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The rapid development and deployment of vaccines against
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
been an unprecedented scientific achievement. Before the emer-
gence of coronavirus disease 2019 (COVID-19), the usual time for
taking a vaccine through the necessary preclinical and clinical
evaluation phases was around 10 years. In previous pandemics
involving novel influenza strains, vaccine development time could
be shortened by building on licensed seasonal influenza vaccine
technologies and preparing in advance amockup dossier based on a
putative pandemic strain.

However, when SARS-CoV-2 emerged, there were no licensed
coronavirus vaccines because early attempts to develop vaccines
against other highly pathogenic coronaviruses (e.g. SARS-CoV and
Middle East respiratory syndrome coronavirus) were not pursued,
with few reaching the clinical trial stage and concerns being raised
from animal models about the potential for enhanced disease
with some vaccine platforms. Unlike SARS-CoV and Middle East
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respiratory syndrome, for which transmission was successfully
contained by stringent public health measures, the rapid pandemic
spread of SARS-CoV-2 necessitated the urgent development and
large-scale deployment of vaccines to mitigate its global impact.

Within a year of the emergence of the virus, COVID-19 vaccines
based on novel technologies, such as mRNA platforms and adeno-
virus vectors, began to be rolled out in national immunization
programmes worldwide after completing the preclinical and clin-
ical trial phases required to secure an Emergency Use Authorization
in record time. The efficacy trials of COVID-19 vaccines, although
requiring tens of thousands of participants to demonstrate pro-
tection, had inadequate power to identify rare adverse events. Their
detection therefore relied on having systems in place to monitor
safety as the vaccines were deployed in the target populations.
Although this is the case with all new vaccines, the novel tech-
nologies used to develop COVID-19 vaccines underlined the
importance of having robust surveillance systems in place for
rapidly evaluating vaccine safety.

Vaccine safety surveillance has two complementary compo-
nents: an initial signal-generation step in which adverse events of
interest are identified, followed by analytic epidemiological studies
to assess the association with vaccination. Safety signals can be
generated from pre-licensure trials or during vaccine imple-
mentation from reports of unexpected or rare clinical events that
occur in temporal association with vaccination. In the study of
Shasha et al. [1] provides a nice real-world example of this process.
The authors used electronic records from the Meuhedet Health
Maintenance Organisation (HMO) in Israel to investigate various
safety signals raised for the BNT162b2 mRNA vaccine from pre-
licensure trials and postmarketing case reports.

The Shasha et al. study showed no difference between a vacci-
nated and matched unvaccinated cohort in the incidence of Bell's
palsy, consistent with the results of a case-control study from Hong
Kong [2] and a matched cohort study from another Israeli HMO,
Clalit [3]. However, a different analysis using the Clalit HMO dataset
and a historical cohort as the comparator, rather than a contem-
porary matched unvaccinated cohort, showed a small excess of
Bell's palsy cases within a month of receipt of the BNT162b2 vac-
cine. Using standardized incidence ratios stratified by age, sex, and
dose, the study showed that the highest attributable risk (4.46 per
100 000) was in women aged �65 years after a first dose [4].
ublished by Elsevier Ltd. All rights reserved.
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The only outcome showing an association with vaccination in
the study by Shasha et al. [1] was an excess of reports of numbness
and tingling in BNT162b2 vaccinees mainly involving the face. This
finding is difficult to interpret and warrants further investigation.
There was no evidence of an elevated risk of herpes zoster in
BNT162b2 recipients (relative risk: 1.07; 95% confidence interval,
0.85e1.35), although the Israeli Clalit HMO study found a margin-
ally elevated relative risk of 1.43 (95% confidence interval,
1.20e1.73) [3]. Case reports of herpes zoster onset shortly after
mRNA vaccination have led to speculation on the grounds of bio-
logical plausibility that such temporally coincident events are
causally linked, but such isolated reports have no probative value
by themselves. More epidemiological studies are needed to eval-
uate whether mRNA vaccines can trigger a herpes zoster episode.

