccine candidates satisfy _ _
these criteria before entering phase | human trials. °
To date, no COVID-19 candidate vaccines have L )
generated safety signals of concern. PROTEIN SUBUNIT \' DNA
VACCINES ,‘ Y vaccine
How will we use COVID-19 vaccines? » Q BUCLEC ACID
. . i SARS-CoV-2

There is general agreement that front-line workers, sV
such as healthcare staff, and individuals at the highest . ‘\3 T, /’) -
risk of sgyere dlseasg, particularly the glderly, should VIRUS-LIKE ’:\'\77,:. F 2 & vaccine
be prioritised to receive COVID-19 vaccines once PARTICLES ’;'/ \;‘ = — _
available.?>?” A key question is how well vaccines that L a0
show protection in young, healthy individuals will work e Q/J ll \"\' —
in people who have chronic medical conditions or are .‘3\3 r;;)—. 0
immunocompromised, and in older people, particularly ,f“ \\.

) o . . . Atteruated Non-replicati
those who are frail 9r I|V|r_19 |n. residential care. Up. until WHOLE VIRUS 3:::1:*3 on-replicating VIRAL VECTOR
2020, the only vaccine with high levels of protection VACCINES | <17, VACCINES
in older people (>70 years) is a recombinant shingles <8 2 i@z
vaccine which uses a novel adjuvant.® This vaccine ':’1'1 N
is available in the USA, but not Australia. Such novel Inactivated Roplicating

adjuvants may prove important for COVID-19 vaccines
in older people and other groups likely to have
reduced vaccine responses.

Table 2 COVID-19 vaccines in human clinical trials in Australia (as of mid-December 2020)

Vaccine Developer Platform Phase Clinical trial location Age of Clinical trial
(country) technology participants registration
SCB-2019 Clover Protein Perth 18-75 years NCT04405908
Biopharmaceuticals
(China)
NVX-CoV2373 Novavax (USA) Protein lipid I/l Melbourne and Brisbane  18-59 years NCT04368988
nanoparticle (phase I)
with Matrix M 10 locations in ACT,
adjuvant NSW, QLD and VIC and
8 in the USA (phase II)
Covax-19 Vaxine (Australia) Protein | Adelaide 18-84 years NCT04453852
v4571* University of Protein | Brisbane 18-65 years
Queensland
(Australia)
RBD-SARS-CoV-2 SpyBiotech (UK) Virus-like I/1l Melbourne 18-79 years ACTRN12620000817943
HBsAg VLP particle
bacTRL-Spike Symvivo (Canada) DNA | Melbourne =18 years NCT04334980
(oral

administration)

* The Australian Government had an advance purchase agreement for v451 vaccine subject to registration requirements. However, further trials of
this candidate vaccine have been cancelled due to the vaccine causing false positive HIV tests in those who receive it.'®" (This is related to a protein
fragment contained in the vaccine formulation.)

Full text free online at nps.org.au/australian-prescriber 23


http://www.nps.org.au/australianprescriber
https://clinicaltrials.gov/ct2/show/NCT04405908
https://clinicaltrials.gov/ct2/show/NCT04368988
https://clinicaltrials.gov/ct2/show/NCT04453852
https://clinicaltrials.gov/ct2/show/NCT04495933
https://www.australianclinicaltrials.gov.au/anzctr/trial/ACTRN12620000817943
https://clinicaltrials.gov/ct2/show/NCT04334980
https://www.nps.org.au/australian-prescriber/articles/herpes-zoster-vaccination-in-australia-whats-available-and-who-benefits
https://www.nps.org.au/australian-prescriber/articles/herpes-zoster-vaccination-in-australia-whats-available-and-who-benefits

ARTICLE
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Another key uncertainty is whether COVID-19
vaccination will reduce transmission of SARS-CoV-2
and produce indirect ‘herd” immunity which could
protect people who are unable to respond to
vaccines. It will take time for data to emerge on
this and on the duration of protection and need for
repeated doses.?®

More detailed priorities for specific target groups will
vary with the availability of vaccines and their specific
characteristics. Vaccine recommendations, along with
other control recommendations are evolving as our
experience with COVID-19 grows.

Conclusion

Ensuring public confidence in both the safety and
effectiveness of COVID-19 vaccines will be critical
to achieving high vaccine uptake among target
populations during vaccine roll out in Australia from
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2021.3° As COVID-19 vaccines become available for
use, immunisation service providers can take early
steps to prepare for vaccine introduction, such as
ensuring connectivity to the Australian Immunisation
Register and engagement with other systems such as
adverse events following immunisation reporting.

Much needs to be done to ensure that the
unprecedented scientific effort which has allowed
rapid development of COVID-19 vaccines translates
into the high vaccine uptake needed to rapidly
overcome the most significant global pandemic seen
in over a century. <
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