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Background: Post-authorisation vaccine safety sur-
veillance is well established for reporting common 
adverse events of interest (AEIs) following influenza 
vaccines, but not for COVID-19 vaccines. Aim: To esti-
mate the incidence of AEIs presenting to primary care 
following COVID-19 vaccination in England, and report 
safety profile differences between vaccine brands. 
Methods: We used a self-controlled case series design 
to estimate relative incidence (RI) of AEIs reported 
to the national sentinel network, the Oxford-Royal 
College of General Practitioners Clinical Informatics 
Digital Hub. We compared AEIs (overall and by clini-
cal category) 7 days pre- and post-vaccination to 
background levels between 1 October 2020 and 12 
September 2021. Results: Within 7,952,861 records, 
781,200 individuals (9.82%) presented to general 
practice with 1,482,273 AEIs, 4.85% within 7 days 
post-vaccination. Overall, medically attended AEIs 
decreased post-vaccination against background lev-
els. There was a 3–7% decrease in incidence within 7 
days after both doses of Comirnaty (RI: 0.93; 95% CI: 
0.91–0.94 and RI:  0.96; 95%  CI: 0.94–0.98, respec-
tively) and Vaxzevria (RI:  0.97; 95%  CI:  0.95–0.98). A 
20% increase was observed after one dose of Spikevax 
(RI: 1.20; 95% CI: 1.00–1.44). Fewer AEIs were reported 
as age increased. Types of AEIs, e.g. increased neu-
rological and psychiatric conditions, varied between 
brands following two doses of Comirnaty (RI: 1.41; 

95%  CI: 1.28–1.56) and Vaxzevria (RI: 1.07; 95% CI: 
0.97–1.78).Conclusion: COVID-19 vaccines are associ-
ated with a small decrease in medically attended AEI 
incidence. Sentinel networks could routinely report 
common AEI rates, contributing to reporting vaccine 
safety.

Introduction
The coronavirus disease (COVID-19) immunisation 
programme in the United Kingdom (UK) began in 
December 2020, with the UK’s Joint Committee on 
Vaccination and Immunisation (JCVI) initially recom-
mending COVID-19 vaccination for all adults aged 
18 years and over, and prioritising older adults, care 
home residents and staff, health and social care work-
ers and individuals in clinical risk groups. This was 
later expanded to include children and young people 
aged 12 years and over with underlying chronic condi-
tions that put them at risk of serious COVID-19 in July 
2021, all 16 to 17-year-olds in August 2021, and all 12 
to 15-year-olds (first dose only) in September 2021. The 
COVID-19 booster programme, of third and later further 
vaccinations, also commenced in September 2021. The 
vaccines currently being used until December 2022 
in the UK are Comirnaty (BNT162b2 mRNA, BioNTech-
Pfizer), Vaxzevria (ChAdOx1-S, Oxford-AstraZeneca) 
and Spikevax (mRNA-1273, Moderna). Studies have 
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shown that these vaccines are highly effective at reduc-
ing severe COVID-19 [1-4].

The safety of COVID-19 vaccines was rigorously 
assessed through clinical trials before they received 
emergency use authorisation, and these trials showed 
that serious adverse events were rare [5-7]. However, 
to detect rarer adverse events of interest (AEIs) follow-
ing immunisations, post-licensure follow-up is needed 
in larger general populations. Examples include the 
extremely rare adverse event of concurrent thrombosis 
and thrombocytopenia (‘thrombotic thrombocytopenia 
syndrome’ (TTS)) that has been reported following vac-
cination with the first dose of Vaxzevria, and myocar-
ditis and acute pericarditis reported after Comirnaty or 
Spikevax vaccination. The former was only detected as 
national immunisation programmes rolled out world-
wide, which led the JCVI to advise that adults aged 
under 40 years of age should be offered an alternative 
in May 2021 [8]. A summary of adverse events associ-
ated with COVID-19 vaccines that were detected post-
licensure is presented in the Box below.

Post authorisation surveillance is required to con-
tinually assess vaccine safety in the real world and to 
maintain public confidence in vaccines, including for 
COVID-19 [9]. While such surveillance platforms are 
well established in influenza vaccination [10,11], often 
using computerised medical record (CMR) data [12], no 
equivalent systems have been established for COVID-
19 vaccination in the UK beyond the generic adverse 
events reporting systems. This study was conducted 
to estimate the incidence of a list of prespecified AEIs 
presenting to general practice following first and sec-
ond doses of a COVID-19 vaccination compared with 
background levels using ‘real-world’ primary care data, 
and to explore differences in safety profiles between 
vaccine brands.

Methods

Data source
We used data from the Oxford-Royal College of General 
Practitioners Clinical Informatics Digital Hub (ORCHID), 
England [13], which were derived from pseudonymised 
extracts of computerised primary care records. Such 
a sentinel surveillance database was established in 
1957 and has been used for influenza monitoring and 
assessing influenza vaccine effectiveness since 1967 
in influenza vaccine safety surveillance [14]. The UK 
has registration-based primary care, where one patient 
registers with a single general practice, and CMRs 
have been in routine use for over 20 years. At the time 
of this study, the sentinel network cohort included 
around 8 million (n = 7,952,861) patient records from 
general practices across England. COVID-19 vaccine 
data, including vaccine date, type, and dose of all indi-
viduals vaccinated in England, are automatically trans-
ferred into the general practice CMR directly or via NHS 
Digital’s Data Processing Service (DPS) (  Figure 1  ). 
In addition, the ORCHID receives direct feed from the 

National Immunisation Management System (NIMS), 
and while there were differences between data sources 
at the start of vaccination December 2019 to March 
2020, the direct DPS transfer route is reliable. 

