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Abstract
In the current era of the COVID-19 pandemic,
the world has never been more interested in the
process of vaccine development. While researchers
across the globe race to find an effective yet safe
vaccine to protect populations from the newly
emergent SARS-CoV-2 virus, more than one-third
of the world has been subjected to either full or
partial lockdown measures. With communities
having felt the burden of prolonged isolation,
finding a safe and efficacious vaccine will yield
direct beneficial effects on protecting against
COVID-19 morbidity and mortality and help
relieve the psychological and economic load on
communities living with COVID-19. There is hope
that with the extraordinary efforts of scientists
a vaccine will become available. However, given
the global public health crisis, development of
a COVID-19 vaccine will need to be fast tracked
through the usual prelicensing development stages
and introduced with limited clinical trial data
compared with those vaccines that are developed
conventionally over more than a decade. In
this scenario, surveillance of the vaccine in the
real world becomes even more paramount. This
responsibility falls to observational researchers
who can provide an essential safety net by
continuing to monitor the effectiveness and
safety of a COVID-19 vaccine after licensing.
Postauthorisation observational studies for
safety and effectiveness are complementary to
prelaunch clinical trials and not a replacement.
In this paper, we highlight the importance of
postmarketing studies for future newly licensed
COVID-19 vaccines and the key epidemiological
considerations.

Vaccine development considerations for
COVID-19
The normal process for developing a vaccine is
broadly similar to drug development. It is lengthy
and can take 10–15 years.1 Animal studies follow
chemical and biological development researching
the immune response; the vaccine is then tested in
humans in phases I–III clinical trials.2 Assessing
the efficacy of a vaccine in phase III studies takes
longer than medicines because the outcomes are
not simply the beneficial effects of a drug on a
disease but a combination of examining effects
on biomarkers, for example, antibodies, and the
reduction in the incidence of developing the

disease compared with people who were not vaccinated. Furthermore, as vaccines are given to large
numbers of healthy individuals over a short period
of time, testing in larger cohorts is required with
often a greater emphasis on detection of adverse
events than with medicines.3
The usual process of vaccine development
has been considered too slow and impractical in
pandemics such as COVID-19.4 Initial modelling
by the Imperial College COVID-19 Response Team,
given an estimated R0 of 2.4 (in the scenario of
an absence of any control measures or individual
behaviour changes), predicted infection in 81%
of Great Britain (GB) and US population, with an
estimated 510 000 deaths in GB and 2.2 million
in the USA.5 However, recent preprint evidence
suggests lower infection fatality rate (IFR) than
speculated in the early days of the pandemic; a
review of population-based seroprevalence studies
suggest a median IFR of 0.24%.6 Where in an ideal
world vaccine development would involve several
years of rigorous clinical trials, in reflection of a
potentially highly contagious virus pandemic with
predicted high mortality and serious morbidity,
the process has been prepared to be dramatically
shortened. With the uncertainty surrounding
COVID-19, the hope is to develop, test and release
a vaccine within 12–18 months.2
Accelerated vaccine development for COVID-19
includes the evaluation of novel vaccine mechanisms; advances in genetics and biotechnology are
contributing to this innovation, with the production of gene-based vaccines made from DNA or
messenger RNA focusing on the spike protein
(S-protein).7 To date, more than 176 vaccine
candidates have been proposed globally with 34
in clinical evaluation and 142 in preclinical evaluation.8 Expedited advancement of these vaccines
has resulted in animal studies and phase I human
clinical trials occurring in parallel and progression
to phase II trials before results of phase I trials
evaluating adverse events are publicly released;
additionally, fast-tracking through phase II and III
clinical trials is also foreseen.2 9 However, a fast
track phase II/III approval trial of 6 months or
less could potentially miss changes in serum antibodies that occur after longer periods post immunisation; a MERS-CoVphase I trial vaccine trial
showed a disappearance in spike-specific binding
antibodies at month 6.10 Thus, considerable shortening of phase II and III randomised controlled
trials in the development and testing of COVID-19
vaccines could potentially miss important results
related to safety and efficacy. Furthermore, to
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Postmarketing studies: can they provide a safety net
for COVID-19 vaccines in the UK?

