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Abstract
Introduction COVID-19 vaccines were rapidly authorised, thus requiring intense post-marketing re-evaluation of their 
benefit-risk profile. A multi-national European collaboration was established with the aim to prospectively monitor safety 
of the COVID-19 vaccines through web-based survey of vaccinees.
Methods A prospective cohort event monitoring study was conducted with primary consented data collection in seven 
European countries. Through the web applications, participants received and completed baseline and up to six follow-up 
questionnaires on self-reported adverse reactions for at least 6 months following the first dose of COVID-19 vaccine (Nether-
lands, France, Belgium, UK, Italy) and baseline and up to ten follow-up questionnaires for one year in Germany and Croatia. 
Rates of adverse reactions have been described by type (solicited, non-solicited; serious/non-serious; and adverse events of 
special interest) and stratified by vaccine brand. We calculated the frequency of adverse reaction after dose 1 and prior to 
dose 2 among all vaccinees who completed at least one follow-up questionnaire.
Results Overall, 117,791 participants were included and completed the first questionnaire in addition to the baseline: 88,196 
(74.9%) from Germany, 27,588 (23.4%) from Netherlands, 984 (0.8%) from France, 570 (0.5%) from Italy, 326 (0.3%) from 
Croatia, 89 (0.1%) from the UK and 38 (0.03%) from Belgium. There were 89,377 (75.9%) respondents who had received 
AstraZeneca vaccines, 14,658 (12.4%) BioNTech/Pfizer, 11,266 (9.6%) Moderna and 2490 (2.1%) Janssen vaccines as a first 
dose. Median age category was 40–49 years for all vaccines except for Pfizer where median age was 70–79 years. Most vac-
cinees were female with a female-to-male ratio of 1.34, 1.96 and 2.50 for AstraZeneca, Moderna and Janssen, respectively. 
BioNtech/Pfizer had slightly more men with a ratio of 0.82. Fatigue and headache were the most commonly reported solicited 
systemic adverse reactions and injection-site pain was the most common solicited local reaction. The rates of adverse events 
of special interest (AESIs) were 0.1–0.2% across all vaccine brands.
Conclusion This large-scale prospective study of COVID-19 vaccine recipients showed, for all the studied vaccines, a high 
frequency of systemic reactions, related to the immunogenic response, and local reactions at the injection site, while serious 
reactions or AESIs were uncommon, consistent with those reported on product labels. This study demonstrated the feasibil-
ity of setting up and conducting cohort event monitoring across multiple European countries to collect safety data on novel 
vaccines that are rolled out at scale in populations which may not have been included in pivotal trials.
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Key Points 

The large scale roll-out of the novel COVID-19 vaccines 
called for the introduction of a monitoring system in 
multiple countries for rapid data collection.

This study showed the feasibility of introducing cohort 
event monitoring in multiple countries and pooling of 
aggregated results allowed for near real-time monitoring 
of initial patient reported reactions. 
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1 Introduction

The COVID-19 pandemic led to the accelerated marketing 
of newly developed vaccines against SARS-COV-2 with 
unprecedented speed, on the basis of conditional approval. 
For the COVID-19 vaccines, rapid speed, large Phase 2–3 
clinical trials were organised. For the BioNTech/Pfizer vac-
cine, a multinational, placebo-controlled, observer-blinded, 
efficacy trial included 43,448 subjects: 21,720 with the 
BioNTech/Pfizer vaccine. The primary end points of this 
trial were solicited, specific local or systemic adverse events 
(AEs) and use of antipyretic or pain medication within 7 
days after the receipt of each dose of vaccine or placebo. 
Unsolicited serious AEs were followed through 6 months 
after the second dose [1]. For the AstraZeneca vaccine, a 
multi-national randomised controlled trial enrolled 23,848 
participants, 11,636 of whom were included in the interim 
primary efficacy analysis. The median follow-up period 
for AEs was 3.4 months after the first dose and 2.0 months 
after the second dose [2]. A comparative systematic review 
and meta-analysis of reactogenicity, immunogenicity and 
efficacy of COVID-19 vaccines, which included 32 stud-
ies, demonstrated a 1.7-fold increased risk of any AE in the 
vaccinated group compared to control groups in the trials. 
The majority of reported AEs in those studies were mild, 
and were local and systemic [3]. The vaccine manufacturers 
that received initial conditional approvals by the European 
Medicines Agency (EMA) were BioNTech/Pfizer [4].

The lack of extended follow-up and of inclusion of frag-
ile persons (e.g. pregnant and lactating women, immuno-
compromised patients, patients with history of allergy and 
SARS-COV-2 infection, etc.) in the pivotal clinical trials 
as well as the scale of the vaccination campaigns made it 
imperative to closely monitor COVID-19 vaccine safety dur-
ing the roll-out of the vaccine [5]. In the post-authorisation 
phase, safety monitoring is typically conducted through 
spontaneous reporting systems, which collect data on sus-
pected adverse drug reactions (ADRs) that are spontane-
ously reported by healthcare professionals and citizens. In 
Europe, reports of ADRs are collected nationally and sent 
to the EudraVigilance system of the EMA. Analysis of the 
data, alone or in combination to other pharmacovigilance 
data-sources, can lead to the detection of signals [9], but not 
allow to clearly estimate prevalence of ADRs, since sponta-
neous reporting, by nature, is not exhaustive.

