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Public health professionals and clinicians, in many countries, are immersed in the ongoing and upcoming
vaccination programmes for COVID-19. Published information from vaccine trials is complex. There are
important and helpful insights about the nature of the available and forthcoming vaccines, immune
responses and side-effects from phase II trials. We have systematically summarised information from 10
such trials on the nature of the vaccines, exclusions from the trials, immunological effects and side-

Keywords: effects. Some important information within these trial reports is not available in the phase III trial ar-
Public health . . . . . .
Vaccine ticles, so a complete picture requires examination of phase Il and phase III trials for each vaccine. We
Vaccination recommend our systematic approach for the examination of other upcoming COVID-19 vaccine phase II
COVID-19 and III trials.

SARS-CoV-2 © 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction becoming available to health professionals or the public either in

The COVID-19 pandemic is having a serious impact on physical
and mental health, the social order and economic development
worldwide, with the long-term primary solution being population
(herd) immunity through vaccination, with a contribution from
natural infection particularly in children and young people, for
whom vaccines will not be available in the foreseeable future.!

Governments, public health agencies, scientists and the media
concur that a global return to normality will require swift pro-
duction and administration of safe and effective vaccines to willing
and cooperative populations.>> There are reasons for optimism, not
least the speed with which scientific advance is occurring,*
including the number and variety of clinical trials of vaccines
which are in progress at all of phases I, Il and IIL.° There are more
than 200 individual trials registered to date.®° Three vaccines,
commonly known as the BioNTech-Pfizer, Moderna and AstraZe-
neca (Oxford) vaccines, have gained emergency approvals based on
phase III trials. Other vaccines gained approval before phase III trial
information was publicly available (e.g the Indian Bharat Biotech
vaccine).” The extremely promising results of phase III trials are

* Corresponding author.
E-mail address: sunil.bhopal@newcastle.ac.uk (S.S. Bhopal).

https://doi.org/10.1016/j.puhe.2021.01.011

academic journals or regulatory agencies' websites.® Phase Il trials
are extremely complex and outside the scope of this article, but
results for the Moderna phase 111,° Oxford'® and Pfizer-BioNTech !
trials have recently been published.

We have synthesised the published results of phase I COVID-19
vaccine trials, including the nature of the vaccines, the design of the
trial, exclusions, benefits relating to immunity and adverse events.
In this article, we provide an overview in an easily accessible way to
inform the public, healthcare workers, scientists and policymakers.
In the Supplementary file, we provide simplified versions of the
detailed tables in our preprint.'?

Phase II trials, vaccines and immunological outcomes

The phase II trials were based in the United Kingdom,' Russia,*
China,”'® the United States'”?°, Australia,”! Germany?’> and
Belgium?® and involved 3929 participants, none of whom were
younger than 18 years, with very few in the oldest age groups. The
trial characteristics and immunological outcomes are summarised
in online Supplementary Table 1. Box 1 indicates the nature of the
vaccines, and Box 2 provides some details on the participants. All
vaccines were given by intramuscular injection. Excepting the two
mRNA vaccines from Pfizer, the vaccines underwent standard
development methods (Box 1). The AstraZeneca trial was an

0033-3506/© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
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Box 1
Biological nature of the vaccine candidates.

1) Inactivated SARS-CoV-2 vaccines'® "/

2) Viral vector vaccines'®'#18:20 (genetically engineered
virus to produce coronavirus proteins to generate an
immune response)

3) RNA vaccines'®?? (genetically engineered RNA used to
generate a protein to prompt an immune response)

4) Protein-based vaccines?’ (fragments of protein mimic
the COVID-19 virus)

Box 2
Characteristics of the participants in the trials.

The number of participants ranged from 20 to 1077
(Supplementary Table 1), the largest number vaccinated
being 634.%°

There were 1918 men and 2055 women.

Most trials recruited participants aged between 18 and 60
years (none younger than 18 years).

The mean or median age of participants ranged from 26.4
years'® to 43.5 years,"® with few in older ages.

exception in using another vaccine (meningococcal) as a control. All
vaccines produced detectable neutralising antibodies, and T-cell
responses were found where measured.

There were a multiplicity of reasons for exclusion from trials,
which are summarised in online Box 3. Details on each trial are
available online."”

Adverse effects of the vaccines in ten phase II trials

Side-effects were common but were highly variable across
vaccines, with few side-effects reported for the Sinopharm and
Sinovac vaccines (online Supplementary Table 2 and online Box 4).
Publications rarely reported the duration of side-effects, but they
were presumed to be mostly transient.

There were five reported serious adverse events, one of which
was deemed to be vaccine related; this participant was hospitalised
with fever because of suspicion of COVID-19 infection
(Supplementary Table 2). Some serious adverse events have been
reported in ongoing phase III trials, as discussed in the following
section.