EBM analysis

►► The risk of advancing vaccines expeditiously

through the premarketing schedule versus the
benefit of having a vaccine available needs careful
balancing.
►► Fundamentally, it is important that the speed of
vaccine development does not come at the cost of
vaccine safety and effectiveness.
►► For COVID-19 vaccines, with regulatory agencies
engaging with vaccine developers much earlier than
usual, an accelerated regulatory approval pathway
is possible, even likely, whereby the vaccine
may be licensed as soon as efficacy is proven
but with conditions of extensive postmarketing
surveillance.17 26

circulation falsely attributing low rates of COVID-19 hospital
admissions or deaths to vaccine effectiveness. For this reason,
postmarketing studies need to be designed with such considerations in mind.
Secondly, with limited premarketing data, obtaining real-time
notification on lack of efficacy and safety of the vaccine when
used routinely in the population is pivotal in ensuring early detection of signals that may arise during vaccination programmes.
This allows regulatory agencies and other stakeholders, where
necessary, to respond quickly to ensure that the vaccine retains a
favourable benefit–risk profile.

Postmarketing studies for COVID-19 vaccines

Active versus passive surveillance methods
While national passive surveillance (eg, spontaneous reporting
systems of suspected adverse drug reaction) is commonly used
to detect vaccine-related signals, it relies on the cooperation of
healthcare professionals (HCPs) or patients to spontaneously
report the occurrence of safety and/or effectiveness outcomes.
For seasonal influenza in children, Fluenz Tetra vaccination
programmes have been evaluated successfully using postmarketing studies with passive methodology (including enhanced
passive surveillance) since 2015, after an initial pilot study in
2014.14 However, for a COVID-19 vaccine, it would be implausible
to rely solely on spontaneous reporting or other passive systems;
instead an active surveillance method is considered superior to
passive methods.
Active methods involve organised data collection (primary or
secondary) at specific time points on all vaccinated individuals
participating in a study, irrespective of whether they experienced
an adverse event or subsequently developed the disease for which
the vaccine was indicated. Drawing experience from previous
pandemics can assist in the development of COVID-19 active
surveillance methods. During the 2009–2010 global H1N1 influenza A (swine influenza) pandemic, active surveillance using a
prospective cohort study monitored self-reported serious adverse
events and pregnancy outcomes in patients offered swine influenza vaccination; no significant safety issues were identified.15
For a COVID-19 vaccine, advanced active surveillance is likely
to provide the most scientifically robust method for identifying
potential safety or effectiveness concerns with real-world use.
Figure 1 summarises a proposed example of active surveillance
for COVID-19 vaccines in the UK; a prospective cohort study with
the aim to monitor the uptake, safety and effectiveness of the
vaccine by using both primary (from vaccinees) and secondary
(from HCPs) sources of data. This organised collection of data, as
opposed to relying on voluntary reporting, reduces the potential
for under-
reporting and bias. Furthermore, obtaining information from both vaccinees and HCPs allows for more comprehensive identification of outcomes and supports validation, thereby
improving quality of reports.

Premarketing uncertainties can be addressed in postmarketing
studies (predominantly observational).13 Firstly, from a public
health perspective, it is equally relevant to study how efficiently
a vaccine reduces the incidence of disease in natural conditions
of use in the population (effectiveness) in addition to its efficacy tested in the restricted conditions of clinical trial settings,
comparing vaccinated with non-vaccinated individuals. Furthermore, effectiveness is dependent on vaccine potency, the performance of vaccine immunisation programmes and other factors
that may influence the disease risk itself, such as seasonality. It
is not possible to evaluate these during expedited premarketing
development, but careful consideration is required in the postmarketing phase, in particular with seasonal changes in viral

Study design considerations
Availability and use of unvaccinated comparator
The more familiar vaccine effectiveness evaluation methods
involve comparing disease incidence between vaccinated and
unvaccinated groups (cohort studies) or comparing rates of vaccination between infected cases and uninfected controls (case–
control studies).16 For pandemics such as COVID-19, where it
is expected that vaccination coverage in a population will be
high, traditional methods for evaluating vaccine effectiveness
may not be suitable due to the lack of availability of an unvaccinated comparator group and the associated ethical considerations. If, as a result of a gradual tiering system for vaccination