Cohort event monitoring (CEM) is considered active sur-
veillance and allows for in-depth information on the time 
course of reported ADRs, with a clear denominator allowing 
risk quantification. It is well suited to capture reactogenic 
events, including those that are not medically attended. The 
value of CEM as complement to the existing spontaneous 
reporting systems was shown during the H1N1 pandemic in 

different European countries. For instance; a CEM study in 
the Netherlands gave insight into the incidence of adverse 
reactions in a large group of vaccinated persons over a period 
of months and it was possible to follow the time course, 
information about time to onset, duration of reactions and 
action taken when experiencing an adverse reaction. These 
data were under-represented in published trials [6].

Cohort event monitoring studies of COVID-19 vaccines 
have been rolled out in both the USA and the UK. The 
V-Safe study in the USA uses a smartphone-based vaccine 
monitoring system where vaccinated persons answer web-
based questionnaires for post-marketing vaccine safety 
surveillance [7]. In the UK, data from vaccinated persons 
have been collected through the COVID Symptom Study 
app. The app enables self-reported information related to 
SARS-CoV-2 infection to be captured. Vaccinated per-
sons were asked to register data on their vaccination and 
the occurrence of adverse reactions [8]. In the COVID-19 
Citizen Science Study, an online cohort study, partici-
pants completed surveys on health and COVID-19–related 
events [9].

The Early COVID-19 Vaccine Monitor (ECVM) CEM 
project aimed to prospectively collect adverse reaction data 
in near real time from a large cohort of COVID-19 vaccine 
recipients in different European countries. A multinational 
CEM study provides the opportunity to gather safety data 
rapidly and to monitor novel vaccines when they roll out 
with a well-defined denominator.

2  Methods

2.1  Design

Data on occurrence of self-reported, suspected ADRs fol-
lowing the administration of marketed COVID-19 vac-
cines were collected through a multi-site prospective CEM. 
Vaccinees were invited to participate and could register 
to the web-based app up to 48 hours after receiving the 
first COVID-19 vaccine dose. Participants were required to 
provide informed consent during registration and complete 
a baseline questionnaire to collect information on gender, 
age, comorbidities, concomitant drugs, and COVID-19 
vaccination. Participants in Germany were prompted to 
report comorbidities after one year, rather than at base-
line. Follow-up questionnaires were sent after the baseline 
questionnaire.

2.2  Sites

Participants from seven European countries were included 
in this study: Belgium, Croatia, France, Germany, Italy, the 
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Netherlands and the UK. Organisations contributing to the 
CEM project were either National Competent Authorities 
(NCAs), were working in close collaboration with an NCA, 
or received support from an NCA. Table 1 summarises the 
contributing organisations by country.

2.3  Data Collection

Three countries had started preparations for national CEM 
using their own data collection systems prior to the ECVM 
study start: Germany in December 2020, Netherlands and 
Croatia in February 2021. Other countries started using the 
Dutch system (see Table 1). Data collection systems were 
aligned, as much as possible, with countries through the 
use of one common protocol with a predefined set of ques-
tions. Agency for Medicinal Products and Medical Devices 
of Croatia (HALMED) used a web-based application called 
OPeN (Online Platform for Electronic reporting of adverse 
drug reactions), adapted for the purpose of CEM in Croatia 
by providing access to all vaccinees and including scheduled 
questionnaires. In Germany, the Paul-Ehrlich-Institute used 
the smartphone application SafeVac 2.0, initially designed to 
monitor the safety of annual influenza vaccines and adapted 
to record safety of the COVID-19 vaccines. The other five 
participating countries used the Lareb Intensive Monitoring 
(LIM) web app, developed by Lareb in the Netherlands for 
CEM. Participants could register themselves on a website 
designed specifically for this study and each organisation 
had a country-specific website and questionnaires. Approv-
als from ethics committees were obtained in all countries 
and questionnaires were translated to local language and 
were tested.

2.4  Follow‑up Questionnaires

Participants received up to six follow-up questionnaires with 
questions related to possible adverse reactions experienced 
after receiving the first and second dose of the COVID-
19 vaccine over a period of 6 months (all countries using 
LIM) or up to ten questionnaires over 12 months (Croatia, 
Germany) after first vaccine dose administration. The ques-
tionnaires were scheduled to ensure that short-term data on 
possible adverse reactions could be collected after the first 
and second dose of the vaccine in each of the countries and 
that additional follow-up information on medium- to long-
term safety was collected around 3 and 6 months after the 
first vaccination date (Fig. 1). This vaccination date was 
reported by the participant and questionnaire scheduling 
was anchored for this date.

It was expected that most ADRs occurred within 72 h 
after vaccination and the most well-known ADRs recovered 
within five days of vaccination. Therefore, the first question-
naires were sent in the first and second week after vaccina-
tion as shown in Fig. 1. To get the most accurate information 
on ADRs after the second dose, questionnaires were sent 
near to the expected date of vaccination dose 2, based on a 
minimum interval of four weeks between first and second 
dose. The schedules used for follow-up questionnaires were 
adapted as far as possible to vaccine brand and country-spe-
cific scheduled 1–2 dose administrations and as such could 
differ per country (Fig. 1).

