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Abstract.

Vaccines remain the main prospect for an exit strategy from the COVID-19 pandemic, and may, depending on

efficacy, duration of protection and uptake, make herd immunity feasible. If herd immunity is not achievable, SARS-COV-2

will circulate long-term. There are many vaccine candidates in development and choices between vaccines that will vary in

efficacy and safety. The efficacy of available vaccines is compared and ranges from 62-95% against symptomatic infection

with the G614 variant. Efficacy is reduced against new variants of concern and is uncertain against asymptomatic infection.

Some vaccines show a better protective immune response than natural infection. The principles of herd immunity and

prerequisites for achieving it, such as vaccine efficacy, duration of protection and coverage, are discussed. The alternative

vaccine strategies including mass vaccination, targeted risk or age-based vaccination and ring vaccination, as well as speed

of vaccination are reviewed. Finally, the impact of variants of concern on vaccine programs and the logistics of mass

vaccination are discussed.
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Introduction

Australia has controlled COVID-19 well, but people live with
intermittent restrictions such as social distancing, masks and lock-
downs, and health authorities must maintain testing and contact
tracing infrastructure. Vaccines remain the main prospect for an exit
strategy and may, depending on efficacy, duration of protection and
uptake, make herd immunity feasible'. There are over 62 vaccine
candidates in clinical development and over 170 in pre-clinical
development®, so we will have a diverse choice of vaccines
which will vary in efficacy and safety. Some vaccines show a better
protective immune response than natural infection, which is promising®.

There are four basic technologies being used for vaccine development:

(1) Protein subunit;

(2) Whole virus (inactivated or live attenuated);

(3) Vectored (including adenovirus and measles vectors); and
(4) RNA or DNA.

Vaccine candidates with published phase three trials show
efficacy of 62-95% against symptomatic infection, and almost
100% efficacy against severe infection and death for all three
vaccines®. There is less confidence about this because the trials
were not powered for severe infection and death as end-points.
Table 1 summarises these results.

The mRNA vaccines™® show much higher efficacy against

symptomatic infection than the ChAdOx1 nCoV19 vaccine. The

ChAdOx1 nCoV19 vaccine has published data on prevention of
asymptomatic infection, but measurement of this end-point varied
between the trial sites for that vaccine, and analysis was restricted to
UK sites. If sites which did not include weekly testing are excluded,
the efficacy of this vaccine appears to be between 38—50% against all
infection depending on which data are included in the calculation®.
There was no significant reduction in asymptomatic infection seen
with 2 standard doses of the Astra Zeneca vaccine. However, the
efficacy of the Astra Zeneca vaccine was 80% when two standard
doses were given at least 12 weeks apart®. Of mRNA vaccines, only
the Moderna vaccine trial included data on asymptomatic infection
demonstrating a reduction even after a single dose from 39 in
placebo to 15 in the vaccine group’. A post-licensure study in Israel
showed 92% efficacy of the Pfizer vaccine against all infection'®.
When vaccine development began in early 2020, the importance of
asymptomatic infection was not recognised — now thought to
account for up to half of infections''. This may explain the design
of clinical trials with symptomatic infection as the primary end-
point, when the end-point of interest for herd immunity is prevention
of all infection, which includes symptomatic and asymptomatic
infection. From an immunological standpoint, symptomatic disease
is prevented by good humoral and cell mediated immunity induced
by vaccination but immunity at mucosal surfaces in the upper airway
may also be important, a still poorly understood mechanism with these
current vaccines. The relative importance of systemic and mucosal

immunity for prevention of asymptomatic infection is unknown.
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Table 1. Published phase three clinical trial results of four vaccines.