detect events occurring at a low frequency (eg, <1/10 000), a
phase III trial would likely need to enrol at least 60 000 individuals, with half in the control arm.11 This will not be feasible for a
COVID-19 vaccine, as trial cohort sizes will be smaller and period
of observation shortened. Thus, it is anticipated that the release of
a vaccine will be based on favourable effects on biomarkers and
less premarketing clinical data compared with standard marketing
authorisation applications for vaccines (box 1).
Nevertheless, the quality, efficacy and safety of COVID-19
vaccines fast-
tracked through the premarketing stage must be
equal to vaccines developed using the standard method. It is a
regulatory requirement that the marketing authorisation process
for all vaccines and medicines include a risk management plan
(RMP), which addresses important potential risks, important identified risks and missing information that are identified at the
time of granting marketing authorisation.12 If the RMP includes
proposals for postauthorisation safety and/or efficacy studies
(which is the case in nearly all new vaccines and medicines), these
are required to be done with agreed milestones. The timing and
frequency of interim reporting and the completion of the final
study report depend on the impact on the benefit/risk balance of
the issue being monitored. Early and frequent interim reporting is
expected to be necessary for vaccines and medicines for COVID19. While RMPs are required for each individual product, where
necessary a single postauthorisation study can include examining
the safety and/or efficacy of more than one product, this may
be necessary for COVID-19 vaccines if they will be administered
during the same period.
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Box 1 The path to COVID-19 vaccine licensing,
linking premarketing and postmarketing activities

EBM analysis

in the UK

Study team liaises with NIHR networks

Vaccination sites administering the COVID-19 vaccine are invited to participate in the surveillance
programme through an established centralised mechanism co-ordinated by the UK NHS NIHR CRN

Vaccination sites likely to
include sites other than GP
practices and schools (e.g.
pharmacies and places of
work)

Enrolled vaccination sites provide regular updates (e.g. weekly) to the study team on the number
of individuals vaccinated

Individuals vaccinated within the enrolled vaccination sites are invited to participate in the
surveillance programme

Consented vaccinees and the HCP are invited to complete an enrolment data collection form
(DCF) at baseline to collect information on the vaccine and vaccinee

Further DCFs are sent to every vaccinee to complete after a pre-defined period(s) of observation;
information on safety and effectiveness outcomes collected

DCFs are also sent to the vaccinee's HCP (e.g. GP) to complete as per the pre-defined period(s) of
observation; data is abstracted from the patient's medical records onto the DCF

DCFs from the vaccinee and HCP are returned to the study team

Data on the DCF is evaluated by the medical team and processed onto a study specific database

Events of interest (e.g. safety, occurrence of disease) are followed up further with the vaccinee
and/or their HCP

Weekly assessment of data performed and communicated to relevant stakeholders

Data analysis, summary update reports and final reports produced

Vaccinees are provided with a
patient information sheet and
informed consent is obtained
DCFs will be in electronic
format and administered by
surface mail, text message,
email linking to a bespoke
study website or mobile
phone app
Vaccine details: e.g. vaccine
type, batch number, date of
vaccination
Vaccinee details: e.g.
demographics, recent prior
vaccination history, comorbidities, medication

DCFs can be sent at multiple
periods of observation (e.g.
14 days for safety
outcomes, 6 months for
effectiveness). All vaccinee
data will be linked to the
administered vaccine batch
number

Safety details: e.g. adverse
events, date of event,
clinical description,
seriousness, management,
final outcome
Effectiveness details: e.g.
occurrence of disease,
signs and symptoms, date
of onset, confirmation of
diagnosis, method of
diagnosis, illness duration,
management, final
outcome, notification to
relevant authorities

Figure 1 Example of study flow for a COVID-19 active surveillance postmarketing study in the UK. CRN, Clinical Research Networks; HCP, Healthcare
professional; GP. General practitioner; NHS, National Health Service; NIHR, National Institute for Health Research.

whereby prioritisation is made for certain groups (eg, at-
risk
individuals, HCPs and older people) before reaching full vaccination coverage, an unvaccinated group is available, comparison
of vaccinated groups to the unvaccinated population may not be
appropriate due to different population characteristics with the
potential for significant confounding and biases. Frequent sources
of confounding include age, comorbidities, socioeconomic status
and other factors that may influence the probability of being
vaccinated or occurrence of certain adverse events postvaccination. Lastly, timeliness of results from comparative studies may
be unacceptable for pandemics such as COVID-19, which demand
urgent public health information.

