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ABSTRACT

Objectives To describe the incidence of adverse events
(AEs), reactogenicity symptoms, menstrual changes and
overall self-rated improvement in health and well-being
after COVID-19 vaccination.

Design VACACOVID is an ongoing prospective, active
observational, post-authorisation cohort safety study
(PASS) of UK-approved vaccines for COVID-19 disease.
Setting The study is conducted through a secure website
(www.vac4covid.com) by MEMO Research, University of
Dundee, UK.

Participants 16265 adult (18 years or older) UK residents
with a valid email address and internet access.
Interventions Any UK-authorised COVID-19 vaccination.
Main outcome measures The outcomes reported in

this interim analysis include AEs, reactogenicity-type AEs
(headache, fatigue, muscle or joint pain, fever, nausea,
dizziness or local vaccine reaction), menstrual changes
and reported improvement in overall health and well-
being.

Results 11475 consented participants (mean age 54.8
years) provided follow-up data between 2 February and

5 October 2021 (mean follow-up duration 184 days),

by which date 89.2% of participants had received two
vaccine doses. 89.8% of 5222 participants who completed
a follow-up questionnaire in the 7 days after any COVID-19
vaccination reported no AEs. The risk of experiencing

any event (not necessarily vaccine-related) requiring
hospitalisation was less than 0.2%. 43.7% of post-
vaccination follow-up records reported improvement in
health and well-being. Reactogenicity-type reactions were
more common in the week after the first dose of ChAdOx1
than BNT162b2 (7.8% vs 1.6%), but this relationship was
reversed after the second dose (1.3% vs 3.1%). 0.3% of
women reported menstrual symptoms after vaccination;
no differences between vaccine type or dose order were
detected.

Conclusions The study provides reassuring data on low
rates of AEs after COVID-19 vaccination. Differences in
reactogenicity-type AE profiles between ChAdOx1 and
BNT162b2 and between first and second doses of these
vaccines were observed.

Trial registration number ISRCTN95881792; Pre-results.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Comprehensive comparison of post-vaccination
adverse medical events of commonly used UK
COVID-19 vaccines, including first and subsequent
doses.

= Events were assessed using open questions and
participant reporting using a bespoke entry sys-
tem based on the MedDRA (Medical Dictionary for
Regulatory Activities) coding dictionary.

= Positive affirmation of absence of adverse health
events.

= Voluntary online study susceptible to selection and
reporting bias.

INTRODUCTION

Vaccination is a cornerstone of worldwide
efforts to tackle the COVID-19 pandemic,
and over 53.2% of the global population has
now received at least one dose of vaccina-
tion against SARS-CoV-2." Because vaccines
are used to prevent potential future disease,
a higher standard of safety is expected than
for treatments for active disease, for example,
antibiotics.

Three vaccines have been used in the
UK COVID-19 vaccine programme to date:
Vaxzevria (ChAdOxl, previously COVID-19
vaccine  AstraZeneca), Pfizer-BioNTech
(BNT162b2) and Spikevax (mRNA-1273,
formerly COVID-19 Vaccine Moderna), which
was approved later and has been deployed
less widely. A fourth, Janssen (Ad26.COV2.S),
has been approved but is not yet in routine
use.

Monitoring of adverse effects is a signif-
icant part of any prelicensing vaccine
research. Clinical trials systematically solicit
reports of reactogenicity (expected phys-
ical manifestations of the immune response
to vaccination), anaphylactic reactions,
autoimmune events and any new diagnoses
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after vaccination. Clinical trials of all four UK-approved
COVID-19 vaccines have found them acceptably safe in
terms of serious adverse events (SAEs). However, all have
reported non-serious short-term adverse events (AEs),
such as local injection site symptoms and systemic symp-
toms like headache, myalgia, fever and chills, occurring
in more than 1 in 10 vaccine recipients.*™

Reactogenicity-related symptoms can impact individual
and community behaviours and attitudes towards future
vaccination despite not presenting a safety concern.” Any
reduction in population vaccine coverage threatens the
effectiveness of vaccination programmes. Therefore, it
is necessary to understand which vaccine recipients are
most at risk of reactogenicity symptoms and whether
the available vaccines differ in their side effect profiles.
Improved understanding of post-vaccine symptoms will
allow better-informed planning of future vaccination
programmes. Furthermore, by providing accurate infor-
mation to the public about potential side effects to expect
after vaccination, we might also minimise any impact of
unexpected symptoms on future vaccine acceptance.

While UK vaccine recipients are encouraged to report
side effects to their vaccine provider or directly to the
Medicines and Healthcare Regulatory Authority (MHRA)
via the Yellow card system,’ many side effects are likely
to be underreported. Active surveillance studies, proac-
tively eliciting participantreported symptoms and diag-
noses, are necessary to understand better the adverse
health events experienced, especially self-limited symp-
toms managed by self-care alone. The postvaccination
menstrual irregularities that have been reported widely
in the media™ are an excellent example of potential
vaccine adverse effects that may be best assessed using an
active surveillance method.

This study design also provides an ideal opportunity
to capture positive reporting of an absence of AEs after
vaccination, allowing a more accurate estimation of event
rates.