Vaccine N subjects

ChAdOx1 nCoV-19 (Astra- Zeneca)*

23 848 in the efficacy analysis for standard dosing

VE symptomatic
infection

62.1% (66%) ~40-55%

(Gamaleya)”

BNT162b2 (Pfizer)® 43548 95.0% Data not available
mRNA1273 (Moderna)® 30420 94.1% Data not available
rAd26 and rAd5 heterologous prime-boost Gam-COVID-Vac 21977 91.6% (after 1 dose) Data not available

Prevention of all infection will prevent transmission, which
is necessary for herd immunity and elimination of infection. Elim-
ination and eradication are terms which have specific technical
definitions'?. Eradication means a pathogen is removed globally,
with smallpox being an example. Eradicable pathogens should
ideally have no animal host, an effective vaccine and minimal
asymptomatic transmission — all of which were met for smallpox.
Elimination is the prevention of sustained community transmission
in a country or region, and requires herd immunity. Outbreaks may
still occur, as we see with measles in Australia, but do not become
sustained'?. Australia has achieved WHO certified elimination of
measles and polio using vaccines'.

SARS-COV-2 is unlikely to be eradicable because of a presumed
animal host and substantial asymptomatic transmission. In the absence
of a goal for eradication by WHO, countries require technical defini-
tions for elimination with measurable end-points, including time
elapsed without community transmission, level of immunity and good
surveillance systems'>. When elimination and eradication are not
possible, “control” is the next best option to reduce the spread'”.

The most ambitious and aspirational goal of vaccination pro-
grams would be herd immunity and elimination of local transmis-
sion. Other goals would be prevention of severe infection and death,
which are important in countries experiencing a high incidence of
disease. Herd immunity is achieved when vaccination rates are high
enough to stop community transmission within a defined population
and protects the entire population, whether individuals have been
immunized or not, because the number of susceptible individuals is
too small for sustained transmission. The required population im-
munity for herd immunity (H) depends on the basic reproductive

number, R0, and can be calculated by the formula:
H = 1—(1/R0)

The higher the R, the higher the herd immunity required to
control disease, which is a key concept for control of infections
through vaccination. Figure 1 shows an elimination graph, and the
relationship of RO to required population immunity for herd immu-
nity, comparing measles (R0 15), smallpox (RO 3), SARS CoV 2
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Figure 1. Elimination graph — required population immunity for herd
immunity by RO value for measles, smallpox, SARS-COV-2 and the
N501Y mutant strain.

(R0~3)"%, and the N501Y mutant strains of SARS-COV-2, which is
estimated to be 75% more infectious than the D614G strain, which
was dominant globally for most of 2020'°. Vaccine escape has also
been shown against the South African B.1.351 variant, with efficacy
of 10% for the Astra Zeneca vaccine'’. Elimination of SARS-COV-2
is feasible with a high efficacy vaccine, but if highly transmissible
variants become dominant, this will require higher vaccine coverage
or even higher efficacy vaccines.

The concept of herd immunity arose from vaccination programs,
and yet has been subject to misinformation during the COVID-19
pandemic with theories of ‘natural’ herd immunity being possible by
allowing unfettered transmission of SARS-COV-2'%'?, An unmitigat-
ed second wave in Brazil demonstrated this to be false?’. Further, the
history of epidemic infections such a smallpox, measles and rubella in
the pre-vaccine era demonstrates that such infections do not eliminate
themselves by ‘natural herd immunity’ — instead, in the absence of
vaccines or other control measures, they cause substantial, cycling
epidemics which continue indefinitely”'. Ongoing cycling epidemics,
tempered by intermittent lockdowns and other non-pharmaceutical
measures, are also predicted for SARS-COV-2 without vaccines®>.

Full or emergency approvals have been granted in many countries
for vaccines, mostly those with phase three clinical trial data
published such as Pfizer, Moderna and Astra Zeneca vaccines.
However, some countries are rolling out vaccines such as Corona-
Vac (Sinovac) in Indonesia or Covaxin (Bharat Biotech) without

published phase three data.

