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Abstract: Pharmacovigilance (PV) came suddenly into the spotlight when several new 
vaccines, developed as a response to the COVID-19 pandemic, received emergency 
authorisation and were rolled out on a large scale in late 2020. The vaccines underwent 
stringent clinical trials and evaluation from regulatory authorities, but with the use of novel 
technology and an anticipated rapid and vast deployment of the vaccines, the importance of 
a well-functioning international post marketing safety surveillance system was stressed. 
International PV stakeholders were faced with several challenges due to the extent of the 
global vaccination campaign. The unprecedented volume of reports of suspected adverse 
events following immunization has led to the development and use of new tools. Furthermore, 
the collaboration between various PV stakeholders was encouraged and strengthened. PV 
rose to the challenges posed by the currently ongoing global COVID-19 vaccination campaign 
and successful adaptations were made in a short period of time. However, the pandemic has 
not ended yet, the vaccination campaign is far from being completed, and further challenges 
are anticipated. Advances made during the pandemic will be important to strengthen PV in 
future and ensure to advance medicines’ safety together.

Plain Language Summary 
Global safety monitoring of the COVID-19 vaccines: challenges, preparations,  
and outlooks
Pharmacovigilance (PV) is the umbrella term for all sciences and activities relating to 
the detection, assessment, understanding, and prevention of adverse effects relating 
to medicines or vaccines. PV came into the spotlight when several new vaccines were 
authorised and rolled out as a response to the COVID-19 pandemic.
The anticipated extent of the global vaccine rollout stressed the importance of a well-
functioning safety surveillance system and international collaborations between patients, 
health care workers, vaccine producers, regulatory authorities, and PV centres.
The identification and communication of potential safety concerns showed that adaptations 
to PV processes made in a short period of time as well as international collaborations 
were successful. However, it is important to learn from experiences made so far and 
to make sure the positive advances are maintained in the future to advance medicines’ 
safety together.

Keywords:  adverse drug reaction reporting systems, COVID-19 vaccines, drug monitoring, 
pharmacovigilance

Received: 27 September 2021; revised manuscript accepted: 19 July 2022.

Correspondence to: 
Annette Rudolph 
WHO CC, Signal 
Management, Uppsala 
Monitoring Centre, 
Bredgränd 7B, Uppsala 
753 20, Sweden. 
Annette.rudolph@who-
umc.org

Joseph Mitchell 
Carlos Melgarejo-
González 
Qun-Ying Yue 
WHO CC, Signal 
Management, Uppsala 
Monitoring Centre, 
Uppsala, Sweden

Jim Barrett 
Henric Taavola 
Nils Erlanson 
Research, Data Science, 
Uppsala Monitoring 
Centre, Uppsala, Sweden

Helena Sköld 
Operations, PV Portfolio, 
Uppsala Monitoring 
Centre, Uppsala, Sweden

1118972 TAW0010.1177/20420986221118972Therapeutic Advances in Drug SafetyA Rudolph, J Mitchell
research-article20222022

Review

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/taw
mailto:Annette.rudolph@who-umc.org
mailto:Annette.rudolph@who-umc.org


2	 journals.sagepub.com/home/taw

Volume 13
Therapeutic Advances in 
Drug Safety

Background

‘Almost all fear is fear of the unknown. Therefore, 
what’s the remedy? To become acquainted with the 
things you fear’.

Peace Pilgrim (Mildred Lisette Norman)

In 2020 we found ourselves faced with a new 
unknown causing drastic changes to everyday life 
worldwide and the rapid dissemination of infor-
mation caused an infodemic accompanying the 
pandemic, leading to uncertainties and fear exac-
erbated by misinformation. Past vaccine misin-
formation still has an impact on both healthcare 
professionals and the public today. The infodemic 
observed during the COVID-19 pandemic and 
the COVID-19 vaccination campaign under-
mines the trust in health institutions and pro-
grammes. An important difference between the 
COVID-19 pandemic and previous pandemics 
with higher mortality rates is the extent and veloc-
ity of (mis-)information spreading due to wide 
mobile device and Internet coverage. The fast 
and broad distribution of non-verified informa-
tion as well as the rapid emergence of anti-vaccine 
accounts on social media facilitated the spreading 
of false and partly dangerous information, con-
spiracy theories and more.1