Prespecified adverse events of interest
Using the pseudonymised data, patients were ret-
rospectively followed up for consultations (attend-
ance in primary care) for prespecified AEIs that were 
determined based on adverse events reported in clini-
cal trials and post-licensure surveillance (see  Table 
1  for the included conditions). This list was developed 
through mapping potential adverse events listed in 
the regulatory approval documents published by the 
Medicines and Healthcare products Regulatory Agency 
(MHRA) and the European Medicines Agency (EMA) 
to Systematized Nomenclature of Medicine Clinical 
Terms (SNOMED CT). The SNOMED CT concept IDs used 
within the study are shown in Supplementary Table S1. 
Clinical consultations for adverse events are recorded 
into primary care CMR systems using SNOMED CT, and 
then curated into variables for research studies. We 
have excluded thrombotic and haemorrhagic events 
from this analysis as they have already been investi-
gated in a separate study [15,16].

Data extraction
We extracted the following data: date of birth, sex, 
self-reported ethnicity using an ontology to maximise 
data capture [17], socioeconomic status using the 2019 
English Index of Multiple Deprivation (IMD) quintile [18], 
date of death, dates of registration and deregistration 
at the general practice, COVID-19 vaccination dates 
(first and second dose), COVID-19 vaccine brand (first 
and second dose), AEI date and AEI type. IMD quintile 
was derived using the postcode of the patient at the 
individual level at the point of data extraction, after 
which the postcode is not retained. Where the IMD 
quintile for the patient was missing, this was imputed 
using the postcode of the general practice at which 
they were registered.

Inclusion/exclusion criteria
We included all patients aged 16 and over on the 
study index date (1 October 2020; n = 1,819,782) who 
reported at least one consultation for any of the listed 
AEIs between the study index date and the latest 
data extract date (12 September 2021). We described 
these attendances as ‘medically attended events’  or 
‘medically attended AEIs’.  The age cut-off of 16 years 
was selected based on vaccination guidelines at the 
time of the study.

Patients were excluded if they: (i) were not registered 
with a general practice on 1 October 2020, (ii) died on 
or before 1 October 2020, (iii) had less than 14 days 
of follow-up after their first dose vaccination because 
of deregistration or death, (iv) their first dose of any 
COVID-19 vaccine recorded before 8 December 2020, 
(v) their first dose Vaxzevria vaccine recorded before 
4 January 2021, (vi) their first dose Spikevax vaccine 
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What did you want to address in this study?

We wanted to compare how frequently a selected list of adverse events occurred in the 7 days after people 
received their first and second doses of a COVID-19 vaccine compared to background levels, using real-
world data from general practices in England. We also examined differences in safety profiles between the 
vaccine brands.

What have we learnt from this study?

We found that the rates of general practitioner consultations for these adverse events decreased by 3–7% 
after two doses of Comirnaty or Vaxzevria in the 7 days after vaccination, but increased by 20% after the 
first dose of Spikevax. The specific types of adverse events reported differed slightly by vaccine brand.

What are the implications of your findings for public health?

The rates of adverse events following COVID-19 vaccination appear to be generally low across the three 
vaccines used in the United Kingdom. Using computerised medical records to study patterns of vaccine 
adverse events will be important in the future as COVID-19 becomes endemic and ongoing vaccination is 
required.

KEY PUBLIC HEALTH MESSAGE

Box
Summary of COVID-19 vaccine safety signals detected in post-licensure surveillance from October 2020–September 2021

Thrombotic thrombocytopenia syndrome

Thrombotic thrombocytopenia syndrome (TTS), also known as vaccine-induced immune thrombosis and throm-
bocytopenia (VITT), is a very rare immune condition, in which pathologic antibodies to platelet factor 4 cause 
blood clots in different parts of the body as well as a low platelet count. A disproportionate number of cases of 
these rare events have been reported after the first dose of Vaxzevria vaccination [38,50], with the signal later 
being confirmed in population studies [15,39]. During the investigations, a number of countries suspended the 
use of Vaxzevria, and later restricted their use to certain age groups.

Myocarditis and pericarditis

Cases of myocarditis and pericarditis have been reported following Comirnaty and Spikevax vaccination [39,51]. 
Large observational studies have since been conducted across different countries, which observed a short-
term increase in risk of myocarditis and pericarditis, particularly in younger individuals. The evidence is mixed 
with regards to whether males or females are at higher risk of experiencing these adverse events [32-34].

Neurological complications

A number of cases of rare neurological adverse events such as Guillain–Barré syndrome (GBS) and Bell’s palsy 
have been reported since large-scale vaccination programmes have commenced around the world. Increased 
risks of GBS and Bell’s palsy after Vaxzevria vaccination were identified in an English cohort, with the asso-
ciation between Vaxzevria and GBS replicated in an independent Scottish cohort [35]. Subsequent studies 
describe rare and generally minor neurological events following vaccination [36,37].
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Figure 1
Flow of data from point-of-care vaccination through to the Oxford-Royal College of General Practitioners Clinical 
Informatics Digital Hub (ORCHID) in England
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CMR: computerised medical record; GP: general practitioner; NBS: National Back Office; NHS: National Health Service; NIMS: National 
Immunisation Management System; NIVS: National Immunisation Vaccination System; POC: point-of-care.