Evidence on the risk of GuillaineBarr�e syndrome (GBS) after the
BNT162b2 vaccine from the study by Shasha et al. [1] was incon-
clusive because the analysis was inadequately powered to exclude
an elevated risk, and GBS was not included as an outcome in the
other Israeli study using the Clalit HMO database [3]. Studies using
health care databases in the United States and England, where the
incidence of GBS after mRNA and adenovirus vectored vaccines
could be compared, have shown an increased risk after both the
AstraZeneca chimpanzee adenovirus vectored vaccine (ChAdOx1)
and the Janssen human adenovirus 26 vectored vaccine
(Ad.26.CoV-2-S), but not after the Pfizer BNT162b2 or Moderna
mRNA-1272 vaccines [5,6].

As with all observational vaccine safety studies, those conducted
for COVID-19 vaccines have the potential to give a biased result
because individuals recommended for or who accept the offer of
vaccination may differ from unvaccinated individuals with respect
to the safety outcome under study. An obvious example is the risk
of herpes zoster, which is highly age and comorbidity dependent,
factors that are also included in deciding priority groups for
vaccination. Use of a matched cohort or case-control design, and/or
adjustment for the effect of confounding variables by multivariate
regression analysis, can help control for such biases but is only able
to control for those factors that are captured and measured in the
dataset.

The self-controlled case series method is another way of con-
trolling for individual-level confounders. This method assesses in a
cohort of vaccinated individuals with the outcome event, the
incidence of an event in a predefined postvaccination period
compared with the incidence of the same event outside of the risk
period [7]. Although the self-controlled case series method has
been employed for assessing the risk of certain adverse events after
COVID-19 vaccination [6], its use as a method for rapid investiga-
tion of safety signals has been limited by inadequate observation
time to assess the baseline incidence in postvaccination periods
after the putative risk period. When the period before COVID-19
vaccination is used to assess baseline incidence, this can result in
bias if the event is considered a contraindication to, or a reason to
recommend, vaccination [8]. Although the potential for unmea-
sured confounding inevitably remains in most observational safety
studies of COVID-19 vaccines, when an elevated risk is shown for
one vaccine but not another in the same study population (e.g. in
those showing a risk of GBS with adenovirus vectored but not
mRNA vaccines [5,6]), the results are more likely to be valid.
Similarly, when elevated risks are shown for the same outcome
with the same vaccine in different populations and with different
study designs, the evidence for a causal association is strengthened.

Despite their limitations, the postmarketing safety surveillance
systems in place in different countries have proven remarkably
effective in identifying rare side effects associated with COVID-19
vaccines that could not be detected in clinical trials. Acute
myocarditis after mRNA vaccines and thrombosis with thrombo-
cytopenia after adenovirus vectored vaccines were rapidly identi-
fied as safety signals from passive reports from clinicians during the
rollout of the vaccines. Prompt investigation of these safety signals
by epidemiologists using electronic health records [8,9], accom-
panied by carefully documented case series by clinicians [10], has
allowed informed decisions to be made about the riskebenefit of
using these vaccines in different population groups. Of particular
value have been studies that have compared the risk of vaccines
with the risk of the same outcome if contracting SARS-CoV-2
infection [3,6]. Communication techniques that provide these
riskebenefit analyses for the public in easily understandable and
nonthreatening ways, such as those employed by the Winton
Centre for Risk and Evidence Communication in the United
Kingdom [11], can help mitigate any negative impact on vaccine
coverage of emerging safety issues.

Much has been learned during the SARS-CoV-2 pandemic about
how vaccine development and deployment can be accelerated
without compromising patient safety. Devasting though the global
impact of the SARS-CoV-2 pandemic has been, its scientific legacy is
a range of new and proven vaccine technologies, together with an
enhanced global infrastructure to support future vaccine safety
surveillance efforts.
Transparency declaration

Elizabeth Miller receives support from the National Institute for
Health Research, Health Protection Research Unit in Immunisation,
at the London School of Hygiene and Tropical Medicine in part-
nership with Public Health England (Grant Reference
NIHR200929). The author declares no competing interests.
References

[1] Shasha D, Bareket R, Sikron FH, Gertel O, Tsamir J, Dvir D, et al. Real-world
safety data for the Pfizer BNT162b2 SARS-CoV-2 vaccine: historical cohort
study. Clin Microbiol Infect 2022;28:130e4.