VAC4COVID (SARS-CoV-2 Vaccination for COVID-19
Disease Safety Study) is an independent academic
UK-wide web-based study designed to collect patient-
reported adverse medical events before and after vacci-
nation. The study design also allows clinical validation
of any serious or non-serious adverse events of special
interest (AESIs).'"” We present an interim analysis of AR
data collected between 2 February 2021 and 5 October
2021 in the VAC4COVID study.

OBJECTIVES

The primary objective of the VAC4COVID study is
to examine the safety of COVID-19 vaccinations by
collecting participant-reported event data and routinely
collected hospitalisation and mortality data before and
after vaccination. In this interim analysis, we report
selected participantreported secondary outcomes from
data collected between 2 February 2021 and 5 October
2021: incidence of AEs, reactogenicity-type symptoms and

menstrual changes, and participant self-assessed changes
in overall health and well-being.

METHODS

Design

VAC4COVID is a prospective, active observational, post-
authorisation cohort safety study (PASS) of UK-approved
vaccines for COVID-19 disease.

Setting

VAC4COVID is an online study'’ developed and coordi-
nated by MEMO Research, University of Dundee, UK.
Participants included in this analysis were recruited from
the UK adult population, between 2 February 2021 and 5
October 2021, by general advertisement, including print
media and radio.

Participants

Participants are aged 18 years or over at study entry and
can enter the study before or after COVID-19 vaccination.
All participants are required to be registered with a UK
general practitioner (GP) and have a valid email address
and the ability to access the study website. Participants
must also supply at least one alternative contact who
can be contacted if the participant does not respond to
repeated requests for information.

Patient and public involvement

The study team collaborated with their research unit’s
public involvement group during the design of the
VAC4COVID study and website. This group’s involvement
was critical in developing online questionnaires and partic-
ipant information documentation. In addition, the study
team consulted a local COVID-specific public involve-
ment group regarding the preferred wording of baseline
and follow-up questionnaire items about previous SARS-
CoV-2 infection and persisting symptoms. Two members
of the research unit’s public involvement group act as lay
members on the study advisory committee.

Variables
After completing the online study registration and
informed consent processes, participants are invited to
report the following information: demographic (age,
sex, ethnicity, size of household, education, occupation,
height and weight), medical history (including hospi-
talisations in the 2years before consenting to join the
study, previous reactions to vaccines or medicines, and all
regularly taken medications), lifestyle (smoking history,
alcohol consumption), COVID-19-related information
(UK government advised shielding status (as a proxy
for clinical vulnerability); previous SARS-CoV-2 expo-
sure, illness and testing), and, as applicable, pregnancy
(parity, pregnancy history (including any serious adverse
pregnancy outcomes), last menstrual period, expected
delivery date, breast feeding).

Two additional baseline variables are derived as
follows. First, self-reported height and weight are used to
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automatically calculate body mass index (BMI) using a
participant-facing interface to reduce data-entry errors.
Second, comorbidity burden is reported as a count of the
number of items selected from a list of significant chronic
or prior health conditions.

Participants can enter follow-up information sponta-
neously at any time. However, they are also prompted by
email to provide a scheduled follow-up entry: monthly
before vaccination, every week for 4weeks after any
COVID-19 vaccination, and monthly for at least 11
months after the latest COVID-19 vaccine. Each time
follow-up information is entered on the website, a new
follow-up record is created. At each follow-up contact,
participants are asked to report if they have suffered
any adverse medical events since their last study contact
using the following question: ‘Have there been any
significant changes in your health and well-being for
any reason (including any that you think may have
been due to COVID-19 vaccination)? By ‘significant’,
we mean that it was disruptive of usual activities, caused
loss of work or education days, or led to hospitalisa-
tion.” Any participant answering ‘yes’ to this question
is considered to have experienced an adverse medical
event.

Participants are invited to record each adverse medical
event using a custom look-up field. The VAC4COVID
event participant-facing look-up system uses MedDRA,
the Medical Dictionary for Regulatory Activities termi-
nology database. MedDRA is the international medical
terminology developed under the auspices of the Interna-
tional Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use (ICH).
Participants are asked to enter the date of onset, if they
were hospitalised, and subjective estimation of severity
for each AE reported using the MedDRA-based look-up.
Severity assessment permits three levels of severity (mild,
moderate, severe) with no additional guidance on criteria
for severity selection. Participants are also asked to report
any improvement or worsening in any long-term condi-
tions reported at baseline. Finally, participants are asked,
‘Do you feel your health or well-being have improved
since being vaccinated for COVID-19?’. Participants who
indicate that their health or well-being has improved are
then asked whether this is due to physical and/or mental
well-being improvement.

Exposure

At each follow-up contact, participants are asked to report
any SARS-CoV-2 symptoms or exposures, vaccinations
(date, type, batch number) and tests (date, type, result),
and any other non-COVID vaccinations given within
28 days of a COVID-19 vaccine. Participants vaccinated
before study entry are invited to supply details of vaccine
type(s), batch number(s) and date(s) of administration at
baseline data entry. For this analysis, exposure is defined
as any reported SARS-CoV-2 vaccination.

Outcomes

The outcomes reported in this interim analysis are
as follows: AEs (including hospitalisations), any
reactogenicity-type AE (defined as headache, fatigue,
muscle or joint pain, fever, nausea, dizziness or local
vaccine reaction), changes in menstrual symptoms and
reported improvement in overall health or well-being.
Reasons for hospitalisation were not assessed in this
analysis.