Vaccines are critical to control COVID-19, 
declared a pandemic by the World Health 
Organisation (WHO) on March 11th, 2020, and 
vaccine development started early. This was pos-
sible due to rapid gene sequencing of the novel 
severe acute respiratory syndrome-causing coro-
navirus 2, known as SARS-CoV-2, which was 
publicly shared on January 12, 2020. Due to its 
high infectivity and mortality rates and its strong 
impact on societies and economies worldwide, 
governments made immense financial resources 
available for vaccine research, allowing scientists 
to work on the development of vaccine candidates. 
Thanks to advances in viral immunology, struc-
tural biology, and novel vaccine platforms capable 
of eliciting robust immune responses, hundreds of 
vaccine candidates were developed in an unprec-
edentedly short time span. Furthermore, scientists 
could use the prior knowledge of coronaviruses, 
with the first human coronavirus identified in the 
1960s.2 Utilising findings from prior vaccine stud-
ies for previous human coronavirus infections, 
such as SARS, caused by SARS-CoV-1, between 

2002 and 2004, and the Middle East respiratory 
syndrome (MERS), caused by MERS-CoV, in 
2012 enabled a significant jump forward in the 
vaccine development for COVID-19.2 Studies 
investigating immune responses to different gene 
fragments of SARS-CoV-1, for example, showed 
that using the full-length spike proteins as vaccine 
antigens elicited the strongest and longest lasting 
humoral response when compared to membrane 
and nucleocapsid proteins.3 Therefore, most of 
the COVID-19 vaccine candidates are based on 
the spike protein. Also, platforms such as viral 
vectors and protein subunits were already tested 
for SARS-CoV-1 and MERS. Even though only a 
few SARS-CoV-1 and MERS vaccines entered 
clinical trials and none of them obtained market 
authorisation, findings from those trials were valu-
able during the development of the COVID-19 
vaccines. For the vaccines’ safety surveillance 
important previous findings were taken into 
account: the observation of antibody-dependent 
disease enhancement (ADE) in association with 
the SARS-CoV-1 and MERS vaccine candidates 
led to it being included in the list of adverse events 
of special interest (AESIs) and the early creation 
of case definitions.4 On March 16th, 2020, roughly 
2 months after publication of the gene sequence of 
SARS-CoV-2, the first vaccine candidate 
(Moderna’s mRNA-based vaccine) entered its 
phase I clinical trial and by November 2020 at 
least 67 substances were under evaluation in phase 
I-III clinical trials.5,6 The first vaccine (Pfizer/
BioNTech’s mRNA-based vaccine) obtained 
emergency use authorisation (EUA) on December 
2nd, 2020, in the United Kingdom (UK), followed 
by the United States on December 11, 2020. By 
September 7th, 2021, 22 vaccines were approved 
in some form for use in at least one country,7 114 
vaccines were in clinical development and 185 
candidates were in pre-clinical development.8 
Many of these vaccines use novel technologies and 
vaccine platforms, such as mRNA and viral 
vectors.

The rapid market authorisation of several vaccines 
was made possible by the simultaneous perfor-
mance of multiple clinical trial phases as well as the 
inclusion of large patient cohorts in these studies. 
Furthermore, regulators deployed so called ‘rolling 
reviews’ – reviews of clinical data as soon as it 
became available from ongoing studies – accelerat-
ing the authorisation process significantly.9 
However, due to transparency concerns and the 
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circulating misinformation, dissenting voices 
regarding the vaccines’ safety got louder, causing 
insecurity and vaccine-hesitancy in the general pub-
lic and even among health care professionals.10,11

The large pre-authorisation clinical trials were 
conducted appropriately, and no regulatory pro-
cesses were bypassed. However, it must be 
acknowledged that any large phase III trial has 
limitations, such as a short follow-up period prior 
to authorisation as well as the inability to detect 
rare (⩾ 1 in 10,000 to < 1 in 1,000 vaccines) and 
very rare (⩽ 1 in 10,000 vaccinees) adverse events 
that become apparent only when the vaccines 
start to be used widely.12,13 This makes well-func-
tioning post-marketing safety surveillance sys-
tems and international communication and 
collaboration necessary.

Furthermore, it must be kept in mind that many 
countries followed prioritised vaccine rollout 
resulting in immunisation of populations that 
were excluded or underrepresented in the clinical 
trials, resulting in increased uncertainty about the 
safety in these groups.13 Other important mile-
stones, such as the amendment of the vaccination 
scheme to include a third dose (September 6th, 
2021) as well as the vaccines’ use in adolescents 
(May 28th, 2021) and younger children 
(November 25th, 2021) (see Figure 1) were 
achieved based on real-world data.