[2] Wan EYF, Chui CSL, Lai FTT, Chan EWY, Li X, Yan VKC, et al. Bell's palsy
following vaccination with mRNA (BNT162b2) and inactivated (CoronaVac)
SARS-CoV-2 vaccines: a case series and nested case-control study. Lancet
Infect Dis 2021. https://doi.org/10.1016/S1473-3099(21)00451-5.

[3] Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, et al. Safety of
the BNT162b2 mRNA Covid-19 vaccine in a nationwide setting. N Engl J Med
2021;385:1078e90.

[4] Shibli R, Barnett O, Abu-Full Z, Gronich N, Najjar-Debbiny R, Doweck I, et al.
Association between vaccination with the BNT162b2 mRNA COVID-19 vaccine
and Bell's palsy: a population-based study. Lancet Reg Health Eur 2021;11:
100236.

[5] Hanson KE, Goddard K, Lewis N, Fireman B, Myers TR, Bakshi N, et al.
Guillainebarr�e syndrome after COVID-19 vaccination in the vaccine safety
datalink. MedRxiv 2021. In press.

[6] Patone M, Handunnetthi L, Saatci D, Pan J, Katikireddi SV, Razvi S, et al.
Neurological complications after first dose of COVID-19 vaccines and SARS-
CoV-2 infection. Nat Med 2021;27:2144e53.

[7] Weldeselassie YG, Whitaker HJ, Farrington CP. Use of the self-controlled case-
series method in vaccine safety studies: review and recommendations for best
practice. Epidemiol Infect 2011;139:1805e17.

[8] Andrews NJ, Stowe J, Ramsay MEB, Miller E. Risk of venous thrombotic events
and thrombocytopenia in sequential time periods after ChAdOx1 and
BNT162b2 COVID-19 vaccines: a national cohort study in England. Lancet Reg
Health Eur 2021:100260.

[9] Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. Myocarditis
after COVID-19 vaccination in a large health care organization. N Engl J Med
2021;385:2132e9.

[10] Pavord S, Scully M, Hunt BJ, Lester W, Bagot C, Craven B, et al. Clinical features
of vaccine induced immune thrombocytopenia and thrombosis. N Engl J Med
2021;385:1680e9.

[11] The Winton Centre for risk and evidence communication. Communicating the
potential benefits and harms of the Astra-Zeneca COVID-19 vaccine [Internet].
2021 [cited 2021 Dec 12]. Available from: https://wintoncentre.maths.cam.ac.
uk/news/communicating-potential-benefits-and-harms-astra-zeneca-covid-
19-vaccine/.

http://refhub.elsevier.com/S1198-743X(21)00726-6/sref1
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref1
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref1
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref1
https://doi.org/10.1016/S1473-3099(21)00451-5
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref3
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref3
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref3
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref3
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref4
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref4
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref4
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref4
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref5
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref5
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref5
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref5
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref5
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref6
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref6
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref6
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref6
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref7
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref7
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref7
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref7
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref8
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref8
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref8
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref8
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref9
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref9
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref9
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref9
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref10
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref10
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref10
http://refhub.elsevier.com/S1198-743X(21)00726-6/sref10
https://wintoncentre.maths.cam.ac.uk/news/communicating-potential-benefits-and-harms-astra-zeneca-covid-19-vaccine/
https://wintoncentre.maths.cam.ac.uk/news/communicating-potential-benefits-and-harms-astra-zeneca-covid-19-vaccine/
https://wintoncentre.maths.cam.ac.uk/news/communicating-potential-benefits-and-harms-astra-zeneca-covid-19-vaccine/