PoC vaccination can be given at the hospital or community. Vaccination bookings and vaccination supplies are managed through a National 
Booking Service. A Personal Demographic Service (PDS) securely holds all individuals’ demographic data to ensure matching across the 
English NHS, data are linked using the NHS number, which is pseudonymised before sending into the ORCHID trusted research environment 
(TRE). Pinnacle is a system where the vaccination information was first stored and was later available via NIMS.

Table 1
List of adverse events of interest following COVID-19 vaccination included in this study, England, 1 October 2020–12 
September 2021

Category Adverse events of interest
General non-specific Asthenia, fatigue, fever, fever with chills, malaise, oedema of face
Injection site Bruising, burning, erythema, induration, inflammation, irritation, pain, pruritus, rash, swelling, urticaria
Ear Tinnitus
Gastrointestinal Abdominal pain, diarrhoea, nausea, vomiting
Immune Anaphylaxis, hypersensitivity reaction
Lymphatic Lymphadenopathy
Metabolic/nutrition Decrease in appetite
Musculoskeletal Joint pain, myalgia, weakness

Neurological Bell’s palsy, dizziness, drowsiness, Guillain–Barré syndrome, headache, lethargy, paraesthesia, peripheral 
tremor

Psychiatric Insomnia
Respiratory Cough, influenza-like illness, sneezing, sore throat
Skin Angioedema, eruption of skin, hyperhidrosis
Vascular Capillary leak syndrome, myocarditis, pericarditis
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recorded before 13 April 2021, (vii) received their sec-
ond dose less than 19 days following their first dose, 
(viii) received different brands of vaccines for their first 
and second dose, (ix) did not have a vaccine brand 
recorded or (x) had medically attended AEIs recorded 
after the extract cut-off date or were censored (dereg-
istration or death, which may suggest error in their 
records). Inclusion/exclusion at each step is shown in 
the flow diagram in Figure 2 .

Medically attended AEIs recorded after the earliest 
of extract up-to date, deregistration date and date of 

death for the individual were also excluded. UK primary 
care records include a deregistration date and date of 
death, so this enabled us to only include data for the 
period where the vaccinated person was at risk of expe-
riencing a medically attended AEI. We excluded any 
COVID-19 vaccines administered before 8 December 
2020 as this was the first date of the licenced use of 
Comirnaty in the UK, with Vaxzevria and Spikevax being 
available for licenced administration from 4 January 
and 13 April 2021, respectively. Some vaccination from 
clinical trials and overseas administration is recorded 
before these dates in primary care CMR systems.

Although excluded from further analysis, we also 
report the characteristics of the unvaccinated popula-
tion, which are individuals without a vaccination record 
as of data extraction date. The individuals included in 
this group were all over 16 years of age.

Self-controlled case series design
A self-controlled case series (SCCS) design was used 
to analyse the rates of adverse events of interest post 
vaccination [19,20]. The SCCS method is a case-only 
method, in which the rate of events during pre-defined 
risk periods are compared with the rate of events 
during the rest of the observation period, i.e. control 
period. The incidence of events within this control 
period is considered to be a reflection of background 
levels of such events unrelated to the intervention. 
Each individual is their own control in such an analy-
sis, and potential time-invariant confounding effects 
of between-person characteristics are thus eliminated. 
This method is particularly useful for evaluating vac-
cine safety, as it is often difficult to identify a compara-
tor group since most in the population will receive a 
vaccine, and those who may not be suitable compara-
tors, i.e. they were not vaccinated for medical reasons.

We conducted separate SCCS models for the three 
brands of vaccines. Individuals meeting the afore-
mentioned inclusion/exclusion criteria and received 
one or two doses of Comirnaty, Vaxzevria or Spikevax 
were included in the respective models. Those with no 
record of having had any COVID-19 vaccines were clas-
sified as unvaccinated. The observation period began 
on the study index date of 1 October 2020, and ended 
on the earliest of the patient’s death, deregistration 
from their general practice, or data extract end date. 
We only included vaccinated individuals in the SCCS.

Model description
For all models, we defined pre-exposure and risk peri-
ods relative to the day of vaccination (day 0), with days 
−7 to −1 as the pre-exposure period and days 0 to 7 
as the risk period for both doses. The time outside of 
these defined periods is used as control (i.e. back-
ground levels), and we computed the relative incidence 
(RI) of medically attended AEIs in the pre-exposure and 
risk periods compared with control. The duration of 7 
days was chosen because mild or moderate AEIs tend to 
have an onset shortly after vaccination. In addition, in 

Figure 2
Flow diagram describing the sample selection of 
individuals reporting adverse events of interest after 
COVID-19 vaccination, England, 1 October 2020–12 
September 2021
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AEI: adverse events of interest; COVID-19: coronavirus disease; GP: 
general practitioner.
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the early stages of the national vaccination programme 
rollout, the guidance provided by Joint Committee on 
Vaccination and Immunisation (JCVI) recommended a 
second dose of Comirnaty vaccine after 21 days.

