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ABSTRACT

Rationale: Follow-up of pre-licensure trial participants potentially informs a vaccine's long-term safety profile.
Design: This prospective study enrolled participants from the first clinical trials of ChAdOx1 nCoV-19 vaccine,
many of whom subsequently received COVID-19 vaccines in the UK vaccination programme. Serious adverse
events (SAEs) and adverse events of special interest (AESIs) were captured. AESI selection was based on Brighton
Collaboration definitions.

Results: Between September 2021 and April 2022, 4470 participants enrolled (58% female, median age 50 years);
3845/4470 (86.0%) completed the study. Median follow-up was 11.77 months; total follow-up was 48,116
person-months. There were 174 SAEs and 71 AESIs (33 events recorded as both) in 195 participants, including 5
deaths. Immunology data were available for a small subset of participants; total IgG against trimeric SARS-CoV-2
spike protein tended to increase during the study.

Conclusions: Although no emergent safety signals were detected, continued post-marketing surveillance remains

imperative, particularly for neurological disorders.
EudraCT number: 2021-003382-36.

1. Introduction

The COVID-19 pandemic spread rapidly across the globe in early
2020. By early 2021, several effective vaccines had been developed and
were being rolled out in expedited vaccination campaigns. In the UK,
three COVID-19 vaccines, manufactured by AstraZeneca (ChAdOx1l
nCoV-19), Pfizer-BioNTech (BNT162b2) and Moderna (mRNA-1273),
were deployed [1]. Booster vaccination was offered from September
2021, initially for people over 50 years old and other vulnerable groups
[2]. By December 2021, the booster campaign had extended to include
all adults and the minimum interval from second to third dose was
reduced to three months [3].

The scale and speed of vaccine deployment led to rapid accrual of
post-marketing surveillance data. Several very rare serious conditions
were identified as being associated with COVID-19 vaccines [4]. For
ChAdOx1 nCov-19, these included Guillain-Barré syndrome, transverse
myelitis, capillary leak syndrome and coagulation disorders. From
March 2021, there were reports linking ChAdOx1 nCoV-19 vaccination
with thrombosis with thrombocytopaenia syndrome (TTS), an extremely
rare but potentially life-threatening condition [5-7].

No cases of TTS were identified in the global clinical trials of ChA-
dOx1 nCoV-19. Nevertheless, safety follow-up of trial participants who
received vaccines before rollout may potentially provide the earliest
indication of potential long-term adverse events. The first human trials
of ChAdOx1-nCoV19 were COV001 and COV002. COV001 was a single
blind phase I/1I trial, conducted at five UK sites, in which 1077 healthy
adults aged 18-55 years were randomly allocated 1:1 to ChAdOx1
nCoV-19 (N = 543) or control (quadrivalent meningococcal conjugate
vaccine MenACWY, N = 534) [8-10]. COV002 was a single blind phase
II/1I trial, in which 10,812 participants were enrolled across 19 UK
sites; there were 12 groups, recruited according to age, and subdivided
according to randomised vaccine and dose schedule [11-13].

Here we describe the safety and immunogenicity observations in a
cohort of individuals who were among the first to receive ChAdOx1
nCoV-19. The primary objective was assessment of long-term safety of
ChAdOx1 nCoV-19. A secondary objective was to investigate the rela-
tionship between vaccination and immunological profile measured by
anti-SARS-CoV-2 spike protein immunoglobulins (IgG), in a randomly
selected subset of participants.