2.5  Type of Adverse Reactions

Outcomes of interest were local and systemic reactogenic 
adverse reactions, adverse events of special interest (AESIs) 

Table 1  Recruited vaccinees by country participating in ECVM up to October 2021

DSRU Drug Safety Research Unit, ECVM Early COVID-19 Vaccine Monitor, FAMHP Federal Agency for Medicines and Health Products, 
HELMED Agency for Medicinal Products and Medical Devices of Croatia, PEI Paul-Ehrlich-Institut
*Due to data delivery in batches, inclusion rate is an underestimation for Germany data

Country Organisation Start of data collection Data lock date Recruited vaccinees Participants 
with follow-up 
questionnaire 
after dose 1

Participants 
with follow-
up question-
naire after 
dose 2

Belgium FAMHP August 2021 Oct 2021 67 38 56.7% 32 47.8%
Croatia HALMED February 2021 Sep 2021 538 326 60.6% 83 15.4%
France University of Bordeaux June 2021 Oct 2021 1413 984 69.7% 492 34.8%
Germany PEI December 2020 Sep 2021 182,075* 88,196 48.4% 55,359 30.4%
Italy University of Verona June 2021 Oct 2021 959 570 59.4% 265 27.6%
The Netherlands Pharmacovigilance Centre 

Lareb
February 2021 Oct 2021 30,947 27,588 89.2% 19,126 61.8%

UK DSRU July 2021 Oct 2021 261 89 34.1% 15 5.8%
Total 216,260 117,791 54.5% 75,372 64.0%
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[10] and other serious adverse reactions, which were judged 
by the vaccinee to be related to vaccination. Based on AEs 
most frequently reported in pivotal trials [1, 2, 11, 12], the 
following events were solicited: fatigue, headache, malaise, 
chills, myalgia, fever, arthralgia, nausea and injection-
site reactions. Germany included two additional solicited 
adverse reactions: diarrhoea and dizziness. Participants 
were systematically asked whether they experienced these 
reactions; however, they were also able to report any other 
suspected adverse reactions. All reactions were coded using 
the MedDRA coding system (version 24.0) [13].

All data collection tools were built to include coding of 
the data, both manually and automatically. The solicited 
ADRs were coded with their corresponding Preferred Terms 
(PT), except fever and injection-site reaction, which had 
more extensive options for coding. These solicited ADRs 
were coded automatically in the SafeVac 2.0 app and the 
LIM web app as described in Fig. 2. Coding of unsolicited 
reactions was guided by MedDRA points to consider [14] 
and internal guidance documents to maintain coding consist-
ency. Trained assessors in the participating countries coded 
the reported ADRs into English Lower-Level Terms (LLT).

In this way, a library was created in which participant-
reported text was linked to the MedDRA code chosen by 
an assessor. From this library, MedDRA code suggestions 
were assigned automatically to future reported unsolicited 

reactions in the same language and country. This process of 
auto-coding helped improve data quality and minimise time 
and resources needed for coding.

According to Council for International Organizations of 
Medical Sciences (CIOMS) criteria [15], reported reactions 
were classified as serious if: fatal, life-threatening, causing/
prolonging hospitalisation, resulting in persistent or signifi-
cant disability or incapacity, requiring intervention to pre-
vent permanent damage, or causing congenital anomalies. 
The assessors also manually evaluated whether the reported 
ADR, solicited or unsolicited, met the CIOMS seriousness 
criteria and, when necessary, requested additional informa-
tion from the vaccine. Adverse events of special interest 
were defined based on the list of AESI (see Electronic Sup-
plementary Material 2) that was established by the ACCESS 
project during the initiation of the study [16]. Adverse reac-
tions reported in questionnaires between the date of the first 
dose and the date of the second dose were defined as dose 
1 adverse reactions.

2.6  Data Sharing

Germany and Croatia shared aggregated data from their own 
applications with Lareb by local completion of pre-defined 
shell tables containing: age, gender, country, comorbidity, 
reported adverse reactions, vaccine brand and whether data 

Fig. 1  Questionnaire scheduling schemes for the participating coun-
tries over time (days). b baseline, LIM data collection tool used by the 
Netherlands, Italy, Belgium, France and the UK with three different 

schedules per country, OPeN data collection tool used by Croatia, q 
questionnaire, SafeVac 2.0 data collection tool used by Germany with 
different schedule per vaccine brand
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were reported between the first and second dose or after the 
second dose. Data reported and assessed up to October 2021 
are included in this paper. Release of data in Germany was 
organised by manufacturer. For the current paper it com-
prises data on AstraZeneca and Moderna vaccine only, as 
data on BioNTech/Pfizer were incomplete at time of writ-
ing. Data collected in the LIM app by the various countries 
were submitted to the Lareb server and analysed by Lareb. 
Monthly updates based on aggregated data from all study 
sites were pushed to an interactive POWERBI dashboard 
for use by consortium members and the EMA. In addition, 
all reactions reported through the data collection tools in 
Belgium, Croatia, Germany, Italy and the Netherlands were 
submitted to the EudraVigilance (EV) database. Data pro-
cessing is described in Electronic Supplemental Material 1.

2.7  Data Analysis

The data available for this report were aggregated datasets 
with predefined stratification. We used descriptive statis-
tics to describe baseline characteristics of participating 
vaccinees. Recruited participants were defined as persons 

registering for the study. Responding participants were 
defined as persons registering for the study and providing 
baseline information and at least one questionnaire related 
to dose 1. Percentage of adverse reactions was calculated 
using the number of subjects reporting an adverse reaction 
in questionnaires related to dose 1, divided by the number 
of subjects who completed any of the questionnaires related 
to dose 1.

3  Results

A total of 216,260 subjects registered for the CEM and 
117,791 (54.5%) of the recruited participants completed at 
least one questionnaire after dose 1; of those, 29,270 (24.8%) 
persons were participating through the LIM app, 326 (0.3%) 
the OPeN app (Croatia) and 88,197 (74.9%) in SafeVac 2.0 
(Germany).