Anticipated challenges and limitations
Although the COVID-19 pandemic has in many 
ways been unparalleled, efforts have been made 
to learn from experiences during previous pan-
demics and epidemics. The lessons for safety sur-
veillance centred around public concerns of 
vaccine safety with the suggestion to tackle these 
issues with suitable vaccine safety surveillance 
that can provide timely and effective communica-
tion.14 The requirement for demonstrating effect 
and safety is typically greater than compared to 
other medicinal products used for therapeutic 
reasons in patients due to the differences in the 
target population.15 It is possible that the severity 
and risk of the COVID-19 pandemic along with 
the potential benefit of vaccination may have 
affected individual perceptions. The key chal-
lenges were to strengthen surveillance systems, 
dependent on resources, to be able to accommo-
date large numbers of reports and to facilitate 
early detection, investigation and analysis of 

adverse events with subsequent appropriate and 
rapid response including public communication 
to maintain vaccine confidence.14

Specific considerations for the COVID-19 vac-
cines safety surveillance systems include prepar-
ing for simultaneous and sequential use of 
different vaccines (e.g. mixed schedule vaccina-
tion), and detection of local clusters of immunisa-
tion-error related adverse events.14 Both 
challenges require complete information regard-
ing the vaccine used, other medications adminis-
tered concomitantly, and the experienced adverse 
events. Reporting of adverse events can be par-
ticularly challenging given the non-uniformity of 
coding adverse events, as well as the possibility of 
certain conditions to present themselves with a 
variety of symptoms, both of which may lead to a 
significant number of reports containing different 
terms but describing the same phenomenon.16 
This particularly impedes statistical signal detec-
tion processes. Further considerations included 
increasing the awareness of adverse event report-
ing, particularly in those who work with adult 
healthcare and may not be familiar with proce-
dures since the majority of national vaccination 
programmes involve childhood vaccinations.14 
However, due to the number of people to be vac-
cinated, safety surveillance systems were expected 
to receive a large volume of reports.14

The safety surveillance of vaccines and collection 
of reports on suspected adverse events following 
immunisation is the responsibility of national vac-
cine regulatory systems, including national regula-
tory authorities (NRAs) and national immunisation 
programmes (NIPs). Especially in countries where 
NRAs do not have extensive capacities, the NIPs 
may take responsibility for certain NRA tasks.17 
Even though the WHO global manual on the sur-
veillance of adverse events following immunisa-
tion (AEFIs)18 foresees an active and close 
collaboration between NIPs and NRAs for the 
safety surveillance of vaccines, data exchange in 
many countries can still be improved.19 The extent 
of the COVID-19 vaccination campaign necessi-
tated a closer collaboration between NIPs and 
NRAs as well as between international NRAs.

Passive surveillance, defined as collection and 
analysis of unsolicited reports of suspected 
adverse events in the form of individual case 
safety reports (ICSRs) that are sent to a central 
database or health authority, is the basis of safety 

https://journals.sagepub.com/home/taw


4	 journals.sagepub.com/home/taw

Volume 13
Therapeutic Advances in 
Drug Safety

surveillance for immunisation programmes, with 
the ability to identify rare events, to assess clusters 
of reports and to detect safety signals for further 
evaluation.14 More recently, rapid cycle analysis 
of active surveillance data has been used to assess 
pre-specified adverse events in vaccine surveil-
lance.20 In contrast to passive surveillance, active 
surveillance aims to determine event rates in 
defined populations following pre-established 
processes. However, in the context of the COVID-
19 vaccination campaign, passive surveillance 
required additional active surveillance and post-
authorisation safety studies that can estimate 
event rates and facilitate risk evaluation.14,21 The 
improvement of safety surveillance systems par-
ticularly in low- and middle-income countries 
(LMICs) is strongly recommended.21 An effec-
tive and quick system of sharing data between 
vaccines manufacturers, vaccine sponsors and 
regulatory authorities is important to interpret 
analysis from passive surveillance data which can 
supplement clinical trial safety information by 
detecting adverse events that are rare, occur in 
certain populations or have a longer latency 
period than follow up.14 Furthermore, timely 
reporting, reviewing, and sharing of data–at a 
national, and global level–strengthens surveil-
lance systems.14