In such scenarios, implementation of a faster and more responsive study design can address gaps in evidence in the immediate
postmarketing period; an example of this is measuring disease
incidence in vaccinees only. For a study on a COVID-19 vaccine
for which there is a need to study both safety and effectiveness,
in real time, a conventional cohort design of vaccinated individuals only may be appropriate (figure 1). Nonetheless, single-arm
studies possess methodological challenges that require the same
careful consideration in terms of statistical analyses as other
study designs. Stratification by variables and powering the study
adequately for subgroup analyses can provide further insight to
potential differences in effectiveness and safety of the vaccine
BMJ Evidence-Based Medicine Month 2020 | volume 0 | number 0 |
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Figure 1. Example of study flow for a COVID-19 active surveillance post-marketing study
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Adverse event monitoring
Rare or very rare serious adverse events have occurred after
vaccination.17 For example, a vaccine-associated adverse event of
interest is Guillain-Barré syndrome, for which the strongest causal
link with a vaccine was observed during the 1976 US swine influenza programme; the associated risk of 1 case per 100 000 resulted
in suspension of the vaccination programme.18 More recently, a
causal link was found between the 2009 H1N1 influenza vaccine
and narcolepsy following 4 cases per 100 000 vaccinated in Sweden
and 9 cases per 100 000 vaccinated in Finland.19 20 These cases
provide a valuable lesson for the COVID-19 vaccine community
that not all vaccine safety concerns can be anticipated; occasionally unexpected but serious conditions can arise, which require
rapid assessment irrespective of biological plausibility. However,
one fundamental safety concern for a new COVID-19 vaccine,
which requires consideration, is the potential for disease enhancement (vaccinated individuals developing more severe forms of the
disease than if had they not been vaccinated).21 This may not be
a risk with all COVID-19 vaccines and more dependent on the
nature of the vaccine, for example, DNA/RNA vaccine versus
conventional vaccine. The best approach is to monitor for all
adverse events but with some emphasis on certain adverse events,
including those that have been previously reported with vaccines,
potential and identified risks highlighted from premarketing
development and any adverse events attributed to the specific
vaccine vector. Furthermore, with the production of a COVID-19
vaccine likely to occur on a global scale, atypical patterns related
to specific batches may indicate manufacturing issues; these must
be promptly identified.22
Sample size
While premarketing studies detect frequent events, often they will
not achieve the sample size to detect rare adverse events17; this
will be less likely with the smaller premarketing clinical trials in
expedited COVID-19 vaccines development programmes. To test
for vaccine efficacy, there is a need for risk of infection in the
community. The recent lowering of viral transmission rates in
the community, a measure of successful public health measures,
may lead to difficulties in demonstrating true vaccine efficacy
in the cohort sizes of clinical trials. Some trials for COVID-19
vaccines are being conducted in countries with high prevalence
of COVID-19 infection. Nevertheless, vaccine monitoring in the
postmarketing phase is required with much larger sample sizes,
possibly several hundred thousand vaccinees or more. In addition,
consideration should be given to the different types of vaccine
that may be marketed with different dosing regimens. Sufficient sample sizes for each vaccine type and within subgroups
of interest will be of vital importance to ensure that rare or very
rare adverse events can be detected and to provide confidence in
measures of effectiveness.
However, there are specific challenges relating to sample sizes
of postmarketing studies that must not be overlooked. Achieving
such large sample sizes would require first sufficient vaccination uptake in the population, for which there is some expected
hesitancy. Secondly, for those individuals who have received
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the vaccine, high enrolment rates to postmarketing surveillance
will be necessary. Achieving widespread recruitment for studies
conducted in the UK will require collaboration with other institutions and partnership with the National Institute for Health
Research (NIHR) Clinical Research Networks; an existing network
of contacts and experience in conducting vaccine surveillance
studies with the NIHR can ensure rapid implementation of a
vaccine study across the UK, with minimal lead time. In addition,
other recruitment approaches may need to be considered, such as
widespread study advertisement in a broad range of media. For
a COVID-19 vaccine active surveillance study, given the intense
public interest, a very high participation/response rate would be
expected.
Real-time reporting
If supplies are available, it is likely that an emergency plan will
allow vaccination with a COVID-19 vaccine to be performed
within weeks or months. To ensure widespread uptake, it is essential that public confidence in the vaccine is high. To support this
real-time collection of data will be necessary. From a public health
perspective, initial regular weekly reports to relevant stakeholders
notifying on the detection of safety or lack of efficacy signals
can provide a platform for prompt regulatory and public health
actions and compensate for the relatively reduced efficacy and
safety information at the time of vaccine launch. Such rapid
reporting may also improve public confidence in the vaccination
programme, addressing concerns about safety and effectiveness
and encouraging uptake of the vaccine. Transparency in research
is important to improve public trust.
Monitoring uptake of vaccination programmes
Global fear of COVID-19 will likely be supplemented by apprehension regarding vaccination among populations. A recent poll
in the USA found that only 49% of Americans planned to receive
a COVID-19 vaccine when available.23 Differences in willingness to be vaccinated has also been observed across Europe. An
online survey in seven European countries revealed that Germany
and France had the largest proportions (10%) of the population
opposed to COVID-19 vaccination; France also had the largest
proportion (28%) who were unsure about receiving a vaccination.24 While findings for the UK appeared more promising
(approximately 80% willing to receive vaccination), there is still
a degree of uncertainty. This is further supported by a UK poll
conducted by the Royal Society of Public Health that revealed that
one in five individuals would either not get vaccinated or were
not sure.25 Thus, it is important not to overlook the overall performance of vaccine immunisation programmes. Postauthorisation
studies for COVID-19 vaccines will need to monitor vaccine utilisation to understand the demographic characteristics of those who
are vaccinated and people who did not receive the vaccine. The
efforts of fast-tracking a COVID-19 vaccine through premarketing
stages must be met with equal efforts of promoting a high-enough
vaccination rate to achieve vaccine-induced herd immunity. Key
to the success of the vaccination programme is the confidence of
the public in the vaccine’s effectiveness and safety.
Single vaccine studies versus head-to-head comparative studies
With multiple vaccines in development with different modes of
action and the anticipated simultaneous demands for vaccines
worldwide, it is likely that more than one vaccine will be available for COVID-19. This may provide an opportunity to perform
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in certain populations, some of which may be at higher risk
of disease complications and a fatal outcome. In addition, it is
possible to include within cohort comparisons using nested case–
control and self-controlled study designs to answer specific questions, for example, why do some vaccinees develop particular
adverse events?