Event validation

We present only unvalidated data in this interim analysis.
However, the VAC4COVID study design does allow for
clinical validation of potential AESIs. Briefly, this is done
as follows: potential AESIs are identified using prede-
termined MedDRA code searches and manual clinical
review of reported events. The study team then obtain
additional supporting information (eg, description of
events, hospital discharge letter, test results) directly from
the participant (where appropriate) and their registered
GP. These additional supporting data are reviewed inde-
pendently by two clinicians to determine whether the
event meets existing AESI clinical definitions. Disagree-
ments are resolved by consensus with a third clinician.

Statistical analysis
The follow-up time used in the time-to-event analysis of
each outcome was time from the date of vaccination (first
or second) to the date of onset of the first event in each
participant, with follow-up time censored on the date of
the last follow-up record submitted if no event occurred.
Kaplan-Meier curves were constructed with their 95% Cls
and used to estimate cumulative proportions of partici-
pants reporting events at specified times since vaccination.

For menstrual symptoms, a proportional hazards
model was also fitted (proportional hazard assumption
met, p=0.73), adjusting for the different age profiles of
the female participants receiving the BNT162b2 and
ChAdOx1 vaccines.

Analyses were conducted using R (V.4.1.1) and packages
tidyverse, lubridate, flextable, sqldf, survival, survminer,
broom and forestmodel." ™'

RESULTS

Enrolment

As of 5 October 2021, 23442 participants had registered
through the study website (https://VAC4COVID.com),
16265 had consented to participate in the study and 217
had subsequently withdrawn their consent. Among the
16048 participants still providing consent, 11475 had
provided follow-up data on at least one occasion and were
included in the analyses (see online supplemental figure
S1).

About 31.5% (3618) of participants included in the
analysis joined the study before receiving any doses of
COVID-19 vaccination (median 12 days). The largest
group of participants (6904, 60.2%) entered the study

Rogers A, et al. BMJ Open 2022;12:060583. doi:10.1136/bmjopen-2021-060583
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after their first vaccination (median 36 days after first
dose) but before any subsequent vaccinations. 1.9% and
0.8% of participants joined the study before or after their
second doses, respectively. A total of 640 (5.6%) partici-
pants remained unvaccinated by 5 October 2021.

Baseline characteristics and vaccinations

The baseline characteristics of participants at study entry
are summarised in table 1 (see online supplemental table
S1 for additional variables).

Observation time

The study’s total observation time is 5784 person-years;
423 person-years before vaccination, 2349 following
BNT162b2 vaccinations and 2956 following ChAdOxl1
vaccinations. The mean average follow-up time per partic-
ipant was 184 days. 78547 follow-up records have been
submitted, an average of 6.8 per participant. Also, 1648
participants submitted 3049 follow-up records before
vaccination.

Follow-up records

About 14.6% of follow-up reports were submitted spon-
taneously by participants. The proportion of follow-up
records completed in response to scheduled requests
increased from 72.8% in participants aged 18-39% to
80.3% in those aged 40-64% and 87.2% in those aged
65 years and over. Scheduled follow-up completion was
lower in participants who had previously experienced
symptoms of COVID-19 (77.8%) than in those who had
not (84.3%). Scheduled completion rates were similar
before and after vaccination (82.2% vs 83.4%) and in
men and women (84.4% vs 81.6%).

Vaccine exposure

The vaccination status of participants in each demo-
graphic and lifestyle subgroup is summarised in table 1.
Of those participants, 86.4% had received two vaccine
doses by 5 October 2021 (47.9% both doses ChAdOx1,
36.9% both doses BNT162b2, other combinations 1.6%).
Then, 276 participants reported having a third dose of
any vaccine. Participants aged 18-39 were more likely
to receive the BNT162b2 vaccine than ChAdOx1 (68%
vs 16.7%), whereas those aged 40-64 were more likely
to receive ChAdOx1 than BNT162b2 (64.1% vs 26.6%).
In those over 65, participants were slightly more likely
to have received ChAdOx1 than BNT162b2 (50.6% vs
40.9%). There were no significant associations between
vaccine type and any other baseline characteristic.

Adverse events

Of the 5103 participants submitting at least one follow-up
report (solicited or spontaneous) within 7days of vacci-
nation, 89.6% explicitly reported no adverse medical
events occurring in the first week after COVID-19 vacci-
nation. Of the 10788 participants who submitted any
follow-up reports between 0 and 180 days after vaccina-
tion, 77.4% reported no adverse medical events (table 2).

Spontaneous follow-up reports were more likely than
scheduled to include any AE (8.0% vs 5.6%).

The risk of experiencing an event (not necessarily
vaccine-related) that required hospitalisation was less
than 0.2% in every time period. The risk of experiencing
a severe event but not requiring hospitalisation was less
than 1% except in the first 2weeks after vaccination
(1.12% and 1.55%, respectively).