2. Materials and methods
2.1. Recruitment and study design
Former participants in COVO01 and COVO002 (including those

randomised to control groups) were invited to enrol in COV009. At this
point, many had already been offered a third dose COVID-19 booster

vaccine in a national vaccination programme. Participants were fol-
lowed up for 12 months; serious adverse events (SAEs) and adverse
events of special interest (AESIs) were recorded. Participants were
reviewed twice after enrolment, at 6 months (SV1) and 12 months
(SV2), at an in-person clinic visit (or if this was not feasible, by tele-
phone). In a subsidiary arm of the study (4th dose Subgroup), a subset of
participants who received two doses of ChAdOx1 nCoV-19 within
COV002, and who received an external third dose of BNT162b2 vaccine,
were offered ChAdOx1 nCoV-19 to assess the safety and immunogenicity
of ChAdOx1 nCoV-19 as a 4th dose booster. Participants were recruited
to the 4th dose Subgroup at SV1 or SV2.

2.2. Safety outcomes

SAEs and AESIs were recorded throughout the study. An SAE was
defined as any untoward medical occurrence that resulted in death, was
life-threatening, required inpatient hospitalisation or prolongation of
existing hospitalisation, resulted in persistent or significant disability/
incapacity, or congenital anomaly or birth defect, or which might have
required medical or surgical intervention to prevent one of these out-
comes. Selection of AESIs was based on Brighton Collaboration case
definitions [14], clinical experience, and scientific interest (Supple-
mentary Table Al). AESIs included various neuroinflammatory, blood,
endocrine, skin, musculoskeletal, liver and autoimmune conditions.
Guillain-Barré syndrome, transverse myelitis, cranial nerve neuropa-
thies and stroke were specifically included.

Events were assessed by delegated clinicians from the study sites;
each event was assessed by one clinician and graded for severity on a
standard scale, from grade 0 (no symptoms) to grade 4 (potentially life-
threatening), as shown in Supplementary Table A2.

The causal relationship between the adverse event and ChAdOx1
nCoV-19 administered during the parent trial (or, in 4th dose Subgroup
participants, between the adverse event and ChAdOx1 nCoV-19
administered as a fourth dose booster) was assessed and categorised as
no relationship, unlikely, possible, probable or definite (Supplementary
Table A3).

2.3. Immunogenicity outcomes

Total IgG ELISA against trimeric SARS-CoV-2 spike protein was
measured using a standardised assay (as previously described) [11] in a
randomly selected subgroup of participants (the immunology cohort), at
timepoints from commencement of COV001/COV002 until completion
of COV009, a period of approximately two years.
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2.4. Statistical analysis intervals (CIs) at each time point for which data were available. The
comparison of antibody measures across different time points was
Statistical analyses were descriptive, with no formal hypothesis evaluated using the geometric mean ratio (GMR) and corresponding
testing performed. Safety endpoints are summarised as frequencies and 95% CIs. The GMR was calculated as the antilogarithm of the difference
percentages. Immunogenicity endpoints are summarised as geometric between the mean log10-transformed concentrations at each time point
mean concentrations (GMCs) with corresponding 95% confidence and those at the reference time point.
e A
Enrolled
n=4,470
n=2, Excluded \. J
- No record of COVID-19
vaccination s ~
Included in analysis
n=4,468
. J
n=343, Withdrew after enrolment, before SV1:
- n=61, Participant withdrew consent
- n=1, Ineligibility
- n=5, Significant non-compliance with study
requirements
- n=248, Lost to follow up
- n=18, Subsequent enrolment in another trial
- n=10, Other
n=2, Died
Visit SV1

(6 months (+/- 28d) post enrolment)
n=3,987, Attended
n=136, Did not attend

enrol /vaccination

( n=1, Withdrew before
‘ - Other

n=269, Withdrew after SV1:
- n=29, Participant withdrew consent
- n=1, Significant non-compliance with study
requirements
- n=230, Lost to follow up
- n=7, Subsequent enrolment in another trial
- n=2, Other
n=3, Died