Spontaneous reporting systems are usually lim-
ited to varying degrees by under-reporting of 
adverse events.22 In the context of mass vaccina-
tion campaigns with increased public attention 
and widely spread (mis-)information on safety 
issues, a bias towards the opposite phenomenon 
– a relative increase in reporting also of coinciden-
tal events in association with vaccination – can be 
observed and complicate signal detection.23 This 
phenomenon can be observed under ‘normal’ 
conditions as well. However, the extent to which 
it was experienced for the COVID-19 vaccines 
was unprecedented. Furthermore, follow-up pro-
cesses differ from regular PV activities for other 
medicinal products (e.g. active follow-up after 
vaccination and a defined follow-up period fol-
lowing the administration of a vaccine dose). In 
addition, a generally lower tolerance regarding 
adverse events following immunisation (AEFIs) 
of a mostly healthy population compared to 
adverse events following pharmacotherapy of 
conditions affecting ill patients can be observed, 
additionally intensifying the issue. COVID-19 
and the safety of the vaccines, remain in the pub-
lic spotlight and the enhanced PV efforts in that 
context are to be considered very positive, but at 
the same time bear the risk for several types of 
bias (e.g. notoriety bias, surveillance bias, and 

Figure 1.  Timeline of vaccine development.
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recall bias) potentially negatively impacting signal 
detection efforts.24,25

Causality assessment (CA) of AEFIs is mainly 
based on four criteria: consistency (evidence in 
the published, peer-reviewed literature), biologi-
cal plausibility, temporality, and specificity.26 CA 
of AEFIs differs from that of medicines due to 
their immunological mechanism of action com-
pared to the mechanism of action of therapeuti-
cally, or diagnostically used medicinal products.27 
Although many COVID-19 vaccines are adminis-
tered as two or more doses, there is limited oppor-
tunity to assess rechallenge in these cases, as 
reports often occur after the second dose, or 
between the doses but with limited information 
on follow up and the effect of the second dose, if 
administered. In the context of the new vaccines, 
CA is complicated by the absence of available evi-
dence, as well as the lack of available data imped-
ing the assessment of biological plausibility.24

Another possible effect of the level of public inter-
est in COVID-19 vaccinations is the spread of 
information from various sources. Vaccine hesi-
tancy was listed as one of the 10 top global health 
threats by the WHO in 201928 and the relation-
ship between social media and doubts of vaccine 
safety have been widely discussed.29,30 As stated 
by Black et al.:31 ‘In the modern era of rapid dis-
semination of rumours on social media, a rapid 
response to a vaccine safety signal is needed to 
maintain public confidence’. This sentiment is 
widely published and further reinforced by rec-
ommendations from the WHO to provide rapid 
communication regarding safety concerns of the 
COVID-19 vaccines to maintain public confi-
dence and to prevent alarm or uncertainty.14,32

Preparations for the safety surveillance  
of the novel vaccines
The first steps in the preparation for developing 
and deploying new vaccines against the novel 
SARS-CoV-2 included the increase of resources. 
Expertise needed to be acquired and infrastruc-
ture for development and production of vaccines 
in large scale needed to be provided. As prepara-
tion for efficient deployment, several logistical 
and administrative challenges had to be faced: 
defining prioritised patient groups (invitations, 
vaccine centres, transport, recalls for 2nd dose), 
vaccine storage (cold chain supply), and more. 
However, these areas are outside the scope of the 

current review and are therefore not being 
addressed in-depth.

The development of several vaccines using differ-
ent platforms as well as the extent of the COVID-
19 vaccination campaign was foreseeable. 
Therefore, the role and requirements for COVID-
19 vaccine safety surveillance systems were estab-
lished with advance. A safety surveillance manual 
was published by the WHO to give guidance on 
the establishment of appropriate safety surveil-
lance systems on the national level ensuring an 
appropriate and rapid response to emerging AEFIs 
and Adverse Events of Special Interest (AESIs).14

A list of AESIs for the COVID-19 vaccines was 
created by the Brighton Collaboration’s Task 
Force for Global Health via the Coalition for 
Epidemic Preparedness Innovations (CEPI)-
funded Safety Platform for Emergency vACcines 
(SPEAC) project.33 COVID-19 vaccine AESI 
definitions were preliminarily based on existing 
Brighton Collaboration definitions of adverse 
events considered most likely to be of relevance 
for the vaccine candidates, and a review of the 
literature using PubMed.34