Model 1 included the vaccine main effect. We chose to 
use a calendar month effect to account for variation at 
different times of the rollout. While it is expected that 
some of the prespecified conditions may exhibit a sea-
sonal pattern, we did not expect the model to show very 
strong seasonal patterns and therefore did not account 
for this by week. Model 2 additionally included an age 
interaction (with age centred at 50 years) to account for 
potential effects of the vaccine rollout by age groups. 
We chose to centre age at 50 years as this is close to 
the median age of our vaccinated populations, with an 
average age of 52 years for Comirnaty and 56 years for 
Vaxzevria COVID-19 vaccination. Finally, we performed 
Model 2 separately for the different categories of AEIs 
to explore differences between the safety profiles of 
the three brands of vaccines.

We carried out a sensitivity analysis where we repeated 
Model 2 but for a 21-day post vaccine risk period. We 
compared incidence in the control period with the pre-
exposure period and three successive observational 

periods: (i) 0 to 7 days after vaccination (as in the main 
study), (ii) days 8–14 after vaccination and (iii) days 
15–21 post vaccination. We hypothesised that the RI of 
AEIs would decline in successive weeks following the 
week of vaccination.

Statistical analyses
We computed descriptive statistics to provide an over-
view of the demographic characteristics of the study 
sample. For missing data in the ethnicity variable, no 
imputation was required for modelling purposes.

All statistical analyses for all models were conducted 
in R version 4.1.2 [21], using the following pack-
ages: dplyr (version 1.0.7) [22], lubridate (version 1.8.0) 
[23],  SCCS  (version 1.2) [24], and  tableone  (version 
0.12.0) [25]. Graphical output was generated 
using ggplot2 (version 3.3.5) [26].

Results

Sample demographics
The ORCHID cohort at the time of the study consisted of 
7,952,861 individuals. Among them, 9.82% (n = 781,200) 
of these people reported a total of 1,482,273 medically 
attended AEIs during the study period, equating to 1.90 

Table 2
Demographic characteristics of individuals reporting adverse events of interest following COVID-19 vaccination, England, 1 
October 2020–12 September 2021 (n = 781,200)

Characteristics

Comirnaty 
 

n = 300,641

Vaxzevria 
 

n = 368,898

Spikevax 
 

n = 12,024

Unvaccinated 
 

n = 99,637
n % n % n % n %

Age at study index date
  Mean in years (SD) 52.09 22.76 56.19 15.95 32.39 9.49 37.16 17.18
Sex
  Female 192,364 63.98 223,982 60.72 7,386 61.43 63,438 63.67
  Male 108,277 36.02 144,916 39.28 4,638 38.57 36,199 36.33
Ethnicity
  White 226,147 75.22 287,569 77.95 8,384 69.73 62,629 62.86
  Asian 19,939 6.63 22,354 6.06 792 6.59 7,722 7.75
  Black 6,190 2.06 8,233 2.23 245 2.04 7,777 7.81
  Mixed 3,399 1.13 3,400 0.92 220 1.83 2,703 2.71
  Other 2,802 0.93 2,991 0.81 186 1.55 2,002 2.01
  Missing 42,164 14.02 44,351 12.02 2,197 18.27 16,804 16.87
Index of Multiple Deprivation quintile
  1 – most deprived 50,606 16.83 64,157 17.39 1,931 16.06 30,872 30.98
  2 55,542 18.47 66,510 18.03 2,391 19.89 23,302 23.39
  3 60,069 19.98 73,129 19.82 2,196 18.26 17,284 17.35
  4 64,612 21.49 79,883 21.65 2,496 20.76 15,004 15.06
  5 – least deprived 69,784 23.21 85,188 23.09 3,009 25.02 13,150 13.20
  Missing 28 0.01 31 0.01 1 0.01 25 0.03
Number of vaccine doses received
  0 0 0 0 0 0 0 99,637 100
  1 41,826 13.91 30,103 8.16 3,426 28.49 0 0
  2 258,815 86.09 338,795 91.84 8,598 71.51 0 0

COVID-19: coronavirus disease; SD: standard deviation.
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events per person who reported any AEI. Only 4.85% 
(n = 56,914) of these AEIs were reported within the first 
7 days after vaccination. The mean age of this sam-
ple was 51.82 years (standard deviation (SD): 20.02 
years), with a strong female preponderance (62.36% 
female) and a large majority were of white ethnicity 
(74.85%). Around three-quarters of the sample were 
double-vaccinated, with the percentage of individuals 
who received Comirnaty, Vaxzevria and Spikevax being 
38.48%, 47.22% and 1.54%, respectively (  Table 2  ). 
The time at which patients received their vaccinations 
during the study period is presented in Figure 3 .

Frequencies of medically attended AEIs
The frequencies of medically attended AEIs reported 
within the study period are presented by condition 
and by vaccine brand in Table 3 . There were consulta-
tions for almost all AEIs within the study period, with 
the highest frequencies observed for milder symptoms 
such as joint pain, abdominal pain, cough and head-
ache. More severe conditions such as Guillain–Barré 
syndrome, myocarditis and pericarditis were relatively 
rare.

