Vaccines

Variants:

Comparing Apples and Oranges

Text by Dr Wong Sin Yew and Dr Loh Jiashen

We are now just over 20 months into
the COVID-19 pandemic and the
amount of scientific data published has
been nothing short of overwhelming.
The same sets of data have at times
been cut and spliced with different
interpretations, conclusions and
opinions. Clearly, in generating public
health policies to move the country
forward, it is not just the science that
is needed, but political and economic
considerations as well. There is no
standard playbook to follow and we
have already experienced how policies
are constantly evolving. So, let us
continue to follow the science with a
short summary of the current status of
vaccines and SARS-CoV-2 variants.

What’s new in COVID-19 vaccines?

In the last six months, national COVID-
19 vaccination programmes have
demonstrated effectiveness in slowing
the rampage of the pandemic. The
pandemic’s global scale has also resulted
in different vaccine developments in
different countries, many having diverse
modes of action, efficacy and safety data
against SARS-CoV-2. The main classes

of COVID-19 vaccines are mRNA, viral-
vectored DNA, inactivated virus and
protein subunit.

The general structure of an mRNA
vaccine is an optimised mRNA sequence
in a lipid capsule. Delivery occurs via
passive fusion of the lipid capsule with
the cell membrane and delivery of the
spike protein mRNA into the cytosol.

Viral-vectored DNA vaccines, like the
Oxford-AstraZeneca, Russian Sputnik V,
and Johnson and Johnson (J&J)
vaccines, deliver their DNA via the
cell entry mechanism intrinsic to the
carrier adenovirus. However, since the
pathogenic genes are removed and
replaced by the DNA of interest, no
further viruses may be produced by the

host cell, which transcribes and translates
the DNA into the protein of interest.

Inactivated virus vaccines, like Sinovac
and Sinopharm, deliver an inactivated
SARS-CoV-2 virus to the immune system
to generate immunity.

A protein subunit vaccine delivers
the protein of interest embedded in
a lipid capsule and in a form similar
to that presented by SARS-CoV-2. An
adjuvant has been added to enhance
the immunological response for such
vaccines. mRNA and protein subunit
vaccines present a spike protein
molecule in a prefusion configuration to
the immune system.

Vaccine efficacy

The discussion of efficacy of COVID-19
vaccines must be appropriately preluded.
Firstly, the efficacy against asymptomatic
and symptomatic infections, hospitali-
sation, severe disease and death should
be clearly stated when quoting efficacy.
Secondly, heterogeneity in health-
seeking behaviour, healthcare access
and trial protocols greatly influence the
transmission risk of infection in vaccine
trials. Thirdly, vaccine trials done in
different parts of the world at different
times bear the pressure of different virus
variants which may again nuance the
discussion of efficacy. Lastly, phase Il
trials describing vaccine efficacy should
be distinguished from real world data
describing effectiveness. While efficacy
is calculated from rigorously conducted
randomised placebo-controlled trials,
effectiveness reflects real world
application of a vaccination programme,
with all the attendant compromises

of reality such as disrupted cold chain,
administrative flaws and reporting of
infected cases using active or passive
surveillance methodologies.

In phase lll trials, the Pfizer-BioNtech,
Moderna, AstraZeneca and Sputnik V

vaccines quoted 95%,' 94%,? 90%?3 and
91%?* efficacy respectively against
symptomatic infection in late 2020, prior
to the rise of the highly transmissible
Delta variant.® With the exception of the
AstraZeneca vaccine, these trials were
not conducted in South Africa, where the
resistant Beta variant circulated near the
end of 2020. Late to join the pack, the
Novavax protein subunit vaccine offered
86.4% efficacy against the Alpha variant
and 96.4% against non-Alpha variants.
Yet the breakdown of the non-Alpha
variants was not detailed in the study
nor in the supplementary appendix.t

INSIGHT

Most vaccines available so far quoted
high efficacy in preventing serious illness
and death.™ 8 The unique single dose J&J
vaccine displayed 81.7% efficacy against
severe COVID-19 in South Africa, where the
resistant Beta strain circulates.? Local data
at the time of writing showed that 100%
of patients fully vaccinated with mRNA
vaccines who were infected with COVID-19
in the past 28 days displayed no or mild
symptoms, with none requiring oxygen
or intensive care.” Real world data in Israel
which deployed the Pfizer-BioNtech vaccine
closely replicated the phase Ill trial results.