Specific adverse events

Reactogenicity-type AEs

We estimated the percentage of participants reporting
reactogenicity-type AEs (headache, fatigue, muscle or
joint pain, fever, nausea, dizziness or local vaccine reac-
tion) over time after first and second doses of ChAdOx1
and BNT162b2 using Kaplan-Meier curves (figure 1, see
online supplemental file for code list). Of the 4877 partic-
ipants submitting follow-up information after a first dose
of ChAdOx1, 7.8% reported at least one reactogenicity-
type AE occurring within 7days of vaccination. Further,
1.6% of the 3482 BNT162b2 recipients submitting post-
first dose information reported any reactogenicity-type
event within 7days of vaccination. Conversely, after
second doses, only 1.3% of 5917 ChAdOx1 recipients
and 3.1% of 5868 BNT162b2 recipients reported any
reactogenicity-type AE occurring within 7 days of vaccina-
tion. This ranking of the relative cumulative rates at 7 days
was observed for each of the individual reactogenicity-
type AEs (figure 2).

Menstrual changes

Overall rates of women aged 18-59 reporting menstrual
symptoms in the 12 weeks after vaccination were low
(0.3%). Unadjusted percentages of reporting menstrual
symptoms, including menstrual cycle alteration or inter-
menstrual bleeding (12 events), heavy bleeding (11)
or painful periods/cramping (5) (see online supple-
mental file for code list) within 12 weeks of vaccination
were higher after BNT162b2 vaccinations (0.6% after
first dose, 0.4% after second dose) than after ChAdOx1
(0.2% after first dose, 0.2% after second dose). However,
there was no difference between vaccines after adjusting
for age in a proportional hazards model (see figure 3),
and overall cumulative rates were low (see online supple-
mental figure S3). Participants reported these events as
25% mild, 54% moderate and 21% severe; none resulted
in hospitalisation.

Perceived benefits

Overall, 43.7% of all follow-up records, both sponta-
neous and solicited, included an agreement that health
and well-being had improved after vaccination (95.4%
of these specified a mental improvement and 10.5%a
physical improvement, not mutually exclusive). Older
participants were more likely to report an improvement,
particularly after second doses (see online supplemental
figure S2).
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Table 1 Baseline characteristics and total COVID-19 vaccine exposure (before and during study)

Total vaccines received by end of follow-up, number of participants, n (% of
category)*

Baseline characteristics, number of _ChAdOx1 BNT162b2 Othert
participants, n (% of total)* One dose only Two doses One dose only Two doses Any doses
Overall 11 475 (100) 331 (2.9) 5497 (47.9) 270 (2.4) 4240 (36.9) 1137 (9.9)
Sex

Male 4609 (40.2) 135 (2.9) 2351 (51.0) 94 (2.0) 1574 (34.2) 455 (9.9)

Female 6855 (59.7) 196 (2.9) 3141 (45.8) 176 (2.6) 2661 (38.8) 681 (9.9)
Age (years)

18-39 1788 (15.6) 18 (1.0) 280 (15.7) 107 (6.0) 1109 (62.0) 274 (15.3)

4—-64 4661 (40.6) 176 (3.8) 2811 (60.3) 68 (1.5) 1170 (25.1) 436 (9.4)

65+ 5023 (43.8) 137 (2.7) 2406 (47.9) 95 (1.9) 1959 (39) 426 (8.5)
BMI (kg/m?)

<18.5 163 (1.4) 5(3.1) 82 (50.3) <5 61 (37.4) 13 (8.0)

18.5-<25 3780 (32.9) 84 (2.2) 1795 (47.5) 96 (2.5) 1492 (39.5) 313 (8.3)

25-<30 3728 (32.5) 83 (2.2) 1906 (51.1) 71 (1.9 1352 (36.3) 316 (8.5)

30-<40 2441 (21.3) 75 (3.1) 1155 (47.3) 57 (2.3) 914 (37.4) 240 (9.8)

40+ 518 (4.5) 14 (2.7) 260 (50.2) 10 (1.9) 197 (38.0) 37 (7.1)
Ethnicity

Other 275 (2.4) 13 4.7) 103 (37.5) 11 (4.0) 120 (43.6) 28 (10.2)

White 11 200 (97.6) 318 (2.8) 5394 (48.2) 259 (2.3) 4120 (36.8) 1109 (9.9)
Occupational status

Unemployed 524 (4.6) 20 (3.8) 214 (40.8) 18 (3.4) 203 (38.7) 69 (13.2)

Employed 5053 (44.0) 146 (2.9) 2103 (41.6) 159 (3.1) 2038 (40.3) 607 (12.0)

Retired 5898 (51.4) 165 (2.8) 3180 (53.9) 93 (1.6) 1999 (33.9) 461 (7.8)
Currently smoke

No 10 189 (88.8) 245 (2.4) 4999 (49.1) 223 (2.2) 3844 (37.7) 878 (8.6)

Yes 441 (3.8) 16 (3.6) 199 (45.1) 13 (2.9) 172 (39.0) 41 (9.3)
No. of comorbidities

None 3548 (30.9) 133 (3.7) 1496 (42.2) 126 (3.6) 1312 (37.0) 481 (13.6)

1 2867 (25.0) 67 (2.3) 1463 (51.0) 56 (2.0) 1057 (36.9) 224 (7.8)

2 2253 (19.6) 58 (2.6) 1109 (49.2) 36 (1.6) 856 (38.0) 194 (8.6)

3+ 2807 (24.5) 73 (2.6) 1429 (50.9) 52 (1.9) 1015 (36.2) 238 (8.5)
Advised to shield

Yes 960 (8.4) 32 (3.3) 506 (52.7) 21 (2.2) 293 (30.5) 108 (11.2)

No 9600 (83.7) 225 (2.3) 4660 (48.5) 213 (2.2) 3702 (38.6) 800 (8.3)
Had COVID before study entry

Yes 1256 (10.9) 40 (3.2) 544 (43.3) 33 (2.6) 504 (40.1) 135 (10.7)

No 9304 (81.1) 217 (2.3) 4622 (49.7) 201 (2.2) 3491 (37.5) 773 (8.3)

*Subgroups may not sum to the total because unknowns are omitted.
tIncludes participants who received both ChAdOx1 and BNT162b2 and any who reported other COVID-19 vaccines alone or in combination

with ChAdOx1 or BNT162b2.
BMI, body mass index.