n=126

\4

n=5, Withdrew after

Subgroup enrolment

- n=1, Adverse event
requiring
discontinuation

- n=1, Participant
withdrew consent

- n=1, Lost to follow up

- n=2, Other

Visit SV2
(12 months (+/- 28d) post enrolment)
n=3,725, Attended

n=24

Completed study
n=3,845
- n=3,701, Through SV2
- n=144, Through 4t dose Subgroup

Fig. 1. CONSORT diagram.
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Results were analysed by broadly classifying participants into three
groups, based on all vaccination information recorded when they exited
the study: “ChAd only” (received only ChAdOx1 nCov-19); “mRNA
only” (received only BNT162b2, mRNA-1273 or unrecorded COVID-19
vaccines); “ChAd & mRNA” (received a mixed schedule of both ChA-
dOx1 nCov-19 and one or more doses of BNT162b2, mRNA-1273 or
unrecorded COVID-19 vaccine). In 15 instances of community vacci-
nation, the identity of administered COVID-19 vaccine was unrecorded.

2.5. Ethics

All participants gave informed consent. Ethical approval was ob-
tained from South Central - Berkshire Research Ethics Committee (REC
reference 21/SC/0261). Regulatory approval was granted by the Med-
icines and Healthcare products Regulatory Agency (IRAS reference
300,456).

3. Results
3.1. Participant flow

Fig. 1 is a CONSORT diagram showing participant disposition. All
randomised participants in COV001 and COV002 were eligible to enrol

in COVO009, regardless of study arm. Of 11,889 eligible individuals, 4470
consented to participate in COV009, enrolling between 3 September

Vaccine 88 (2026) 128951

2021 and 11 April 2022. Two had no record of receiving a COVID-19
vaccine and were excluded. Of the remaining 4468 participants, 469/
4468 (10%) were recruited from 1077 who enrolled in COV001, and
3999/4468 (90%) from 10,812 who enrolled in COV002. Overall, 3845/
4468 (86%) participants completed the study.

Median follow-up period was 11.77 months (IQR: 11.21, 12.20) and
total follow-up was 48,116 person-months. Median interval between
first COVID-19 vaccination and first COV009 study visit (SV1) was 574
days (IQR: 451, 678). SV1 occurred between 17 February 2022 and 31
October 2022. Second study visit (SV2) occurred between 22 August
2022 and 28 April 2023. Median interval between SV1 and SV2 was 182
days (IQR: 175, 190).

The “ChAd only” group contained 385 participants (91 (23.6%) of
whom had been randomised to the control group in COV001/2); the
“mRNA only” group contained 1014 participants (all of whom had been
randomised to the control group in COV001/2); the “ChAd & mRNA”
group contained 3069 participants (740 (24.1%) of whom had been
randomised to the control group in COV001/2).

3.2. Demographics

Table 1 shows baseline demographic characteristics of enrolled
participants. Fifty-eight percent (2594/4468) were female. The de-
mographic characteristics of the participants enrolled in COV009
broadly matched those in COV001 and COV002, although COV009

Table 1
Baseline characteristics of participants.
Total* Female Male
N = 4,468" ‘ ‘
ChAd & mRNA ChAd only' mRNA only ChAd & mRNA' ChAd only' mRNA only
N =1,741" N =213 N = 640’ N = 1,328’ N =172 N = 374
Study
COVo001 469 (10%) 172 (9.9%) 44 (21%) 37 (5.8%) 137 (10%) 58 (34%) 21 (5.6%)
COV002 3999 (90%) 1569 (90%) 169 (79%) 603 (94%) 1191 (90%) 114 (66%) 353 (94%)

Age (years)**

N 4468 1741 213

Mean (SD) 51 (15) 50 (14) 42 (13)

Median (IQR) 50 (39, 62) 49 (40, 60) 41 (32, 49)

Range 19, 88 19, 86 20,78
Age group**

18-55 years 2903 (65%) 1194 (69%) 181 (85%)

56-69 years 751 (17%) 279 (16%) 21 (9.9%)

>70 years 814 (18%) 268 (15%) 11 (5.2%)

Healthcare worker 2204 (49%) 946 (54%) 108 (51%)