Phase Ill data involving the Sinovac
vaccine recently became available.
Unpublished vaccine efficacy in earlier
trials in Brazil, Indonesia and Turkey
quoted 50.7%, 65.3% and 91.3%
respectively.'® A more recent trial of a
mass vaccination effort in Chile quoted
a vaccine effectiveness of 65.9% against
laboratory-confirmed COVID-19 and
86.3% efficacy against death. This is,
however, undermined by the similar
incidence rate of death between the two-
dose vaccinated arm and the unvaccinated
arm, casting significant doubt about the
86.3% efficacy against death.'® Further
undermining this data is the phase
Il finding that vaccinated individuals
mounted lower neutralising antibody titres
than convalescent patients." As important
as efficacy is the longevity of vaccine
coverage. This was highlighted by Nicole
Doria-Rose et al'? who found high titres
of neutralising antibodies in all 33 healthy
study adults, six months after completing
the Moderna mRNA vaccine.

Vaccine side effects

Vaccine safety is a major concern. The
principle that the delivery of a therapeutic
product in a completely healthy individual
should rightfully not cause any harm,
though sound in normal settings, could
be challenged in a global pandemic of a
transmissible lethal disease. It thus follows
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that the tolerance for some side effects
must be contextualised in the ongoing
pandemic. Most local vaccine reactions
and mild systemic side effects like
fatigue, fever and malaise do not require
detailed discussion, and are generally
short lasting and of mild to moderate
intensity. Three notable adverse effects
deserve special mention: the thrombotic
thrombocytopenia observed with the
AstraZeneca and J&J vaccines, and
myocarditis and anaphylaxis with mRNA
vaccines in young persons.

The thrombotic thrombocytopenia
observed with some of the adenovirus
vector vaccines is pathologically
synonymous with heparin-induced
thrombocytopenia. Both vaccine- and
heparin-induced thrombocytopenia are
defined by the presence of the platelet
factor 4 heparin antibody. In vaccine-
induced thrombotic thrombocytopenia,
central venous sinus thrombosis
(CVST) is the most prominent disease
manifestation, with CVST and other
thrombotic events occurring in nine out of
11,and 13 out of 23 patients in a German'3
and English™ cohort respectively, all within
five to 24 days of the first dose of the
AstraZeneca vaccine. Treatment is strict
avoidance of second dose, institution
of nonheparin-based anticoagulation
and intravenous immunoglobulins.

The mortality rate is high - 30% in the
English cohort and 54.5% in the German
cohort. This side effect is extremely

rare and a large Danish and Norwegian
study' found 11 excess events of venous
thrombosis per 100,000 vaccinations
with the vaccine. This low rate allowed
most countries to continue vaccination
with the AstraZeneca vaccine, now made
vigilant of this side effect.

Myocarditis has been reported in young
men after the second dose of mMRNA
vaccination. The rate of this rare side effect is
difficult to establish but ranges from four in
560,000 persons who have completed the
second dose’® to 23 in 2.8 million doses."”
Most cases occurred within five days after
the second dose,'®'” and are mild and
recover uneventfully after supportive care.

Anaphylaxis mostly occurred within
30 minutes after the first dose of
vaccinations. The latest reported rates
are 4.7 and 2.5 cases per million doses
for the Pfizer-BioNTech and Moderna
vaccine respectively. For context, this
is still considerably higher than the 0.1
cases per million doses reported for the
influenza vaccine. Women and people with
prior allergies are more likely to develop
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anaphylaxis. Most importantly, no deaths
after anaphylaxis were reported.'

SARS-CoV-2 variants:
Delta everywhere

The Delta variant, previously named
B.1.617.2, was first discovered in February
2021. Since then, it has rapidly gained
prominence in most regions of the world,®
including Singapore. A national case-
control study by Public Health England
(PHE) found the odds of household
transmission with the Delta variant to be
1.66 (95% Cl 1.26-21.4, p<0.001) compared
to the Alpha variant, constituting a

66% increase in transmissibility.’ Local
statistics by the Ministry of Health?® at the
time of writing reported 2.8% of cases
ever requiring oxygen and 0.4% of cases
ever requiring intensive care among
unvaccinated patients. This compares
favourably to the 28% of cases requiring
oxygen and 16% requiring intensive care
in a paper reporting 92 cases of wild-
type COVID-19 in Singapore between
January and March 2020.° Despite this,
the increased transmissibility of the

Delta variant has resulted in devastating
outbreaks, overwhelming the healthcare
systems in many countries.