Based on the Brighton Collaboration’s AESI defi-
nitions, national and international projects to 
investigate AESI background rates were started 
and published.35–37 While it is not possible to esti-
mate incidence from passive surveillance data, 
nor to directly compare reporting rates to back-
ground incidence rates, knowledge of these back-
ground rates provided key information in the 
assessment of potential safety signals. In particu-
lar, active surveillance programmes benefitted 
from the definition of AESI background rates, 
allowing a more direct comparison of observed to 
expected rates. However, background rates play a 
crucial role in causality assessment of AEFIs.12 
Furthermore, AESI background rates proved 
useful for prioritisation (e.g. as a parameter for 
clinical importance) and for granting a rapid 
response to vaccine safety concerns.31

Part of the post-marketing safety surveillance is 
the identification and anticipation of important 
(potential) risks of a medicinal product. Those 
are summarised in a product’s risk management 
plan (RMP). Guidance documents for industrial 
stakeholders included the advice to consider the 
vaccines’ construct and formulation, the antigen’s 
characteristics, possible adjuvants, as well as to 
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include important identified risks with other vac-
cines using similar technologies [e.g. vaccine-
associated enhanced respiratory disease (VAERD) 
as observed with SARS-CoV-1 and MERS vac-
cine candidates].38,39 The inclusion of important 
potential risks aims to cover risks with possible 
impact on the benefit/risk balance, for which a 
causal relationship is presumed but could not be 
inferred yet, due to lack of evidence. RMPs are 
supposed to also cover missing information. For 
the COVID-19 vaccines the regulators advised to 
focus especially on the vaccines’ use in risk groups 
(e.g. pregnant and breastfeeding women, patients 
with severe co-morbidities, and children), and on 
the long-term safety, and interaction with other 
vaccines.38,39

Periodic safety update reports (PSURs) are 
another important part of post-marketing safety 
surveillance. In the context of the COVID-19 
vaccines, their adapted approval process, and the 
subsequent limited follow up period of pre-mar-
keting clinical studies, the timeline for the PSURs 
(usually annually to twice per year) has been 
shortened and the submission of monthly con-
densed reports was agreed on. Issues addressed in 
the monthly PSURs are suggested to include the 
risks of vaccination errors (especially in the con-
text of mass vaccination campaigns), safety of 
mixed schedules, estimated antibody waning, and 
the anticipated need for administration of booster 
doses or revaccinations.38,39

The published guidance documents contain also 
specific advice for signal detection and manage-
ment. Stakeholders were strongly advised to 
include international databases of ICSRs (namely 
EudraVigilance and VigiBase, the WHO global 
database of ICSRs) as data sources for their signal 
detection activities.38,39

Action taken
Many national and international regulatory bod-
ies used their established PV monitoring systems 
as the basis for the safety surveillance of the 
COVID-19 vaccines40,41 as well as information 
campaigns. Improvement of pre-existing systems 
were undertaken, for example, by introducing 
mobile reporting apps, to facilitate, stimulate and 
monitor spontaneous reporting. Furthermore, in 
many places active surveillance measures were 
introduced or increased. Methods used included 
Cohort Event Monitoring (CEM) (e.g. within the 

European ACCESS study),42 Sentinel 
Surveillance (SS), Data Linkage (e.g. in the Rapid 
Cycle Analysis in the UK),43 and e- and 
m-Health.14 Transparency measures were set out 
by all stakeholders. Regular publication of news 
and updates were made available to a wider audi-
ence to increase the public’s confidence in the 
vaccines and to fight the circulating misinforma-
tion.41,44–53 The exact scope of adaptations made 
by the regulatory bodies falls outside the scope of 
this paper and will not be discussed in-depth.

What did UMC do?
AEFI reporting by the member states was facili-
tated by the implementation of a digital reporting 
form designed for mobile devices and accessible 
via a QR code allowing reporting directly into 
VigiFlow in countries using it as national PV 
database.

With guidance from WHO headquarters, entry of 
incoming reports was facilitated by the expansion 
of VigiFlow for the WHO AEFI form.54 The 
scope of this amendment was the facilitated effi-
cient and effective AEFI data transfer using the 
25 AEFI reporting core variables from the periph-
ery of a health care system into a central database 
for processing and conversion into information 
that can guide decision making and actions in a 
timely manner. Furthermore, the international 
standardisation of data collection enables data 
analysis on a global scale in VigiBase.