Of the 117,791 participants, 89,377 (75.9%) had received 
a first dose of AstraZeneca vaccine, 14,658 (12.4%) a first 
dose of BioNTech/Pfizer vaccine, 11,266 (9.6%) had a first 
dose of the Moderna vaccine and 2490 (2.1%) participants 

Fig. 2  Flowchart of adverse drug reaction (ADR) assessment in systems with automatic coding
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received a first dose of the Janssen vaccine (Table 2). Median 
age category was between 40 and 49 years for respondents 
having AstraZeneca, Moderna or Janssen Covid-19 vaccine, 
and 70–79 years for BioNTech/Pfizer median age category 
(Table 2). The majority of vaccinees with AstraZeneca vac-
cine dose 1 were female (57.2%) and for Janssen this was 
71%. For vaccinees with Pfizer vaccine 45.1% were female 
and for Moderna 68.2% of gender was unknown. This was 
due to technical difficulties in data extraction from Germany.

3.1  Solicited Adverse Reactions

The most commonly reported solicited systemic reaction 
was fatigue, which was closely followed by headache and 
malaise (Table 3). Fatigue was reported by 48,212 (53.9%) 
participants who received the AstraZeneca vaccine and 
1261 (50.6%) participants who received Janssen. Fewer 
participants reported this adverse reaction after their first 
dose of BioNTech/Pfizer and Moderna vaccines, in total 
2519 (17.2%) and 3971 (35.2%) participants, respectively. 
Headache was reported almost as often as fatigue in those 
receiving AstraZeneca and Janssen, 53.3% and 49.6%, 
respectively. This was lower in the BioNtech/Pfizer (11.9%) 
and Moderna (29.8%) groups. It was found that reports 
of any systemic solicited reactions were more frequent in 
participants receiving the AstraZeneca or Janssen vaccine 
compared with participants receiving other vaccine brands. 

Participants who received the BioNtech/Pfizer vaccine were 
less likely to report any systemic solicited adverse reactions 
when compared with other vaccine brands. The most com-
monly reported local reaction across all vaccine brands 
was coded as ‘injection-site pain’ with participants receiv-
ing AstraZeneca and Moderna reporting this reaction most 
frequently, 47,187 (52.8%) and 5755 (51.1%) participants, 
respectively. For participants receiving Moderna, this was 
overall the most commonly reported solicited adverse reac-
tion. Participants who received BioNTech/Pfizer reported 
‘injection-site pain’ at a higher rate (24.1%) than any of the 
systemic solicited adverse reactions.

3.2  Non‑solicited Reactions

Dizziness was the most frequently reported unsolicited 
adverse reaction across all vaccine brands A total of 17,051 
(19.1%) participants receiving AstraZeneca reported this 
reaction, followed by 1001 (8.9%) participants receiv-
ing Moderna. Only 158 (1.1%) and 56 (2.3%) participants 
receiving BioNTech/Pfizer and Janssen, respectively, 
reported dizziness. Diarrhoea was the second most com-
monly reported unsolicited reaction, with AstraZeneca and 
Moderna recipients showing the most frequent reports of 
4.1% and 3.6%, respectively. These two events were included 
as solicited adverse reactions in Germany, which may have 
increased the frequency of reporting these reactions. Other 

Table 2  Vaccinees with at least 
one follow-up questionnaire by 
country and vaccine brand

AstraZeneca BioNtech/Pfizer Moderna Janssen Total

n n N n n

Belgium 1 0.00% 28 0.19% 1 0.01% 8 0.32% 38 0.03%
Germany 80,510 90.08% 0 0.00% 7686 68.22% 0.00% 88196 74.87%
France 3 0.00% 946 6.45% 32 0.28% 3 0.12% 984 0.84%
Croatia 47 0.05% 241 1.64% 25 0.22% 13 0.52% 326 0.28%
Italy 3 0.00% 472 3.22% 87 0.77% 8 0.32% 570 0.48%
The Netherlands 8811 9.86% 12,894 87.97% 3425 30.40% 2458 98.71% 27,588 23.42%
UK 2 0.00% 77 0.53% 10 0.09% 0.00% 89 0.08%
Gender
 Female 51,100 57.17% 6605 45.06% 2370 21.04% 1777 71.37% 61,852 52.51%
 Male 382,77 42.83% 8053 54.94% 1210 10.74% 713 28.63% 48,253 40.96%
 Unknown 7686 68.22% 0.00% 7686 6.53%

Age category
 0–19 years 1388 1.55% 393 2.68% 122 1.08% 31 1.24% 1934 1.64%
 20–29 years 16,142 18.06% 1238 8.45% 1885 16.73% 366 14.70% 19,631 16.67%
 30–39 years 18,506 20.71% 1406 9.59% 2917 25.89% 390 15.66% 23,219 19.71%
 40–49 years 16,140 18.06% 1004 6.85% 2754 24.45% 589 23.65% 20,487 17.39%
 50–59 years 16,881 18.89% 752 5.13% 2686 23.84% 1063 42.69% 21,382 18.15%
 60–69 years 16,821 18.82% 742 5.06% 582 5.17% 47 1.89% 18,192 15.44%
 70–79 years 3366 3.77% 5427 37.02% 282 2.50% 4 0.16% 9079 7.71%
 80+ years 133 0.15% 3696 25.21% 38 0.34% 0 0.00% 3867 3.28%

Total 89,377 100% 14,658 100% 11,266 100% 2490 100% 177,791 100%
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than these two adverse reactions, the frequency and type 
of other non-solicited adverse reactions was lower and 
varied highly across vaccine brands, with more than 800 
different MedDRA Preferred Terms being coded. Table 4 
describes the 10 most frequently reported unsolicited 
adverse reactions.