Insights and implications for public health professionals and
clinicians delivering or preparing for vaccination programmes

Given the importance of COVID-19 vaccination for exiting
pandemic restrictions, public health and clinical professionals
across the world need to plan in advance of publication of phase III
trials, not least because some vaccines are being implemented on
the basis of phase II trials. However, only phase IIl and IV trials can
provide important information on whether vaccination protects
recipients from acquiring disease, or reduces the severity of ac-
quired disease (especially death), and whether it prevents or re-
duces transmission. Definitive information is mainly on efficacy in
reducing severity.”~!'! Phase II trials provide important additional
insights. They indicate that an immune response is produced with
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all 10 vaccines considered, which provides optimism in relation to
the numerous vaccines under development.

Vaccine recipients need to know the range of side-effects and
judge that these are commensurate with the benefits in pre-
venting the disease and its adverse effects. The public and patients
justifiably have questions about side-effects. Fortunately, high-
quality evidence on common, short-term side-effects is available
in phase II trials. Side-effects are common with most of the vac-
cines and mimic COVID-19 symptoms. The variability of side-
effects across vaccines, and notably their low prevalence in the
Sinopharm and Sinovac vaccines (Supplementary Table 2), needs
exploration. Such side-effects are likely to be acceptable to those
in the most vulnerable age and comorbidity groups, but possibly
less so in previously healthy children and young people, especially
as no trial has recruited people younger than 18 years, AND
BECAUSE the disease is usually asymptomatic, mild and self-
limiting in young people (aged 18-25), although serious
morbidity and even death does occasionally occur.?>2® The
common side-effects mimic COVID-19, with one report of hospi-
talisation with possible COVID-19 after vaccination (Johnson and
Johnson vaccine),?° raising questions about differentiating cases
of the disease from vaccine symptoms shortly after vaccination.
The implications of transient neutropenia and lymphopenia need
monitoring.

Serious adverse effects seem to be rare. Even current phase III
studies are not likely to quantify accurately rare serious events, and
ongoing large pharmacovigilance studies will be required, particu-
larly because even phase III trials were not conducted with the
population that is being vaccinated first (older people and those
with comorbidities).>’ In light of these facts, doctors in Norway have
been advised by the Norwegian Medicines Agency to more thor-
oughly consider risks and benefits of COVID-19 vaccines for frail,
elderly people because of 23 deaths in the frail elderly possibly
related to vaccination.?® Investigations to understand this further
are ongoing.

In some vaccination strategies, including those for influenza,
children are vaccinated to increase herd (population) immunity,
offering indirect protection for everyone. Presently, given these
vaccines are not being tested in children younger than 18 years, it is
unlikely to be recommended in this age group until appropriate
child-specific research has been carried out.? Current plans in the
United Kingdom are not to vaccinate the whole population, but to
focus on those older than 50 years and those providing health care,
social care and front-line services.

There are concerns that a COVID-19 vaccine could cause
antibody-dependent enhancement on exposure to challenge or
community exposure to the virus.>? Previous trials have indicated
that Ad-5 vector vaccines might increase the risk of HIV infection in
men in particular,’! and this will need close monitoring.

Notwithstanding the finding of about 90% or more effectiveness
of the BioNTech-Pfizer!' and Moderna vaccines,’ the finding of
about 70% effectiveness of the Oxford vaccine'” and reports of
similar results of the Sputnik vaccine (no published results avail-
able at the time of writing), governments are emphasising the need
to observe control measures, especially through the 2020 winter
period.

Our synthesis of phase II trials highlights some of the clinical
and communication challenges that need to be surmounted to
allow widespread vaccination in 2021. These observations may help
inform researchers, public health specialists, policymakers and the
public in relation to preparing for the forthcoming vaccination
programmes. Finally, vaccine trials are being led from Europe, the
United States, Australia and China, so further trials will be needed
in other contexts including Africa, given the different age structure
and impact of disease.*
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Key messages

Public health professionals and clinicians need information
about the nature of the vaccines, exclusions from trials, the
common side-effects and the impact on immunity to help
inform the public, patients and vaccination strategies and
plans.

A multiplicity of vaccines will become available in 2021, but
currently, information from phase Il trials has only been
published for three vaccines and is complex.

Ten phase Il publications provide insights into public health
and clinical purposes that are complementary to phase Il
trials, e.g., on the nature of these vaccines, exclusions from
trials, their effects on immunity and side-effects. Phase Il
trials enrolled no one younger than 18 years and very few
people older than 80 years, and there were many reasons
for exclusion.

Vaccines of several types, some using novel methodolo-
gies, produce immune responses, indicating that there will
be many other successful vaccines in the near future.
Side-effects were mild or moderate but common,
mimicking the symptoms of COVID-19, i.e., muscle ache,
fatigue, fever and headache, posing challenges for clini-
cians in differentiating these adverse effects from COVID-19
illness and managing patients after vaccination.

Our approach to systematically tabulate information should
now be applied to all trials. This is a task for an international
agency such as the World Health Organization.
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