The possibility to extract AEFI line listings from 
VigiFlow was introduced as requested by WHO to 
allow timely analysis on the national level. The line 
listings facilitate an overview of the data, support-
ing initial identification of clusters or unusual/sig-
nificant reporting of events requiring further 
analysis. Using AEFI line listings, it will be possible 
to identify vaccine batch-related problems as well 
as locally confined immunisation-related errors.

The described changes were conceptualised by the 
WHO and involved close collaboration with WHO 
headquarters and other stakeholders, such as 
national PV centres. Changes were implemented 
on local levels according to WHO guidelines.

A monthly descriptive report regarding COVID-
19 vaccine reporting in VigiBase was made avail-
able for member countries of the WHO PIDM via 
VigiLyze. The intention of this report is to give a 
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qualitative overview of ICSR characteristics such 
as demographics, reported events, and the differ-
ent vaccines. This facilitates data interpretation 
for national pharmacovigilance stakeholders dur-
ing their signal detection activities.

For safety signal analysis, further adaptations to 
VigiLyze have been undertaken. More frequent 

updates of VigiBase data were started to allow 
timely data analyses. The creation of a COVID-
19 vaccine-specific standardised drug grouping 
(SDG) enables the data analysis on a vaccine 
platform level. In addition, the option to switch 
between ‘active ingredients’ and ‘active ingredi-
ent variants’ facilitates data analysis on individual 
vaccine level.

Uppsala Monitoring Centre

WHO PIDM.

The WHO Programme for International Drug Monitoring (PIDM) was established in 1968 as a 
response to the thalidomide catastrophe. It was established with the scope to ensure the collection 
of evidence about patient harm from as many sources as possible. The programme started with 10 
member states from three continents and has grown to 148 full members and 23 associated mem-
bers by 12 July 2021. UMC has been responsible for the technical and operational aspects of the 
programme since 1978.

VigiFlow.

VigiFlow is a web-based individual case safety report (ICSR) management system that is available 
for use by national PV centres of the WHO PIDM. It supports the collection, processing and shar-
ing of ICSR data to facilitate effective data analysis. Features include manual data entry, and data 
sharing and exchange between stakeholders.

VigiBase

VigiBase is the WHO global database for suspected adverse reactions to medicinal products. 
VigiBase collects reports of suspected adverse effects of medicines and vaccines from all member 
countries of the WHO PIDM.

CAVEAT:

Reports sent to VigiBase describe suspected adverse reactions. Causality is not established at the 
time of reporting but must be assessed individually. Reporting practices vary between regional PV 
centres. The volume of reports depends highly on the extent of a product’s use, publicity, the nature 
of the suspected adverse event, and other factors. As the nature of included reports is spontaneous 
and unsolicited, reporting rates must not be confused with incidence rates.

VigiLyze

VigiLyze is a signal detection and management system available free of charge for national PV cen-
tres in all member countries of the WHO PIDM. Its main feature is the application of quantitative 
signal detection methods on national, regional, or global data. It provides tools facilitating the entire 
signal management process (from signal detection, over signal prioritisation, to qualitative signal 
assessment).
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Signal detection.  Signal detection activities at 
UMC include regular screenings of VigiBase for 
previously unknown medicine-ADR combina-
tions. Due to the size of the database, statistical 
methods–described elsewhere55,56–are used in sig-
nal detection, followed by manual in-depth assess-
ment by PV experts after a combination is 
prioritised and evaluated to represent a new risk 
or a new aspect of a known risk (validation). Sig-
nals are shared with countries participating in the 
WHO Programme for International Drug Moni-
toring (PIDM).57

The characteristics, rate, and quantity of incoming 
ICSRs for the COVID-19 vaccines required the 
adaptation of existing processes and the develop-
ment of optimization strategies. Statistical dispro-
portionality analysis is the base for signal detection 
at UMC. It has been used to great effect during the 
pandemic. However, disproportionality analysis 
only highlights single drug-event combinations. 
When there are inconsistencies in reported terms, 
or when an adverse event can be characterised by 
multiple terms, standard disproportionality anal-
ysis can sometimes fail to highlight safety issues. 
vigiGroup is a novel statistical method devel-
oped at the UMC to address this issue, by con-
sidering the co-reporting patterns for different 
terms on an ICSR, in order to assign reports to 
clinically meaningful groups representing the 
same underlying condition. This technique has 
been used successfully for retrospective analyses 
of safety profiles of medicines at UMC.58 During 
the pandemic, the use of vigiGroup has been 
applied to prospectively sort through the 
COVID-19 vaccine ICSRs to highlight potential 
safety issues.