EBM analysis
Evaluating more than one COVID-19 vaccine

►► Head-to-head vaccine comparisons may be useful

when an unvaccinated control group is unavailable
or considered inappropriate, but caution is still
required in active comparator selection.
►► Different vaccines may have different biological
modalities. For example, one of the most advanced
is an RNA vaccine developed by Moderna
Therapeutics, but this uses an unproven platform.27
Other potential COVID-19 vaccines are based on
vaccine technologies that are already established
for use in vaccines against other viral diseases;
an example is the ChAdOx1/AZD1222 vaccine
developed by the University of Oxford, which uses
an extensively studied chimpanzee adenovirus
vector.
►► Some potential COVID-19 vaccines use conventional
vaccine technology, based on viral protein
administered with an adjuvant to trigger a response
by the innate immune system.28
►► There have been safety concerns surrounding
adjuvants with previous vaccines29; whether this is
a potential for new COVID-19 vaccines also needs to
be monitored.
►► Should two vaccines be included in one study, there
needs to be diligence in identifying the specific
vaccine received by vaccinees. This also applies if
two separate studies are designed, one for each
vaccine.
►► Furthermore, success of a postmarketing study
for an efficacious vaccine is dependent on well-
coordinated production of the vaccine and robust
supply chains.30 Providing a vaccine nationally and
internationally presents with logistical challenges
and financial costs; there have been concerns
that supplies will struggle to meet demands in the
immediate term. However, vaccine providers have
come forward with plans for expanding production.

head-
to-
head comparative studies comparing the effectiveness
and safety of one particular vaccine to another (box 2).

Conclusions
The approach to vaccine benefit and risk evaluation is a continuum
throughout the process of vaccine development and life cycle of
the vaccine from premarketing to postmarketing. For COVID-19,
advancing vaccines quickly through the premarketing schedules
merits even more rigorous postmarketing surveillance. This can be
achieved through carefully designed postmarketing safety studies.
Ideally, a COVID-19 vaccine postmarketing study should allow for
active surveillance with timely collection of granular data directly
from vaccinees and HCPs, evaluation across different population
subgroups and provision of real-time reporting. With mass vaccination coverage anticipated, findings from immediate postmarketing data on COVID-19 vaccines can guide regulatory decisions
and public health practice to maintain a positive benefit–risk
balance.
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