DISCUSSION reactogenicity-type symptoms are comparable to those
We have demonstrated that most people in a UK popu- associated with seasonal influenza vaccination.'® Further-
lation cohort receiving ChAdOxl and BNT162b2  more, 43.7% of follow-up records submitted reported
vaccines reported no AEs after vaccination. Indeed, improved overall health and well-being after vaccination.
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Table 2 Proportion of participants explicitly reporting no adverse event and the maximum self-assessed severity of adverse

events in participants who did report them

Participants Participants reporting at least one event (% of participants)
submitting Maximum self-assessed severity of any event
Post- follow-up
vaccination reports during
period time period None* Mild Moderate Severe Hospitalised Unknownt
Week
1 5103 89.61 1.23 4.59 1.12 0.08 3.37
2 2714 91.6 0.59 3.54 1.55 0.15 2.58
3 6374 92.63 0.2 0.5 0.2 0.03 6.43
4 6798 94.67 0.19 0.4 0.15 0.03 4.56
Month
2 8479 93.25 0.47 1.24 0.66 0.19 4.19
3 7199 94.37 0.26 0.58 0.53 0.07 4.18
4 7734 95.51 0.13 0.43 0.32 0.04 3.57
5 6898 95.07 0.35 1.09 0.75 0.19 2.55
6 4909 95.25 0.29 0.51 0.33 0.12 35
0-180 days, or last follow up if earlier
Overall 10788 77.38 1.21 4.15 1.37 0.18 15.71

*Answered ‘No’ to the question, ‘Have there been any significant changes in your health and wellbeing for any reason (including any that you
think may have been due to COVID-19 vaccination)?’ on every occasion in the period.

TAnswered 'Yes' but did not record any symptoms.

We were aware of media coverage of vaccine anxiety
and concerns about vaccine hesitancy when designing
our study. Most vaccine safety studies rightly concen-
trate on detecting adverse symptoms or side effects.
However, there was concern expressed among peers and
public involvement group members that a study asking
only about negative consequences of vaccination could
adversely impact vaccination rates. Our improved health
and well-being finding is reassuring but should not be
considered without acknowledging some limitations in
our approach.

Participants were encouraged to join the study before
receiving their first COVID-19 vaccination, but due to a
fast UK vaccine roll-out and delays to study launch, many
did not join until after their first vaccine. As a result, our
findings may be subject to recall bias and the possibility
that persons may have entered the study only to report an
event that had already occurred.

By defining an AE as a significant change in health and
well-being in the online questionnaire (eg, disruptive of
usual activities), all events included in this analysis would
likely be at least moderate according to severity grading
scales commonly used in clinical research. In addi-
tion, the open question format did not prompt specific
symptoms, which may reduce reporting of events that
individual participants did not consider important or
relevant. Therefore, we expect the rate of AEs reported by
our participants as mild to be lower than those reported
in studies that did not use the same question format. For
example, a Dutch web-based cohort study reporting data

up to 13 days after vaccination asked participants to indi-
cate if they had experienced specific common vaccine
adverse reactions.”’ The Dutch study reported a far
higher 62.9% overall rate of reactogenicity AEs, similar to
phase III vaccine trial findings.

We have reported only data provided by participants
who have submitted at least one study follow-up record.
Therefore, we may have overestimated actual rates of
moderate to severe events as participants who have expe-
rienced a change in health may be more likely to respond
to email requests for follow-up entry than those who have
not.

Although the study is designed to collect data on
all UK-approved COVID-19 vaccines, the relatively
small numbers of reported mRNA-1273 vaccinations
limit a meaningful comparison of this vaccine against
ChAdOx1 and BNT162b2. Previous research has docu-
mented reactogenicity-associated AEs in people receiving
BNT162b2 and ChAdOx1 vaccines.”!

Several factors are known to affect the likelihood of
vaccine reactogenicity-related symptoms. Active vaccine
components and adjuvants can both influence symp-
toms, and aspects of administration such as storage
temperature and injection technique are known to have
an effect.” In trials, adverse effects of ChAdOx1 were
reported as milder and less frequent after second doses
than first doses.”** Conversely, in UK and US prospec-
tive cohort studies, researchers found systemic symptoms
to be more common after second doses of BNT162b2
and mRNA-1273 than first doses, suggesting a potential
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Figure 1
until last submitted follow-up.

difference between conventional and mRNA vaccines.?!