Incidence of medically attended AEIs in pre-
exposure and risk periods
In Model 1, we observed a slightly lower incidence of 
medically attended AEIs in the pre-exposure and risk 
periods for both Comirnaty and Vaxzevria compared 
with background levels, but a higher incidence of med-
ically attended AEIs in the risk period following the sec-
ond dose of Spikevax ( Table 4 ).

After accounting for age with an age interaction effect 
(Model 2), the RI remained lower than background 
levels in the pre-exposure and risk periods for both 
Comirnaty and Vaxzevria, but there was a marginally 
higher RI following one dose of Spikevax. The signifi-
cant age interaction effects indicated fewer medically 
attended AEIs were reported as age increased for 

individuals who received Comirnaty or Vaxzevria. We 
ran the models with age centred at 30 and 70 years 
to illustrate the differences in main effects for the dif-
ferent age groups. The RIs and 95% CIs are reported 
in Supplementary Tables S2–S3.

Incidence of medically attended adverse events 
of interest by category
As the frequencies of medically attended AEIs among 
individuals who received the Spikevax vaccine were 
too low for many of the categories, we performed the 
secondary analysis only for Comirnaty and Vaxzevria.
Following the first dose of Vaxzevria, there was an 
increased presentation with general non-specific, 
injection site and skin conditions. Following both doses 
of Comirnaty, but only the first dose of Vaxzevria, there 
was an increased incidence in immune and lymphatic 
conditions ( Table 5 ).

Sensitivity analysis
Our sensitivity analysis showed that in the third obser-
vation period, i.e., days 15 to 21 after both doses of 
Comirnaty and Spikevax and after the first dose of 
Vaxzevria, the RI of AEIs were not significantly differ-
ent from background levels. In days 8 to 14 and days 
15 to 21 after the second dose of Vaxzevria, the RI of 
AEIs were slightly elevated as shown in Supplementary 
Table S4.

Discussion
Our analysis compares the incidence of medically 
attended AEIs following COVID-19 vaccination to back-
ground levels in 781,200 individuals. Overall, there 
was a small decrease in medically attended AEIs post-
vaccination, reported by just under 10% of the regis-
tered population. Among those who sought medical 
attention for any of the prespecified AEIs, each per-
son on average presented two conditions which were 
coded into their clinical records. Most of these AEIs 
were not temporally associated with vaccination, and 
even those that occurred within 7 days of vaccination 
may not necessarily be causally related to vaccination.

The incidence of medically attended AEIs was lower 
compared with background levels of presentation in 
the first 7 days post-vaccination after both first and 
second doses for Comirnaty and Vaxzevria in our model 
that included age effects. We found a 3–7% decrease 
in incidence of medically attended AEIs in the 7 days 
post-vaccination for Comirnaty and Vaxzevria, but a 
20% increase following the first dose of Spikevax. 
Fewer medically attended AEIs were reported as age 
increased for both Comirnaty and Vaxzevria vaccines.

The safety profile varied slightly between different 
vaccine brands. The only notable differences were in 
the increased incidence of general non-specific, injec-
tion site and skin conditions following the first dose of 
Vaxzevria, as well as the increase incidence of immune 
and lymphatic conditions following the second dose of 
Comirnaty, which was not observed with Vaxzevria.

Figure 3
Time when individuals reporting adverse events of 
interest received their first and second doses of COVID-19 
vaccine by brand, England, 1 October 2020–12 September 
2021 (n = 1,287,771 doses)

Com
irnaty

Vaxzevria
Spikevax

0 50 100 150 200 250 300 350 400

0.0%
0.5%
1.0%
1.5%

0.0%
0.5%
1.0%
1.5%

0.0%
0.5%
1.0%
1.5%

Day

Ra
te

Vaccine dose 1 2

This figure shows when individuals received their first and second 
vaccine dose. The time is days from the study start date of 1 
October 2020.
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Table 3 a
Frequencies of medically attended adverse events of interest following COVID-19 vaccination reported at any point 
throughout the study period by condition and vaccine brand, England, 1 October 2020–12 September 2021 (n = 781,200 
individuals)

Condition

Comirnaty 
 

(1 or 2 doses) 
 

n = 300,641

Vaxzevria 
 

(1 or 2 doses) 
 

n = 368,898

Spikevax 
 

(1 or 2 doses) 
 

n = 12,024

Unvaccinated 
 

n = 99,637

n Rate per 
10,000 doses n Rate per 

10,000 doses n Rate per 
10,000 doses n

General non-specific
  Asthenia 1,064 19.02 1,494 21.11 11 5.33 505
  Fatigue 34,930 624.36 40,928 23.47 1,525 739.50 11,282
  Fever 8,940 159.80 12,120 171.26 270 130.93 3,578
  Fever with chills 28 0.50 29 0.41 0 0 5
  Malaise 8,797 157.25 10,935 154.52 173 83.89 2,252
  Oedema of face 60 1.07 101 1.43 4 1.94 19
Injection site
  Bruising 0 0 0 0 0 0 0
  Burning 0 0 0 0 0 0 0
  Erythema 9 0.16 25 0.35 1 0.48 5a

  Induration 0 0 3 0.04 0 0 0
  Inflammation 1 0.02 0 0 0 0 0
  Irritation 0 0 0 0 0 0 0
  Pain 16 0.29 57 0.81 2 0.97 6a