3.3  AESI and Serious Adverse Reactions

Of the 2490 participants who received Janssen, 5 (0.2%, 95% 
CI 0–0.4%) reported an adverse reaction that was classified 
as AESI, versus 7 (0.1%, 95% CI 0–0.1%) for Moderna, 20 
(0.1%, 95% CI 0–0.2%) for BioNTech/Pfizer and 95 (0.11%, 
9% CI 0.10–0.12%) for AstraZeneca. The most commonly 
reported AESI was respiratory distress, which was observed 
in 44, 3, and only 1 in AstraZeneca, Moderna and BioNtech/
Pfizer vaccinated respondents, respectively (Table 5). Of the 
89,337 participants who received AstraZeneca, 628 (0.7%, 

95% CI 0.6–0.8%) reported at least one serious adverse reac-
tion, as compared to 45 (0.4%, 95% CI 0.3–0.5%) for Mod-
erna, 4 (0.2%, 95% CI 0–0.3%) for Janssen and 16 (0.1%, 
95% CI 0.1–0.2%) for BioNTech/Pfizer participants.

4  Discussion

Setting up and conducting this CEM study in seven countries 
was a challenging task, but this study shows the feasibility 
of such an undertaking. Data were made available in real-
time on dashboards, allowing for regular updates on adverse 
reaction rates as the vaccines were being rolled out across 
Europe. The results presented should be interpreted in the 
light of vaccination recommendations at the time of data 
capture. Due to the aggregated nature of these initial datasets 
used, additional stratification and analyses were not possible; 
however, this will change as more data become available 

Table 3  Solicited adverse 
reactions reported by vaccinee 
after the first COVID-19 
vaccine dose (and before dose 
2, whenever applicable) among 
all registered persons who 
returned at least one follow-up 
questionnaire, stratified by 
vaccine brand

a Injection site (IS) reactions where n ≤ 5 for all vaccine brands not included in table

AstraZeneca (n = 
89,377) (median 
age: 40–49 years) 
(female/male ratio: 
1.34)

Pfizer (n = 
14,658) (median 
age: 70–79 
years) (female/
male ratio: 0.82)

Janssen 
(n=2490) 
(median age: 
40–49 years) 
(female/male 
ratio: 1.96)

Moderna (n 
= 11,266) 
(median age: 
40–49 years) 
(female/male 
ratio: 2.50)

N % N % N % N %

Systemic adverse reactions
 Fatigue 48,212 53.9% 2519 17.2% 1261 50.6% 3971 35.3%
 Headache 47,640 53.3% 1745 11.9% 1236 49.6% 3354 29.8%
 Malaise 32,027 35.8% 1480 10.1% 1175 47.2% 2217 19.7%
 Chills 31,795 35.6% 619 4.2% 928 37.3% 1004 8.9%
 Myalgia 29,956 33.5% 2405 16.4% 1047 42.1% 2695 23.9%
 Pyrexia 28,370 31.7% 354 2.4% 762 30.6% 824 7.3%
 Arthralgia 20,175 22.6% 581 3.9% 484 19.4% 1060 9.4%
 Nausea 13,227 14.8% 630 4.3% 490 19.7% 922 8.2%
 Body temperature increased 904 1.0% 129 0.9% 136 5.5% 125 1.1%
 Hyperpyrexia 82 0.1% 1 0.01% 11 0.4% 0.00%

Local adverse  reactionsa

 IS pain 47,187 52.8% 3538 24.1% 831 33.4% 5755 51.1%
 IS swelling 11,585 13.0% 727 5.0% 264 10.6% 2377 21.1%
 IS inflammation 1789 2.0% 749 5.1% 260 10.4% 717 6.4%
 IS warmth 1152 1.3% 451 3.1% 150 6.0% 488 4.3%
 IS erythema 831 0.9% 235 1.6% 96 3.9% 443 3.9%
 IS haematoma 483 0.5% 253 1.7% 113 4.5% 185 1.6%
 IS pruritus 413 0.5% 145 1.0% 42 1.7% 249 2.2%
 IS discomfort 215 0.2% 268 1.8% 48 1.9% 115 1.0%
 IS induration 97 0.1% 49 0.3% 9 0.3% 96 0.9%
 IS bruising 21 0.02% 0 0.0% 0 0.00% 4 0.04%
 IS reaction 15 0.02% 14 0.1% 1 0.04% 6 0.1%
 IS hypoaesthesia 12 0.01% 4 0.03% 1 0.04% 4 0.04%
 IS paraesthesia 8 < 0.01% 3 0.02% 2 0.08% 5 0.04%
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and analyses can be performed on record-based rather than 
aggregated data. Nevertheless, the following insights gained 
on solicited, unsolicited and serious adverse reactions along 
with monitoring of AESI provided important safety data in 
a rapid context.