Additionally, vaccine-recipient factors such as age, sex,
ethnicity, BMI and previous infection exposure are likely
to play a role.” Clinical trials and previous observational
research suggest that younger COVID-19 vaccine recipi-
ents are more likely to report adverse effects after vacci-
nation than older recipients.* *' People with previous
SARS-CoV-2 infection are more likely to report experi-
encing systemic symptoms after vaccination than people
not known to have had a prior SARS-CoV?2 infection.”’
The VAC4COVID results support previous findings and
provide additional detail on symptoms after second dose
administration. Reactogenicity-type symptoms lessen with
repeated dosing of the ChAdOxI vaccine compared with
the BNT162b2 vaccine, where second doses were associ-
ated with higher symptom reporting. Evolving UK vaccine
deployment policies have resulted in differences in the
characteristics of participants receiving each vaccine type
(including age and comorbidity); this may introduce
confounding. For example, health and social care workers
are likely to have different vaccination and COVID-19
exposure patterns than the general population.
Asreported in the media, COVID-19 vaccination may be
associated with menstrual changes in a small proportion

Kaplan-Meier curves for any reactogenicity-related symptom. Individuals considered ‘at risk’ from date of vaccination

of women under 65 years. However, unlike reactogenicity-
type symptoms, we detected no difference in menstrual
changes between vaccines.

These results demonstrate the viability of assessing the
adverse health event burden of vaccinations using an
online platform. A patient-friendly medical terminology
entry system allows participants to report symptoms
freely; this minimises the risk of missing adverse effects
not expected by questionnaire designers. For example,
VAC4COVID participants reported menstrual irregulari-
ties before widespread public awareness that these may be
associated with vaccination.

Conversely, participantreported events may be more
susceptible to missing data and misclassification. With
the assumption that missing data would be more likely
in participants who had not experienced an AE, given
that participants were encouraged to record events at any
time during the study, we mitigated the potential impact
of missing data by using a time-to-event rather than cross-
sectional approach. However, there will likely be a degree
of missingness in AE data, leading to underestimating
true event rates and possible bias. As demonstrated by the
event severity assessment in this study, the wording of any
accompanying question text or guidance will affect what
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Figure 2 Cumulative percentage of participants reporting individual reactogenicity-related adverse events rates up to 7 days

post-vaccination, estimated from Kaplan-Meier curves.

participants choose to report. Clinical event validation
and integration of linked hospitalisation and mortality
data in the VAC4COVID study should mitigate misclas-
sification and under-reporting. It should also be remem-
bered that observational cohort studies like VAC4COVID
are not designed to assess causality.

The reported results are derived from a self-selecting
cohort of UK-only residents. The baseline characteris-
tics of the study cohort (eg, relatively high educational
status and low numbers of people reporting non-white
ethnicity) imply that the results may not be generalis-
able to the whole UK population. Ongoing efforts are
required to encourage more diverse populations to
participate in studies like VAC4COVID. Caution is also
advised in generalising these results to different countries
and vaccine types.

Further analysis will be needed to assess the effect
of coadministration of seasonal influenza vaccines (as
offered by the NHS in the UK**) and additional booster

doses as vaccination programmes progress. Other areas
for potential further study include the effects of vaccines
on children, combining different vaccine types in dosing
and booster schedules, and differing prevalent virus (and
variant) exposure pre-vaccination, on post-vaccination
symptoms.

CONCLUSION

The two most commonly used COVID-19 vaccines
in the UK, ChAdOx1 and BNT162b2, are well toler-
ated. The majority of vaccine recipients in this study
reported no adverse health events after vaccination,
and most reported events were of mild or moderate
severity. Furthermore, a high proportion of participants
reported subjective improvements in overall health and
well-being after vaccination. These data should be reas-
suring to people contemplating vaccination. However,
there are differences between the reactogenicity-related
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Figure 3 Hazard ratios for menstrual symptoms in different vaccines (adjusted for age) and age groups in a proportional

hazards analysis.

symptom profiles of the vaccines that should be consid-
ered in planning future vaccination programmes. The
ongoing VAC4COVID remote active surveillance system
is designed to monitor vaccine safety and effectiveness by
combining participant-reported data with linked health
and administrative data; the flexible design would allow
data collection in any country for which there is a suit-
able translated MedDRA dictionary. As well as providing
comparative COVID-19 vaccine AE data, the system may
also be adapted to monitor new non-COVID vaccines and
other medications.

Twitter Amy Rogers @dramyrogers
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Table S1: Baseline characteristics and vaccine distribution (full version)

Participants, n (% of total)!

Overall
Sex

Male
Female
Age (yrs)
18-39
40-64
65+

BMI (kg/m?)
<18.5
18.5-<25
25-<30
30-<40
40+
Ethnicity
Other
White
No. in household
1

2-4

5+
Education

Up to High
School

College or
University

Post Graduate

11,475 (100)

4,609 (40.2)

6,855 (59.7)

1,788 (15.6)
4,661 (40.6)

5,023 (43.8)

163 (1.4)

3,780 (32.9)
3,728 (32.5)
2,441 (21.3)

518 (4.5)

275 (2.4)

11,200 (97.6)

1,871 (16.3)
8416 (73.3)

343 (3.0)

2050 (17.9)

6227 (54.3)

3,198 (27.9)

Participants receiving each vaccine, n (% of category)!