  Pruritus 0 0 0 0 1 0.48 0
  Rash 2 0.04 5 0.07 1 0.48 1a

  Swelling 16 0.29 27 0.38 4 1.94 2a

  Urticaria 0 0 3 0.04 0 0 0
Ear
  Tinnitus 7,972 142.50 11,901 168.17 368 178.45 2,081
Gastrointestinal
  Abdominal pain 76,997 1,376.28 92,299 1,304.22 3,587 1,739.40 31,389
  Diarrhoea 26,181 467.97 32,112 453.76 744 360.78 6,124
  Nausea 9,541 170.54 10,620 150.07 288 139.66 4,060
  Vomiting 10,588 189.26 12,798 180.84 378 183.30 6,096
Immune
  Anaphylaxis 419 7.49 861 12.17 21 10.18 235
  Hypersensitivity reactions 12,475 222.98 16,099 227.49 606 293.86 4,860
Lymphatic
  Lymphadenopathy 4,290 76.68 3,986 56.32 286 138.69 1,508
Metabolic/nutrition
  Decrease in appetite 4,746 84.83 5,899 83.36 90 43.64 1,872
Musculoskeletal
  Joint pain 89,366 1,597.37 124,710 1,762.20 2,470 1,197.75 19,813
  Myalgia 15,357 274.50 17,003 240.26 109 52.86 1,358
  Weakness 1,064 19.02 1,494 21.11 11 5.33 505

COVID-19: coronavirus disease.

a As the self-controlled case series design compares the occurrence of adverse events of interest in the risk period to the control period 
to determine whether the vaccine may be associated with a higher risk of certain adverse events, no a priori assumptions are made on 
whether these events are causally related, nor were there any selection process for events to include or exclude. For this reason, such 
events can include those that happened following administration of other vaccines, and a small number of injection site reactions were 
observed in the unvaccinated group.
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A strength of this study is the well-established ORCHID 
practice network [27], which has high data quality 
since GP’s receive feedback on the data they submit 
through practice visits (primarily virtual during the 
study period) and dashboards [28]. The design of NIMS 
has ensured that COVID-19 vaccination records are reli-
ably captured and sent back into primary care CMRs. 
In addition, this system has ensured that only a very 
small proportion of people did not have their vaccine 
brand recorded (0.5% for the first dose and 0.6% for 
the second dose) compared with influenza vaccination 
previously reported using data from the same surveil-
lance network (1.4%) [29].

Our study also had some limitations. Firstly, there are 
always uncertainties about data quality and whether all 
relevant events have been captured, which can result 
in an underestimation of the incidence of medically 

attended AEIs. In this study, only events requiring 
medical attention and involving a GP consultation 
have been captured. We also accept that we only cap-
tured medically attended AEIs, so our process would 
be classified by the EMA as passive surveillance. Our 
findings, as in many observational studies, likely rep-
resent only the tip of the ‘epidemiological iceberg’ [30], 
particularly for minor conditions. Where we have con-
ducted enhanced passive surveillance, i.e. including a 
customised reporting card to capture adverse events, 
more events are recorded [14]. While a unique national 
health number (NHS number) exists for every citizen 
and a national demographic service facilitates identifi-
cation of individuals and the matching with their health 
records, it is still possible for GP lists to be inflated, 
where a patient leaves but does not get deregistered. 
This could lead to inflation of our non-vaccinated group. 
It is also likely that the 7-day risk period selected did 

Condition

Comirnaty 
 

(1 or 2 doses) 
 

n = 300,641

Vaxzevria 
 

(1 or 2 doses) 
 

n = 368,898

Spikevax 
 

(1 or 2 doses) 
 

n = 12,024

Unvaccinated 
 

n = 99,637

n Rate per 
10,000 doses n Rate per 

10,000 doses n Rate per 
10,000 doses n

Neurological
  Bell’s palsy 1,199 21.43 1,661 23.47 50 24.25 425
  Dizziness 27,802 496.95 30,702 433.83 659 24.25 6,026
  Drowsiness 916 16.37 1,175 16.60 30 14.55 303
  Guillain–Barré syndrome 91 1.63 221 3.12 0 0 62
  Headache 60,901 1,088.58 74,663 1,055.02 3,365 1,631.75 22,855
  Lethargy 1,786 31.92 2,166 30.61 53 25.70 496
  Paraesthesia 6,533 116.77 9,394 132.74 223 108.14 1,865
  Peripheral tremor 3,633 64.94 4,752 67.15 50 24.25 597
Psychiatric
  Insomnia 11,723 209.54 14,714 207.92 434 210.45 4,583
Respiratory
  Cough 67,336 1,203.60 94,675 1,337.80 1,716 832.12 17,926
  Influenza-like illness 3,349 59.86 4,990 70.51 122 59.16 1,561
  Sneezing 255 4.56 233 3.29 6 2.91 110
  Sore throat 19,406 346.87 19,338 273.25 1,056 512.07 8,221
Skin
  Angioedema 647 11.56 1,003 14.17 25 12.12 214
  Eruption of skin 49,270 880.68 57,713 815.51 2,075 1,006.21 14,383
  Hyperhidrosis 828 14.80 623 8.80 34 16.49 420
Vascular
  Capillary leak syndrome 0 0 0 0 0 0 0
  Myocarditis 220 3.93 258 3.65 8 3.88 46
  Pericarditis 429 7.67 597 8.44 21 10.18 177

COVID-19: coronavirus disease.
a As the self-controlled case series design compares the occurrence of adverse events of interest in the risk period to the control period 

to determine whether the vaccine may be associated with a higher risk of certain adverse events, no a priori assumptions are made on 
whether these events are causally related, nor were there any selection process for events to include or exclude. For this reason, such 
events can include those that happened following administration of other vaccines, and a small number of injection site reactions were 
observed in the unvaccinated group.