MICROBIOLOGY AUSTRALIA « APRIL 2021

31



The choice of vaccine strategies for Australia and other countries

include:

» Mass vaccination
« Targeted vaccination (age or risk group)

« Ring vaccination

There may be vaccine shortages initially, so that targeted vaccine
is needed initially. Healthcare, aged care and hotel quarantine
workers who are at high risk of infection have been prioritised in
Australia, followed by groups at significantly higher risk of severe
disease, such as older adults>>. In Indonesia, young people have been
prioritised, as transmission is highest in young adults, so this strategy
will impact epidemic growth the most**. Alternatively, a ring
vaccination strategy could be used as a dose-sparing strategy. Ring
vaccination is the use of vaccines as post-exposure prophylaxis
(PEP) to close contacts of cases, who may have been exposed to
the virus. Many vaccines, such as measles, hepatitis A and smallpox
do have efficacy as PEP?, and are used for outbreak control.
Eradication of smallpox was achieved in the last remaining hot-
spot, India, using ring vaccination®®

SARS-COV-2 may mean there is efficacy as PEP, but no published

. The long incubation period of

data are available yet. We showed that ring vaccination would be the
best use of limited doses, if there is efficacy as PEP, and that targeted
vaccine strategies would have minimal impact on epidemic growth'.
However, herd immunity can only be achieved with mass vaccination.

We do not know yet if herd immunity is achievable. However,
given the RO of SARS-COV-2 in the range of 2—4'°, it should be
feasible with a high efficacy vaccine. If vaccine-induced immunity
wanes over time, booster doses may be an option. We do not know
the safety or efficacy of giving two different vaccines serially, and
this is not always straightforward. For example, conjugate followed
by polysaccharide pneumococcal vaccines provide immune boost-
ing, but the reverse causes a diminished response’’. Antibody
dependant enhancement (ADE)?® is another concern, and was seen
with MERS Coronavirus vaccines. The effect of serial administra-
tion of different vaccines on the risk of ADE is unknown.

For Australia, aiming for herd immunity requires choosing the
highest efficacy vaccines, and planning for at least 70% of the
population vaccinated'. A vaccine of less than 70% efficacy against
all infection is unlikely to achieve herd immunity, and a vaccine
that is very poor at preventing infection will result in ongoing
transmission of SARS-COV-2 in the community'. This will place
unvaccinated people and people who have vaccine failure such as
immunocompromised people, at risk of illness. Unpublished data
from Novavax show reduced efficacy for people with HIV infection,
for example. The risk of infected people in hotel quarantine is higher

now than in March or July 2020, given the pandemic is much worse

now. Therefore, the risk of breaches resulting in community out-
breaks is now higher. The burden of living with ongoing restrictions
and intermittent outbreaks points to the importance of a strategic
vaccination policy. Further, the risk of an outbreak of a more
transmissible variant is increasing, and such outbreaks will be harder
to control than any we have faced previously'®.

Vaccine escape is another concern, with unpublished data from
Novavax, Johnson and Johnson and Astra Zeneca showing reduced
efficacy against variants of concern, particularly the South African
and Brazilian variants. The Novavax efficacy in the UK is 95%
against G614 but 85% against B117, whilst in South Africa, efficacy
against B1351 was 60% (49% when HIV positive subjects included).
The Johnson and Johnson single dose vaccine was 66—72% in the
UK and US, but 57% against moderate to severe disease in South
Africa. However, the Astra Zeneca vaccine was reported to have
only 10% efficacy against the South African variant, prompting the
South African government to pause plans to roll out that vaccine. On
the basis of these developments, the WHO and COVAX have
stressed that vaccine manufacturers ‘must be prepared to adjust to
the SARS-CoV-2 viral evolution, including potentially providing
future booster shots and adapted vaccines, if found to be scientif-
ically necessary’?’. The emergence of vaccine escape mutants makes
the case for mass vaccination with high efficacy vaccines stronger, as
higher population immunity will reduce the selective pressure for
further variants to emerge.