ChAdOx1
Single dose Two doses
331(2.9) 5,497 (47.9)
135(2.9) 2,351(51.0)
196(2.9) 3,141(45.8)
18(1.0) 280(15.7)
176(3.8) 2,811(60.3)
137(2.7) 2,406(47.9)
5(3.1) 82(50.3)
84(2.2) 1,795(47.5)
83(2.2) 1,906(51.1)
75(3.1) 1,155(47.3)
14(2.7) 260(50.2)
13(4.7) 103(37.5)
318(2.8) 5,394(48.2)
48(2.6) 897(47.9)
206(2.4) 4158(49.4)
7(2.0) 143(41.7)
80(3.9) 986(48.1)
192(3.1) 2973(47.7)
69(2.2) 1,538(48.1)

BNT162b2
Single dose Two doses
270 (2.4) 4,240 (36.9)
94(2.0) 1,574(34.2)
176(2.6) 2,661(38.8)
107(6.0) 1,109(62.0)
68(1.5) 1,170(25.1)
95(1.9) 1,959(39)
<5 61(37.4)
96(2.5) 1,492(39.5)
71(1.9) 1,352(36.3)
57(2.3) 914(37.4)
10(1.9) 197(38.0)
11(4.0) 120(43.6)
259(2.3) 4,120(36.8)
39(2.1) 713(38.1)
186(2.2) 3161(37.6)
11(3.2) 142(41.4)
45(2.2) 700(34.1)
147(2.4) 2316(37.2)
78(2.4) 1,224(38.3)

Other
Any doses

1,137 (9.9)

455(9.9)

681(9.9)

274(15.3)
436(9.4)

426(8.5)

13(8.0)

313(8.3)
316(8.5)
240(9.8)

37(7.1)

28(10.2)

1,109(9.9)

174(9.3)
705(8.4)

40(11.7)

239(11.7)

609(9.8)

289(9.0)
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Occupational status

Unemployed 524 (4.6) 20(3.8) 214(40.8) 18(3.4) 203(38.7) 69(13.2)
Employed 5,053 (44.0) 146(2.9) 2,103(41.6)  159(3.1) 2,038(40.3)  607(12.0)
Retired 5,898 (51.4) 165(2.8) 3,180(53.9)  93(1.6) 1,999(33.9)  461(7.8)

Currently smoke

No 10,189 (88.8) | 245(2.4) 4,999(49.1) | 223(2.2) 3,844(37.7) | 878(8.6)
Yes 441 (3.8) 16(3.6) 199(45.1) 13(2.9) 172(39.0) 41(9.3)
Ever smoked

No 6,389 (55.7) 129(2.0) 3,090(48.4) 135(2.1) 2,470(38.7) 565(8.8)
Yes 4,241 (37.0) 132(3.1) 2,108(49.7) 101(2.4) 1,546(36.5) 354(8.3)

No. of co-morbidities

None 3,548 (30.9) 133(3.7) 1,496(42.2)  126(3.6) 1,312(37.0)  481(13.6)
1 2,867 (25.0)  67(2.3) 1,463(51.0)  56(2.0) 1,057(36.9) | 224(7.8)
2 2,253(19.6)  58(2.6) 1,109(49.2)  36(1.6) 856(38.0) 194(8.6)
3+ 2,807 (24.5)  73(2.6) 1,429(50.9)  52(1.9) 1,015(36.2)  238(8.5)

No. of medications

None 3,346 (29.2) 124(3.7) 1,433(42.8)  127(3.8) 1,201(35.9)  461(13.8)
1-2 3,285(28.6)  88(2.7) 1,586(48.3)  71(2.2) 1,239(37.7)  301(9.2)
3-4 2,337(204)  49(2.1) 1,188(50.8)  34(1.5) 896(38.3) 170(7.3)
4+ 2,507 (21.8)  70(2.8) 1,290(51.5)  38(1.5) 904(36.1) 205(8.2)

Advised to shield

Yes 960 (8.4) 32(3.3) 506(52.7) 21(2.2) 293(30.5) 108(11.2)
No 9,600 (83.7) 225(2.3) 4,660(48.5) | 213(2.2) 3,702(38.6) 800(8.3)
Had COVID before vaccination

Yes 1,256 (10.9) 40(3.2) 544(43.3) 33(2.6) 504(40.1) 135(10.7)
No 9,304 (81.1) 217(2.3) 4,622(49.7) | 201(2.2) 3,491(37.5)  773(8.3)
1Subgroups may not sum to the total because unknowns are omitted.

BMI, Body Mass Index.

RogersA, et al. BMJ Open 2022; 12:e060583. doi: 10.1136/bmjopen-2021-060583



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Figure S1: Study Flow Diagram
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Figure S2: Follow up records reporting a perceived improvement in health and

wellbeing
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Figure S3: Kaplan-Meier curves for menstrual symptoms in women aged <65
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Supplemental File 2 - MedDRA® Code Lists

Symptom group Code Description

Headache 10004087 Band-like headache
10009236  Classical migraine
10010108 Common migraine
10016998 Forehead headache
10019136 Hangover effect
10019200 Head pressure
10019211 Headache
10019215 Headache dull
10019216 Headache fullness
10019220 Headache occurring
10019224 Headache sinus
10019225 Headache temporal
10019226 Headache tension
10019232 Headaches cluster
10019476 Hemiplegic migraine
10027599 Migraine
10027600 Migraine aggravated
10027602 Migraine headache
10027606 Migraine type headaches
10027607 Migraine with aura
10027611 Migrainous headache
10040744 Sinus headache
10043208 Temporal headache
10043269 Tension headache
10043270  Tension headache (excl migraine)
10043271 Tension headaches
10048567 Headache aggravated
10048967 Frontal headache
10048968 Occipital headache
10052403 Frequent headaches
10053850 Chronic headaches
10056236  Complicated migraine
10056791 Headache (excl migraine) aggravated
10058140 Throbbing headache
10059133 Cluster headache
10059296 Intermittent headache
10066618 Headache recurrent
10066635  Acute migraine
10066965 Procedural headache
10068106 Occipital neuralgia
10076678 New daily persistent headache
10078943 Persistent headache