Table 3 b
Frequencies of medically attended adverse events of interest following COVID-19 vaccination reported at any point 
throughout the study period by condition and vaccine brand, England, 1 October 2020–12 September 2021 (n = 781,200 
individuals)
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not capture all AEIs that may be associated with the 
vaccine. We used this window because it is the win-
dow selected by the EMA for surveillance of AEIs 
post-influenza vaccination [11]. We do not have access 
to data about whether those vaccinated were health-
care workers, of which most were vaccinated with the 
Comirnaty vaccine, and may have had greater exposure 
to the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) virus, or reported more adverse events 
[31]. We have not taken into account SARS-CoV-2 infec-
tions before vaccination or during the study period, 
which can be associated with some of these AEIs, and it 
remains unknown whether prior infection is associated 
with a higher or lower incidence of AEIs. Additionally, 
we have not included hospital emergency attendances 
that were not subsequently recorded back in the pri-
mary care record.

Our sensitivity analysis suggested it was reasonable 
to focus on the first 7 days after vaccination, aligned 
with the EMA recommendations for enhanced surveil-
lance post-influenza vaccination [10-12,14]. However, 
given the novelty of the COVID-19 vaccines and the 
suggestion that AEIs may have a higher incidence in 
the periods of 8 to 14 days and 15 to 21 days post-sec-
ond vaccination for one of the vaccines, examination 
of risk periods beyond the initial 7 days should be con-
sidered in future analyses. In particular, a limitation of 
the 7-day risk period we used is that some of the more 
serious cardiovascular and neurological AEIs such as 
myocarditis and Guillain–Barré Syndrome are more 
likely to fall outside this window, with symptom onset 
often occurring more than 10 days and potentially up to 
several weeks post-vaccination [32-37].

We did not include several rare but serious adverse 
events associated with COVID-19 vaccines which have 
already been reported [15,38,39], and our method 
excluded conditions associated with mortality dur-
ing the observation period to prevent violation of the 
event independence assumption of the SCCS design. 
Our overall conclusion about low RI of AEIs should not 
ignore these rare but important risks [15,39]. Few stud-
ies in the literature have examined subgroup or vaccine 
brand effects. Though others have reported more seri-
ous AEIs in males, studies present mixed findings over 
the effect of age [40,41]. Signals of lymphadenopathy 
and myocarditis have also been reported in a national 
study of the Comirnaty vaccine, but without a com-
parator [42]. Likewise, Bell’s palsy, paraesthesia, and 
Guillain–Barré syndrome have inconclusive associa-
tions with vaccination [43,44].

The reduction in incidence of AEIs within the first 7 
days has been observed in other studies. It may rep-
resent a ‘healthy vaccinee effect’, a type of bias in 
which people who are unwell may avoid or delay vacci-
nation [45]. General practice appointments dipped but 
then have recovered nearly back to normal following 
the COVID-19 pandemic, with a greater proportion of 
appointments taking place over the phone, which is a 
phenomenon that is observed both in the UK as well as 
globally [46,47]. We have seen no evidence to suggest 
that this would have differently affected the pre- and 
post-vaccination window.

Our results reporting the pattern of AEIs after COVID-19 
vaccination could provide a benchmark for future years 

Table 4
Relative incidence of medically attended adverse events of interest in the pre-exposure and risk periods following COVID-19 
vaccination for both doses by vaccine brand, England, 1 October 2020–12 September 2021 (n = 1,304,447 events including 
control period)

Model
Comirnaty Vaxzevria Spikevax

RI 95% CI RI 95% CI RI 95% CI
Model 1
  D1: −7 to −1 0.96*** 0.94–0.98 0.96*** 0.94–0.98 1.02 0.96–1.09
  D1: 0 to 7 0.92*** 0.90–0.94 0.96*** 0.94–0.97 1.05 1.00–1.12
  D2: −7 to −1 0.91*** 0.89–0.93 0.96*** 0.94–0.98 1.00 0.94–1.07
  D2: 0 to 7 0.94*** 0.92–0.96 0.95*** 0.94–0.97 1.07* 1.01–1.14
Model 2
  D1: −7 to −1 0.96*** 0.94–0.98 0.97*** 0.95–0.98 1.16 0.95–1.41
  D1: 0 to 7 0.93*** 0.91–0.94 0.97*** 0.95–0.98 1.20* 1.00–1.44
  D2: −7 to −1 0.92*** 0.90–0.94 0.96*** 0.95–0.98 1.07 0.95–1.35
  D2: 0 to 7 0.96*** 0.94–0.98 0.97*** 0.95–0.98 1.13 0.91–1.39
  D1: −7 to −1 x age 0.9978*** 0.9970–0.9987 0.9988* 0.9978–0.9999 1.0094 0.9990–1.0199
  D1: 0 to 7 x age 0.9973*** 0.9965–0.9982 0.9982*** 0.9973–0.9992 1.0035 0.9944–1.0128
  D2: −7 to −1 x age 0.9981*** 0.9972–0.9991 0.9993 0.9982–1.0004 1.0062 0.9932–1.0193
  D2: 0 to 7 x age 0.9965*** 0.9956–0.9973 0.9979*** 0.9968–0.9989 0.9988 0.9874–1.0103