4.1  Solicited Adverse Reactions

The solicited reactions are expected and labelled, these 
ADRs are directly related to the immune response that is 
boosted by the vaccine or the injection site. Across all vac-
cine brands, fatigue was the most commonly reported solic-
ited systemic adverse reaction by study participants: 48,212 
(53.9%), 2519 (17.2%), 1261 (50.6%) and 3971 (35.3%) 
for AstraZeneca, BioNtech/Pfizer, Janssen and Moderna, 
respectively. Headache was the second most frequent ADR 
for AstraZeneca with 47,640 (53.3%), Janssen with 1236 
(49.6%) and Moderna with 3353 (29.8%) participants report-
ing this reaction. However, for BioNtech/Pfizer recipients, 
myalgia was the second most commonly reported solicited 
adverse reaction. These findings are in accordance with the 
Summary of Product Characteristics (SmPCs) for these 
vaccines [4, 17–19]. The most common AEs described for 
BioNtech/Pfizer [4] include pain and swelling at the injec-
tion site, tiredness, headache, muscle and joint pain, chills, 
fever and diarrhoea. They affected more than 10% of vac-
cinees and were usually mild or moderate and improved 
within a few days after vaccination. This is comparable 
to the rates reported in this study for fatigue (tiredness), 
headache and myalgia (muscle ache); however, arthralgia 
(joint pain) and injection-site swelling were reported less 
frequently, 581 (3.9%) and 727 (5.0%), respectively. Due to 

the aggregated nature of the datasets used, adjusting for age 
and gender was not possible, particularly for BioNtech/Pfizer 
where more than 50% of data were represented by partici-
pants aged > 70 years. For Moderna [17] adverse reactions 
labelled as common were pain and swelling at the injection 
site, tiredness, chills, fever, swollen or tender lymph nodes 
under the arm, headache, muscle and joint pain, nausea 
(feeling sick) and vomiting. For AstraZeneca [18] common 
adverse effects listed were tenderness, pain and bruising at 
the injection site, headache, tiredness, muscle pain, general 
feeling of being unwell, chills, fever, joint pain and nausea. 
For Janssen [19], the adverse reactions labelled as common 
were pain at the injection site, headache, tiredness, muscle 
pain and nausea. In our study, fatigue and headache were 
both reported in more than 50% of participants after the first 
dose of AstraZeneca vaccine and in approximately 50% of 
Moderna recipients. Fever was reported by more than 30% 
of participants who received AstraZeneca and Moderna—
higher than those reported for the Pfizer and Janssen vac-
cines. For Pfizer and Janssen, the percentage of vaccinated 
persons who reported pyrexia was lower than in the SmPC, 
which may be due to age and co-morbidity (and immuno-
genic response) between respondents and trial participants.

4.2  Non‑solicited Adverse Reactions

Dizziness, diarrhoea and vomiting were not in the prede-
fined list of solicited reactions for most countries in our 
study, except for Germany where dizziness and diarrhoea 
were solicited adverse reactions. These were frequently 
reported systemic effects for all vaccine brands. Dizzi-
ness was reported most often by participants receiving the 

Table 4  Ten most frequently 
reported unsolicited adverse 
reactions reported by vaccinee 
after the first COVID-19 
vaccine dose (and before dose 
2, whenever applicable) among 
all registered persons who 
returned at least one follow-up 
questionnaire, stratified by 
vaccine brand

a Solicited adverse event in the SafeVac 2.0 German data collection
b Three most commonly reported by vaccine brand

AstraZeneca (n = 
89,377) (median age: 
40–49 years) (female/
male ratio: 1.34)

Pfizer (n = 
14,658) (median 
age: 70–79 years) 
(female/male ratio: 
0.82)

Janssen (n = 
2490) (median 
age: 40–49 years) 
(female/male 
ratio: 1.96)

Moderna 
(n=11,266) 
(median age: 
40–49 years) 
(female/male 
ratio: 2.50)

N % N % N % N %

Dizzinessa 17,051b 19.1% 158b 1.1% 56b 2.3% 1001b 8.9%
Diarrhoeaa 3657b 4.1% 120b 0.8% 35b 1.4% 400b 3.6%
Lymphadenopathy 376 0.4% 41 0.3% 21 0.8% 162b 1.4%
Pain in extremity 603 0.7% 106b 0.7% 21 0.8% 119 1.1%
Nasopharyngitis 546 0.6% 47 0.3% 21 0.8% 107 1.0%
Oropharyngeal pain 526 0.6% 53 0.4% 19 0.8% 93 0.8%
Vomiting 1615b 1.8% 21 0.1% 10 0.4% 86 0.8%
Cough 351 0.4% 25 0.2% 12 0.5% 57 0.5%
Paraesthesia 330 0.4% 61 0.4% 30b 1.2% 53 0.5%
Pruritus 196 0.2% 34 0.2% 5 0.2% 52 0.5%



399Cohort Event Monitoring of Adverse Reactions to COVID-19 Vaccines

AstraZeneca vaccine (19.1%). This is a higher percentage 
than is currently presented in the SmPC; the frequency is 
labelled ‘Uncommon (may affect up to 1 in 100 people)’ 
[18]. However, dizziness was a solicited event in Germany. 
The AstraZeneca vaccine recipients (almost all from Ger-
many) reported many common solicited adverse reactions: 
half of all respondents reported fatigue and headache while 
more than one-third reported malaise, chills, myalgia and 
pyrexia. Half of all respondents receiving the Janssen vac-
cine reported fatigue, headache and malaise and one-third 
experience chills, myalgia and pyrexia.