In the past, signal detection at UMC was per-
formed during periodical focussed signal detec-
tion workshops. Due to the extent of incoming 
reports as well as the fast-moving reporting land-
scape, another approach was adapted. Changes 
included direct monitoring in VigiLyze, as well as 
performing more frequent signal detection work-
shops using UMC’s internal tools, such as vig-
iMine and vigiRank,55 and performing statistical 
disproportionality analysis against different data 
backgrounds. Furthermore, international regula-
tory authorities’ communications and the rapidly 
growing medical literature were screened, as well 
as communication and collaboration with external 
sources (e.g. clinical experts and WHO headquar-
ters), in order to detect and assess any potential 

emerging safety issues as early as possible to trig-
ger in-depth analysis using VigiBase data.

Signal prioritisation.  The unprecedented rate of 
incoming reports caused a rethinking of UMC’s 
internal signal prioritisation strategy. In weekly 
meetings, a multidisciplinary team discussed and 
prioritised potential safety signals with the aim to 
warrant timely assessment and communication. 
Criteria taken into consideration during signal 
prioritisation were the available evidence, the 
geographic spread of received reports, the seri-
ousness of the observed reaction, the clinical 
importance, the impact of the observed reaction 
on public health, and the type of message a 
potential signal communication could have. Case 
definitions together with Standardised MedDRA 
Queries (SMQs) for AESIs have been used in 
internal monitoring of these events at the Uppsala 
Monitoring Centre (UMC). Furthermore, the 
monitoring of international regulatory activities 
was supposed to avoid performing work already 
conducted elsewhere maintain a global perspec-
tive to potentially detect rare safety issues 
earlier.

The options to add tags and deadlines to investi-
gations in VigiLyze, as well as advanced filtering 
and searching options of the investigations list 
allow for signal prioritisation directly in VigiLyze 
without the need for a separate platform.

Signal assessment.  UMC usually limits signal 
detection activities and assessments to emerging 
suspected adverse drug reactions. CA of COVID-
19 vaccine AEFIs was complicated by very large 
case series. This problem has led to the develop-
ment and application of tools, like a vaccine 
report-specific de-duplication tool, strategies to 
prioritise the analysis of ICSRs, and the use of 
vigiPoint,59 a tool for the data driven exploration 
and comparison of key features of two or more 
case series.

An important step in CA consists of the valida-
tion of an adverse event diagnosis. For that pur-
pose, case definitions, such as those prepared by 
the Brighton Collaboration, are used for guid-
ance, although in case series where clinical case 
information is constrained both validation and 
the utility of diagnostic guidelines can be limited. 
However, in case of new or emergent events, such 
definitions might not exist at the time of assess-
ment.24 Therefore, collaborations with other 
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stakeholders as well as attentive reviews of the 
published medical literature are key to case 
validation.

An approach to assess causality, as proposed by 
Butler and colleagues could be using a combined 
methodology considering temporal relationship, 
individual risk factors and the likelihood of alter-
native causes and integrate results from different 
epidemiological methods in order to compensate 
for various types of bias.24 Another approach was 
to address several related reactions in a compre-
hensive assessment, discussing potential causes 
and underlying conditions and highlighting 
reporting patterns and any potential need for fur-
ther appropriate studies or considerations. 
Reviews of emerging safety issues as well as analy-
ses of reporting patterns of specific areas were 
performed and shared with other stakeholders.

Reflections
The global vaccine rollout is far from complete, 
and there are still lessons to be learnt by reflecting 
on the progress so far. While concerns over the 
expedited development of the COVID-19 vac-
cines have been raised and despite widespread 
misinformation that can dampen the confidence 
in the vaccines,60 the rollout of vaccines has over-
all been successful. As of September 1st, 2021, 
5.34 billion doses have been administered.61 While 
a large number of ICSRs have been reported to 
VigiBase (1.8 million reports), the figure remains 
small in comparison to the total of administered 
doses. However, case series associated to the 
COVID-19 vaccines are often larger than series 
studied for signal detection associated to other 
medicinal products, challenging clinical assessors 
and PV experts. Due to the characteristics of the 
emerging case series (e.g. lack of reliable denomi-
nators, high numbers of reports, and a high variety 
of completeness of documentation) and the rela-
tively short follow up period, in most cases during 
safety signal assessment it is only possible to for-
mulate hypotheses and the recommendation to 
pursue further epidemiological studies where 
appropriate can be found in the assessment texts. 
Differences compared to safety surveillance activi-
ties for other medicines further challenged signal 
management for the novel vaccines. The rate of 
incoming reports reflected the real-world situa-
tion. Due to the increased public focus, a timely as 
possible assessment of emerging safety issues was 
required. The information shared with other 

stakeholders has contributed to the global safety 
surveillance of the COVID-19 vaccines.