COVID-19: coronavirus disease; D1: vaccine dose 1; D2: vaccine dose 2.
Days –7 to –1 refers to the pre-exposure period and days 0 to 7 refers to the risk period.
Significance is denoted as follows: * p < 0.05, ** p < 0.01, *** p < 0.001.
Age centred at 50 years in Model 2.
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as COVID-19 becomes endemic and there will be a con-
tinued need for vaccination. It is possible that either 
enhanced passive surveillance, where questionnaires 
are additionally used [14] or adding text searches using 
natural language processing (NLP) might increase AEI 
capture [48]. One study increased AEI capture using 
NLP by around 15% [49]. Where we have conducted 
enhanced passive surveillance for influenza, we have 

detected more AEIs, particularly local reactions that 
may not have reached the threshold for medical attend-
ance [14].

Conclusion
While it is recognised that COVID-19 vaccines are asso-
ciated with a small increase in incidence of rare but 
serious adverse events, there has been less reporting 
of other milder and more common AEIs. Against a list of 
prespecified medically attended AEIs, we found there 
was no increase in incidence following vaccination with 
either dose of Comirnaty or Vaxzevria, or the second 
dose of Spikevax. Standardised reporting of AEIs, pos-
sibly via sentinel systems, could provide safety data 
complementary to other mechanisms for monitoring 
vaccine safety.
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Table 5
Relative incidence of medically attended adverse events 
of interest in the pre-exposure and risk periods for both 
COVID-19 vaccine doses by condition and vaccine 
brand, England, 1 October 2020–12 September 2021 
(n = 1,283,570 events including control period)

Condition
Comirnaty Vaxzevria

RI 95% CI RI 95% CI
General / injection site / skin
D1: −7 to −1 0.97 0.92–1.01 0.96 0.92–1.00
D1: 0 to 7 0.98 0.94–1.02 1.07*** 1.03–1.11
D2: −7 to −1 0.95* 0.90–0.99 0.98 0.94–1.03
D2: 0 to 7 0.98 0.94–1.03 0.96 0.93–1.01
Gastrointestinal / metabolic / nutrition
D1: −7 to −1 0.89*** 0.86–0.93 0.95** 0.91–0.99
D1: 0 to 7 0.87*** 0.84–0.91 0.93*** 0.90–0.97
D2: −7 to −1 0.88*** 0.84–0.92 0.96* 0.92–1.00
D2: 0 to 7 0.87*** 0.83–0.90 0.93*** 0.89–0.97
Immune / lymphatic
D1: −7 to −1 1.16** 1.04–1.28 1.20*** 1.09–1.32
D1: 0 to 7 1.32*** 1.20–1.45 1.55*** 1.43–1.68
D2: −7 to −1 0.89 0.78–1.01 1.00 0.89–1.11
D2: 0 to 7 1.41*** 1.28–1.56 1.07 0.97–1.78
Musculoskeletal
D1: −7 to −1 1.01 0.96–1.06 1.01 0.97–1.05
D1: 0 to 7 0.92*** 0.88–0.97 0.87*** 0.84–0.91
D2: −7 to −1 0.92** 0.87–0.97 1.06** 102–1.11
D2: 0 to 7 0.97 0.92–1.01 1.00 0.96–1.04
Neurological / psychiatric
D1: −7 to −1 0.99 0.95–1.03 0.94** 0.91–0.98
D1: 0 to 7 0.92*** 0.88–0.95 1.00 0.97–1.04
D2: −7 to −1 0.91*** 0.87–0.95 0.91*** 0.87–0.94
D2: 0 to 7 0.94** 0.90–0.98 1.03 0.99–1.07
Respiratory / ear
D1: −7 to −1 0.91*** 0.86–0.95 0.87*** 0.83–0.91
D1: 0 to 7 0.87*** 0.83–0.91 0.82*** 0.79–0.86
D2: −7 to −1 0.89*** 0.84–0.93 0.90*** 0.86–0.95
D2: 0 to 7 0.93** 0.88–0.97 0.84*** 0.80–0.88
Vascular
D1: −7 to −1 0.61 0.27–1.34 0.66 0.38–1.16
D1: 0 to 7 0.88 0.51–1.51 0.77 0.47–1.26
D2: −7 to −1 0.97 0.51–1.82 0.60 0.31–1.17
D2: 0 to 7 1.24 0.72–2.12 0.46* 0.23–0.94

COVID-19: coronavirus disease; D1: vaccine dose 1; D2: vaccine 
dose 2.

Days –7 to –1 refers to the pre-exposure period and days 0 to 7 
refers to the risk period.

Significance is denoted as follows: * p < 0.05, ** p < 0.01, *** 
p < 0.001. Age centred at 50 years.
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