4.3  AESI and Serious Adverse Reactions

Adverse events of special interest were rare, which is con-
sistent with the product labels. The SmPC of Moderna 
reports sleepiness as being a very common (> 1/10) reaction 
with no further mention of severe forms as reported in this 
study: 1 (0.009%) participant reported hypersomnia [17]. 
Facial swelling was one of the few rare AESIs reported in 
the SmPC of Moderna, but was not reported by any partici-
pants receiving this vaccine brand. The majority of AESIs 
were reported by participants receiving AstraZeneca, with 
most being for respiratory distress: a total of 40 (0.05%) par-
ticipants reported this reaction. This is not in line with the 

Table 5  AESI reported by 
vaccinee after the first COVID-
19 vaccine dose (and before 
dose 2, whenever applicable) 
among all registered persons 
who returned at least one 
follow-up questionnaire, 
stratified by vaccine brand

AESI adverse event of special interest
a The cause of death is coded with the specific MedDRA code in combination with the outcome ‘death’, 
unless the exact cause of death is not known, in which case the MedDRA code ‘death’ is used

AstraZeneca 
(n = 89377) 
(median age: 
40–49 years) 
(female/male 
ratio: 1.34)

Pfizer 
(n=14658) 
(median age: 
70–79 years) 
(female/male 
ratio: 0.82)

Janssen 
(n=2490) 
(median age: 
40–49 years) 
(female/male 
ratio: 1.96)

Moderna (n 
= 11,266) 
(median age: 
40-49 years) 
(female/male 
ratio: 2.50)

N % N % N % N %

Acute myocardial infarction 1 0.001%
Anaphylactic reaction 3 0.003% 1 0.040%
Arrhythmia 9 0.010% 2 0.014%
Atrioventricular block complete 1 0.007%
Cerebral venous sinus thrombosis 1 0.001%
Cerebrovascular accident 1 0.007%
COVID-19 7 0.008% 6 0.041% 3 0.120%
Deatha 1 0.001%
Deep vein thrombosis 1 0.001%
Epilepsy 2 0.002% 1 0.009%
Facial paralysis 1 0.001%
Facial paresis 1 0.001%
Hypersensitivity 7 0.008% 5 0.034% 1 0.009%
Hypersomnia 1 0.009%
Myocardial infarction 2 0.014%
Myocarditis 1 0.007%
Pericarditis 1 0.007%
Petit mal epilepsy 1 0.007%
Portal vein thrombosis 1 0.001%
Product administration error 1 0.040%
Pulmonary embolism 2 0.002%
Respiratory arrest 1 0.001%
Respiratory distress 40 0.045% 1 0.007% 3 0.027%
Seizure 2 0.002%
Sudden hearing loss 8 0.009% 1 0.009%
Thrombosis 7 0.008%
Vasculitis 2 0.002%
Any reported AESI 97 0.11% 21 0.14% 5 0.20% 7 0.06%
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SmPC for AstraZeneca, as there is no mention of pulmonary 
disorders reported post-vaccination [18]. Further analysis on 
age and comorbidities of these participants is necessary in 
order to understand whether or not this is related to under-
lying health issues. Many thrombotic events are reported 
by participants who received AstraZeneca. For example, 1 
(0.001%) participant reported an acute myocardial infarct 
and 2 (0.002%) participants reported pulmonary embolism. 
The SmPC for AstraZeneca only mentions thrombotic events 
in combination with thrombocytopenia [18].

Serious reactions in this study did not give rise to a safety 
signal on their own but were used in routine signal detection 
procedures, next to spontaneous reports.

The rate of serious reactions was uncommon in all recipi-
ents of all vaccine brands between first and second doses. 
The crude rate was highest for AstraZeneca recipients with 
0.7%, 95% CI 0.6%–0.8%, followed by 0.4%, (95% CI 
0.3–0.5%) for Moderna, 0.2%, (95% CI 0–0.3%) for Jans-
sen and 0.11%, (95% CI: 0.10–0.2%) for BioNTech/Pfizer 
participants. Whether these differences can be explained by 
the age/gender/co-morbidity distribution of the population 
receiving this vaccine, media attention around vaccines or 
higher risks around these vaccines cannot be answered based 
on the aggregated data. Future analyses will require stand-
ardisation and/or adjustments for baseline characteristics to 
allow for comparison of rates between vaccine brands.

4.4  Strengths and Limitations

The strength of this study is the large cohort size, which 
spans across multiple European countries and collects 
detailed and longitudinal data on safety of the novel COVID-
19 vaccines. The use of patient-reported outcomes enables 
us to capture data on adverse reactions that would otherwise 
not be captured in medical records because most vaccinated 
persons who have short-lasting, non-serious adverse reac-
tions, will not attend their physician. Cohort event moni-
toring studies have earned their place among the methods 
of gathering rapid post-marketing data on safety, especially 
in the first phase of roll-out when large administrative data 
sources that can be used retrospectively, are not yet avail-
able, or in countries where these are not available at all [6, 
20–23].

This study has several limitations, some of these being 
temporary, while others are inherent to the setting of the 
study. First, the study is ongoing and we report follow-up 
data up until the time this paper was drafted. Second, par-
ticipants who experienced an adverse reaction may be more 
inclined to fill in follow-up questionnaires. However, the 
limitation of the registration within 48 hours after receiv-
ing the vaccination should partially limit this issue. The 48 
hours were necessary since most participants would only 
be invited to participate at vaccination sites. Participants 

who experienced an adverse reaction could be more likely 
to continue their participation longer than those who expe-
rienced no adverse reactions. However, a previous study for 
the Dutch data reported the results of a sensitivity analysis, 
which showed that this bias was limited [24].