Locally, the Delta variant is the
predominant COVID-19 variant. Vaccine
efficacy against the Delta variant
remains an important question that
may be answered in the form of non-
peer reviewed reports and preprint.

An important starting point is the data
from the UK demonstrating Pfizer-
BioNtech’s 87.9% two-dose efficacy
against the Delta variant compared

to AstraZeneca'’s 66.1%. Importantly,
the efficacy after one dose of Pfizer-
BioNtech and AstraZeneca vaccine was
only 33% against the Delta variant.?’
This strongly undermined the delayed
second dose strategy employed in
many countries earlier this year. PHE
also released a preprint demonstrating
Pfizer-BioNtech's 96% two-dose efficacy
against hospitalisation compared to
AstraZeneca’s 92%.2? A local paper
reported two-dose mRNA vaccination
to be only 69% effective against
infection?® by the Delta variant. Do note
that the earlier data by PHE examined
symptomatic infection while the local
data examined infection as the main
outcome. This figure is concerning
because a 69% vaccine efficacy raises
the proportion of vaccinated population
required to achieve herd immunity to
95%, assuming an RO of 3. Since children

younger than 12 years are currently not
eligible for vaccination, herd immunity is
now mathematically impossible. This also
means that vaccination for prevention of
infection can no longer be the principal
objective. The focus of the national
vaccination programme must be for the
prevention of severe illness and death.

Endless variants or
convergent evolution

The appearance of COVID-19 variants

is a direct consequence of its rampant
spread.?* So binding is the relationship
between viral load and new mutations
that even in a single person with persistent
viremia, accelerated viral evolution may

be observed.> Mutations are random,

but retained mutations are not. Retained
mutations provide viruses with new
characteristics aimed at overcoming
selective pressures. The greatest selection
pressure faced by a virus is its inability to
transmit more efficiently than before. Most
mutations are also deleterious for the virus.
Within each host, mutations may only
occur during viral replication. In the case of
SARS-CoV-2, each infected case can only
afford relatively few replication cycles as
the disease is acute and short-lasting.?

Convergent evolution describes
the phenomenon where different
independent lineages of viruses develop
analogous mutations, resulting in
lineages that are increasingly alike.
Various lines of evidence support
convergent evolution. After passaging
a patient-isolated virus in a mouse
adaptation model for 36 passages, two
mutations that arose, K417N and N501Y,”
were also found in the beta and gamma
variants that arose on opposite sides of
the Atlantic Ocean. E484K mutations have
also arisen independently in beta and
gamma variants and confers decreased
viral susceptibility to vaccine-induced
antibodies.?® Whether such evolutionary
pressures are created by post-infection
seropositivity, vaccine-induced antibodies
or simply a natural process to become
more adapted to human hosts is
currently unclear. The fact that the same
mutations are arising independently in
different parts of the world to increase
viral fitness and survival is the strongest
evidence of convergent evolution. The
clear implication is that convergent
evolution could potentially decrease the
variability in the spike protein, allowing
subsequent vaccine candidates to be
more precise and retain longer or even
permanent relevance.



Other considerations

There are many other areas of interest
not elaborated on and these include:

1. Coupling of community vaccination
rates with reopening of the economy.
We are looking closely at the UK
“Freedom Day” which started on
19 July 2021.

2. Heterologous vaccination schedule.
There is increasing interest in deter-
mining if using different COVID-19
vaccines may produce a more robust
humoral and cellular immune response.

3. Booster doses. The role of “third”
doses of mRNA vaccines in
immunocompromised patients are
actively being pursued and we are
likely to see more clarity on this issue
in the coming months.

4, What will future versions of vaccines
look like? Changing the mRNA

or protein subunit to deal with
variants will not be technically
difficult in the current platform.
Other considerations include adding
influenza into the mix to induce
immunity against both SARS-CoV-2
and influenza with the same shot.

Conclusion

The onslaught of new variants
worldwide threatens the efficacy of
our vaccines, especially in acquisition
of “new” infections. In discussions

on comparative efficacy, we need to
ensure that we are not comparing
apples and oranges. As in all other
communicable diseases, we maintain
that widespread vaccination with its
beneficial effect in reducing severe
disease and death remains as the
principal public health strategy against
the COVID-19 pandemic.
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