UMC’s unique position allows for research and 
method development apart from signal detection 
and assessment. As outlined above, different 
methodologies of signal detection and data analy-
sis were implemented during the COVID-19 vac-
cine safety monitoring with the efficacy of these 
techniques often being evaluated simultaneously 
and therefore being fit for future use not only in 
the context of COVID-19 vaccine monitoring. 
However, the strengthening of PV systems and 
tools, such as the adaptations to VigiFlow and 
more frequent updates of VigiBase, allowed asses-
sors to cope with the increased demands, and 
timely assessment and updating of potential 
adverse events for analysis has taken place. Future 
safety monitoring efforts will benefit from the 
experience made during the monitoring of the 
pandemic vaccines. Furthermore, although the 
use of mobile apps in PV has previously been 
integrated into PV systems with good effect,62 the 
COVID-19 pandemic has prompted their more 
extensive use. The effects of this, with regards to 
the vaccine rollout, have not fully been evaluated 
yet. Another aspect UMC’s position allows for, is 
the focussing on the early detection of emerging 
potential safety signals (e.g. by restricting signal 
detection to small case series and applying statis-
tical methods). In this way, safety monitoring 
efforts taken by international PV stakeholders can 
be complemented by work performed at UMC. 
Collaborations with other international PV stake-
holders can benefit from UMC’s global perspec-
tive. Reviews of subjects of interest from this 
perspective can support risk evaluation on 
national and international level.

In general, safety information from the vaccine 
manufacturers and regulatory authorities has 
been transparent, with ongoing investigations, 
decisions and clinical trial data made widely 
available.32,41,44–51,63–65

While passive surveillance is the traditional cor-
nerstone of PV and it has played a crucial role in 
identifying safety signals related to the COVID-
19 vaccines, active surveillance and the ability to 
differentiate from background rates has been cru-
cial in the vaccine safety surveillance. Although 
not possible in all cases, attempts have been made 
to calculate background rates of adverse reactions 
of interest.36,66 In combination with estimates of 
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incidence rates from active surveillance, this has 
allowed for confirmation of safety signals and 
highlighted subgroups at higher risk with updated 
safety information made publicly available67,68 as 
well as comparison of adverse events related to 
COVID-19 disease and the COVID-19 vac-
cines.69 Furthermore, there have been investiga-
tions into hypothesised adverse effects that have 
gained notable media traction, such as concerns 
regarding fertility,70,71 with clarifying statements 
of no evidence of effect.65,72

Outlook
Looking back, adaptations of PV processes can be 
observed everywhere, and their impacts are 
impressive. However, the vaccine rollout is not 
complete, and the COVID-19 pandemic has not 
ended yet. The number of vaccines authorised for 
use is increasing, and with help from the WHO’s 
COVAX programme,73 vaccines are reaching 
more countries, with sometimes less well-estab-
lished pharmacovigilance systems. Identified 
problems for the vaccine deployment in LMICs 
were vaccine safety concerns impacting vaccine 
hesitancy, vaccination service-related, social/reli-
gious- and culture-related, vaccine production 
and cost-related, vaccine distribution and stor-
age-related, as well as vaccination programme 
monitoring and evaluation barriers.74 Despite 
extensive experience from the Expanded 
Programme on Immunisation, the importance of 
strengthening and adaptation of vaccine safety 
monitoring programmes in LMICs represents an 
important but challenging task for the scientific 
community in the future.

The extension of the vaccines’ authorisations for 
the use in additional patient groups, the antici-
pated approval of new vaccines, as well as the 
dynamic change of vaccination schedules (includ-
ing heterologous vaccine schedules) and the 
anticipation of required booster doses the need 
for further process adaptations and shifting of 
focus areas can be anticipated. The introduction 
of extensive transparency measures regarding the 
vaccines and related issues by regulatory authori-
ties worldwide are very positive and it is likely that 
they will continue for the COVID-19 vaccines. 
However, it is important to make sure that trans-
parency does not stop once the pandemic ends 
and that the dialogue between stakeholders of 
drug safety will continue.
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