Reporting may depend on age, and crude comparisons 
between brands are confounded by age and other variables. 
Respondents with BioNTech/Pfizer vaccine were much older 
than respondents with other vaccines, which may have led 
to the lower rate of adverse reactions since the immune 
response (and therefore reactogenicity) may be lower with 
old age [25]. Confounding by gender, age and co-morbidity 
was not accounted for in this first paper. The start date of the 
studies had an impact on the absolute number of participants 
and inclusions because of the rapid roll-out of the vacci-
nation campaigns. The willingness for the general public 
to contribute to vaccine safety was probably higher at the 
start of vaccine roll-out, which may be a disadvantage to the 
sites that started the study much later than initially planned, 
despite efforts to promote the studies and disseminate study 
material to increase inclusions. The willingness to continue 
participation may have decreased over time, with a consider-
able loss to follow-up. In turn this would lead to bias in the 
data collected in later rounds. Analysing this loss to follow-
up with an additional comparison between countries will 
be necessary to understand the impact. We decided that the 
use of the persons with at least one follow-up questionnaire 
as denominator may lead to an overestimate of the rate of 
adverse reactions, which we did to be conservative.

All data collection tools were internet- or smartphone-
based applications. Only those participants with an internet 
connection and/or a smartphone were able to register for the 
study. While countries with multiple official languages had 
the opportunity to have multi-language data collection tools, 
it was not possible to offer other language options for smaller 
groups such as migrants. Participants had to fill in their ques-
tionnaires by themselves or find help independently to do so. 
Despite these limitations, the elderly population does seem 
to be represented across multiple applications, countries and 
vaccine brands.

The limitation of the aggregated data and the availability 
of updated data leads to data which may not be representa-
tive of the vaccinated population. Additionally, comparisons, 
whether between vaccine brands or between countries, are 
only possible when confounding factors such as age, gender 
and comorbidities, can be considered. With the addition of 
the data for future analyses, data on other subpopulations 
may become available.

The roll-out of the novel COVID-19 vaccines was rapid 
and with every approval of a new vaccine brand, European 
countries were able to add a new vaccine to their vacci-
nation strategies. Data collection had to be adapted along 
with all these changes, including adding additional vaccine 



401Cohort Event Monitoring of Adverse Reactions to COVID-19 Vaccines

brands with different dose intervals. Unfortunately, the roll-
out of the LIM data collection tool was much later in some 
countries than the roll-out of the vaccines, leading to certain 
populations that were vaccinated early on in the process, not 
being included. It points to the fact that for future monitor-
ing, readiness of data collection infrastructures and approv-
als is important to implement CEM. Those countries with 
readiness of data collection infrastructures in place, funded 
by national governments, were ready to start enrolment at 
the beginning of the vaccination campaign.

In addition, the variation in interpretation of General 
Data Protection Regulation (GDPR) in Europe lead to a 
delay in medical and ethical committee approval, which in 
turn severely delayed the start of the study for many coun-
tries. The ECVM study has given insight into this variation. 
Medical and ethical approval should be initiated as early as 
possible.

Vaccine safety was a concern for the general public and 
extensive media attention was given when new information 
on vaccine safety became available. This media attention 
may have impacted on the reporting of adverse reactions, 
as observed in the spike of reports to spontaneous report-
ing systems [26]. In April 2021, EMA confirmed a possible 
link between AstraZeneca and the rare combination of blood 
clots combined with low platelet counts [27], which lead to 
a (temporary) halt in vaccinating specific sub-populations 
with this vaccine [28]. This also meant that the targeted 
population for specific vaccine brands was adjusted during 
data collection.

For this study, data on adverse reactions occurring 
between the first and second vaccination were included. The 
follow-up period following dose 1 is comparable across all 
countries and all data collection systems. Due to varying 
schedules of the questionnaires, combined with variations 
in the dose interval of the vaccine brands, and the changes 
made in these intervals in the national vaccination strate-
gies, analysis of dose 2 data without taking these points into 
account is not reliable and was therefore not included. Future 
analysis will provide insight into the safety profile after the 
second dose of vaccination or during longer term follow-up.

4.5  Future Studies

The rapid introduction of the novel COVID-19 vaccines 
along with the many unknowns such as varying national 
vaccination strategies, unknown dose intervals, and target 
populations were challenging for the study initiation. Avoid-
ing these unknowns in future may be impossible; however, 
the ECVM study gives insight into these obstacles for future 
pandemic preparedness.

The ECVM study has provided real-time monitoring in 
the early phase of COVID-19 vaccine distribution and has 
created valuable data for further analysis. It allowed access 

to near-real time data for regulators through a dashboard. 
Moreover, reactions were also reported to the EudraVigi-
lance data source, which can be queried by the public. The 
longitudinal character of the data collection will make it 
possible to explore time patterns of reactions and the occur-
rence of reactions with a longer time-to-onset. The role of 
age, sex and comorbidities and concomitant use of medica-
tion in the occurrence of adverse effects needs to be further 
explored. This should be done in light of the different study 
populations included for the various countries, with different 
vaccination strategies.

5  Conclusion

This study, that collates person-reported data from more 
than 100,000 COVID-19 vaccine recipients, showed that 
it is possible to harmonise CEM across multiple countries 
to collect safety data on novel vaccines that are rolled out 
at scale in populations that may not have been included 
in pivotal trials. The study confirmed the safety informa-
tion in the product labels: reactogenic reactions, related to 
immunogenic response, and local injection-site reactions 
were very common across all vaccines, whereas serious 
reactions or AESIs were rare. Dizziness, diarrhoea and 
vomiting were the most frequent common non-solicited 
systemic reactions. Post-marketing monitoring of adverse 
reactions of the newly developed COVID-19 vaccines is 
not only necessary to understand the safety of these vac-
cines, but also gives insight into the more common and 
expected adverse reactions. Data on reported reactions will 
help inform vaccine recipients of the reactions they could 
expect and how these may differ by vaccine brand, and sex 
and age of the recipient.
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