For mass vaccination, a slow implementation of vaccine roll out
will result in the population living with COVID-19 longer and higher
morbidity and mortality'. If vaccination can be delivered at scale
rapidly, this will deliver the best outcomes. However, the logistics of
rapid delivery are complex and includes vaccination infrastructure,
adequate numbers of accredited vaccinators, mass vaccination
clinics, a communication and health promotion strategy and a high
capacity to deliver large numbers of vaccine doses rapidly.

While many countries have started their COVID-19 vaccination
programs, the last time any country conducted mass vaccination was
more than 40 years ago, for smallpox. Current EPI programs’ are
for infants. In Australia, for example, approximately 4-5 million
people a year are vaccinated under the National Immunisation
Program, including influenza vaccine for people aged 65 years and
over, but mass vaccination would require vaccination of 25 million
people. There is no living memory among people in the health
workforce on mass vaccination of all age groups. We have excellent
knowledge and experience of vaccinating infants and older adults, as
well as some high-risk groups. Working age adults are especially
challenging, as they are mobile and may not routinely seek health-
care®'. The infrastructure and skilled personnel requirements to

ensure rapid uptake of mass vaccination, rather than a slow trickle,



are significant. We need to be training and accrediting more nurse
and pharmacist vaccinators, making plans for public vaccination
clinics, ensuring widespread infrastructure for cold chain require-
ments, especially for vaccines that require deep freezing®?, and
working proactively on health promotion and communication to
ensure high acceptance of vaccination. We could also model the
capacity to vaccinate rapidly in each state and territory and expand
capacity accordingly. Given the number of good vaccine candidates
to come, and the unforeseen circumstances such as those which led
to the loss of the University of Queensland vaccine from the
Australian planned stockpile, we could diversify our vaccine port-
folio. We could also be using vaccines as PEP and collecting data on
effectiveness as PEP during outbreaks. Adverse events monitoring is
the final component of a vaccine program, as rare side effects
may only become apparent post-licensure. Public confidence
could be further enhanced with a no-fault vaccine compensation
scheme, which is a part of many vaccination programs around the

world™.
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Abstract.

The adaptive immune system, regulated by CD4 T cells, is essential for control of many viral infections. Endemic

coronavirus infections generally occur as short-term upper respiratory tract infections which in many cases appear to be cleared

before adaptive immunity is fully involved, since adaptive immunity takes approximately 1.5-2 weeks to ramp up the response to

a primary infection, or approximately 1 week for a recurrent infection. However, the adaptive immune response to SARS-CoV-2

infection will be critical to full recovery with minimal long-lasting effects, and to either prevention of recurrence of infection or at

least reduced severity of symptoms. The detailed kinetics of this infection versus the dynamics of the immune response,

including in vaccinated individuals, will largely determine these outcomes.
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Introduction

SARS-CoV-2 is the third highly pathogenic coronavirus zoonosis
from bats, which have evolved interferon and adaptive immune
responses that allow many such viruses to co-exist without disease,
but still permitting transmission'. In humans, transmission of SARS-
CoV-2 to other individuals will typically occur at the peak of viral
load in the first 5 days of symptoms>.

Innate immunity

The earliest mechanism combating an acute, short-lived viral infec-
tion of an epithelial barrier, such as with SARS-CoV-2, involves

type-1 and type-III interferons (IFN-I and IFN-A)°, prior to the

adaptive immune response. Therefore, the first phase of the current
pandemic is likely due to sufficient evasion of the early IFN
response. Amongst patients with severe life-threatening pneumonia,
3% have inborn genetic errors in the IFN-I response pathway”, and
13% have autoantibodies that prevent IFN-I signalling’, much
higher rates than in the general population. Also, it has been reported
that COVID-19 patients with severe disease have lower®, or delayed
IFN production’®, consistent with evidence that exogenous IFN can
limit coronavirus replication in vitro, and that these viruses have
non-structural proteins that help evade and antagonise innate
immunity”'°.

Highly specialised circulating plasmacytoid dendritic cells

(PDCs) also sense dsRNA and produce large amounts of exogenous
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