Fatigue 10008874 Chronic fatigue syndrome
10011865 Daytime sleepiness
10013649 Drowsiness
10015667 Exhaustion
10016252 Fatigability
10016253 Fatigability generalized
10016256 Fatigue
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Muscle and joint pain

Fever

10016257
10016356
10016373
10016380
10018066
10018135
10019349
10019353
10021345
10024262
10024263
10024264
10041014
10043885
10043889
10043890
10047830
10047862
10047865
10049565
10054853
10059078
10066564
10076757
10000424
10000431
10000449
10006002
10016795
10018074
10018086
10018089
10023197
10023222
10028287
10028322
10028332
10028362
10028411
10033511
10048439
10048971
10062428
10062438
10062441
10005911
10008531
10009866
10013697
10016334
10016335
10016558
10016559
10016563
10016791

Fatigue extreme

Feeling of total lack of energy
Feelings of weakness

Felt generally ill

General malaise
Generally unwell
Heaviness in limbs

Heavy feeling in arms & legs
Il feeling

Lethargic

Lethargic tendency
Lethargy

Sleepiness

Tired all the time

Tired out

Tiredness

Washed-out

Weakness

Weakness generalized
Muscle fatigue

Mental exhaustion
Vaccination related malaise
Chronic fatigue

Mental fatigue

Ache

Aches & pains in legs
Aching joints

Bone pain

Flu-like aching
Generalised aching
Generalised joint pains
Generalised muscle aches
Joint ache

Joint pain

Muscle ache

Muscle pain

Muscle soreness

Muscular pains

Myalgia

Painful joints

Fibromyalgia

General body pain
Generalized aching
Generalized joint pain
Generalized muscle aches
Body temperature increased
Chills

Cold sweat

Drug fever

Feeling hot

Feeling hot and cold
Fever

Fever chills

Fever of unknown origin
Flu like symptoms
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Nausea

Localised vaccine reaction

10020083
10020741
10022004
10022009
10022571
10037660
10039997
10040528
10040529
10040531
10040558
10040559
10041021
10042661
10042662
10042663
10042666
10043204
10052545
10058698
10061458
10073718
10079564
10082526
10016365
10027990
10028813
10028822
10028823
10034716
10040658
10047699
10047700
10000448
10000656
10001718
10003875
10021432
10021951
10022052
10022058
10022061
10022078
10022079
10022080
10022086
10022102
10022110
10022112
10023698
10033421
10033503
10040758
10042696
10042716

High temperature
Hyperpyrexia
Influenza like illness
Influenza-like symptoms
Intermittent pyrexia
Pyrexia

Sensation of cold
Shaking

Shaking inside

Shaky feelings

Shivering

Shivers

Slight fever

Sweating

Sweating abnormal
Sweating attack

Sweating fever
Temperature elevation
Flu symptoms
Intermittent fever

Feeling of body temperature change
Feverish

Injection associated shivering
Skin temperature

Feeling sick

Motion sickness

Nausea

Nauseated

Nauseous

Persistent vomiting
Sickness

Vomited

Vomiting

Aching in limb

Acute allergic reaction
Allergic reaction

Axillary lymph nodes enlarged
Immunisation reaction
Inflammation at site of injection
Injection site bruising
Injection site edema
Injection site erythema
Injection site inflammation
Injection site irritation
Injection site itching
Injection site pain
Injection site tenderness
Injection site vascular warmth
Injection site warmth
Large arm swelling
Pain in arm

Painful arm

Site of vaccination painful
Swelling of injection site
Swollen arm
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Dizziness

Menstrual changes

10050114
10059080
10068879
10076504
10082049
10013573
10013576
10013577
10013578
10013579
10013580
10013581
10013582
10016167
10016169
10016379
10024461
10024490
10024491
10047340
10048324
10066202
10005120
10005123
10011299
10012204
10017370
10019360
10022559
10022991
10022993
10024008
10027324
10027330
10033514
10034532
10036619
10036867
10040603
10051537
10056344

Application site bruise
Vaccination site reaction
Vaccination site pain
Injection site muscle pain
Armpit pain

Dizziness

Dizziness exertiona
Dizziness on standing up
Dizziness postural
Dizziness upon standing
Dizzy

Dizzy on standing

Dizzy spells

Faint

Fainting

Felt faint

Light headedness
Light-headed
Light-headed feeling
Vertigo

Dizziness aggravated
Near fainting

Bleeding intermenstrual
Bleeding menstrual heavy
Cramps menstrual
Delayed period

Frequent periods

Heavy periods
Intermenstrual bleeding
Irregular menstrual cycle
Irregular periods

Late period

Menstrual cramps
Menstrual flooding
Painful periods

Period pains
Premenstrual tension
Prolonged heavy periods
Shortening of menstrual cycle
Premenstrual dysphoric disorder
Menstrual discomfort
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