640 1328 172 374

47 (13) 55 (16) 44 (14) 51 (16)

47 (38, 55) 55 (41, 71) 41 (33, 52) 51 (38, 67)
19, 84 19, 88 21,81 19, 84

490 (77%) 667 (50%) 142 (83%) 229 (61%)

98 (15%) 273 (21%) 14 (8.1%) 66 (18%)
52 (8.1%) 388 (29%) 16 (9.3%) 79 (21%)
502 (78%) 390 (29%) 51 (30%) 207 (55%)

Ethnicity

White 4236 (95%) 1673 (96%) 198 (93%) 617 (96%) 1250 (94%) 157 (91%) 341 (91%)

Asian 125 (2.8%) 34 (2.0%) 8 (3.8%) 12 (1.9%) 41 (3.1%) 6 (3.5%) 24 (6.4%)

Black 17 (0.4%) 5 (0.3%) 0 (0%) 0 (0%) 7 (0.5%) 4 (2.3%) 1 (0.3%)

Other 86 (1.9%) 28 (1.6%) 7 (3.3%) 11 (1.7%) 28 (2.1%) 5 (2.9%) 7 (1.9%)

Missing 4 (<0.1%) 1 (<0.1%) 0 (0%) 0 (0%) 2 (0.2%) 0 (0%) 1 (0.3%)
BMI

N 4462 1740 213 639 1325 172 373

Mean (SD) 26.3 (4.9) 26.3 (5.4) 26.9 (5.6) 26.1 (5.2) 26.3 (4.0) 26.0 (4.0) 26.4 (4.2)

Median (IQR) 25.5 (23.0, 28.7) 25.2 (22.5, 29.0) 25.5 (22.9, 30.0) 25.2 (22.3, 28.5) 25.9 (23.7, 28.4) 25.2 (23.5, 28.1) 26.0 (23.3, 28.7)

Range 13.8, 68.5 13.8, 64.1 17.8, 49.2 15.4,57.3 15.3, 68.5 18.9, 41.7 17.9, 45.8
Cardiovascular disorders 667 (15%) 207 (12%) 11 (5.2%) 62 (9.7%) 295 (22%) 12 (7.0%) 80 (21%)
Respiratory disorders 487 (11%) 198 (11%) 17 (8.0%) 72 (11%) 135 (10%) 17 (9.9%) 48 (13%)
Diabetes 98 (2.2%) 28 (1.6%) 2 (0.9%) 12 (1.9%) 41 (3.1%) 0 15 (4.0%)
! n (%).

" Two enrolled participants with no record of receiving a COVID-19 vaccine were excluded from the analysis.

™ Age at the time of receiving the first COVID-19 vaccine.

 COVID-19 vaccines received at time of exit from study: ChAd & mRNA: Both ChAdOx1 nCoV-19 and BNT162b2, mRNA-1273 or unrecorded COVID-19 vaccines;
ChAd only: Only ChAdOx1 nCoV-19; mRNA only: Only BNT162b2, mRNA-1273 or unrecorded COVID-19 vaccines.
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participants had a higher baseline median age (Supplementary
Table A4). The demographic profile of 623 participants not completing
COV009 was similar to that of all enrolled participants, apart from
baseline median age, which was lower in those not completing the study
(Supplementary Table A6).

3.3. Vaccinations

At study completion, the total number of COVID-19 vaccine doses in
studies and the community received by individual COV009 participants,
ranged from one to seven; 48% (2149/4468) received three doses and
33% (1458/4468) received four doses. The total number of vaccine
doses given to participants in the community (excluding those given as
part of studies COV001, COV002 and COV009 Subgroup) was 9254.
These comprised 6051/9254 (65.4%) BNT162b2, 1720/9254 (18.6%)
mRNA-1273, 1468/9254 (15.9%) ChAdOx1 nCov-19 and 15/9254
(0.2%) unrecorded. Supplementary Appendix B shows further vaccina-
tion details.

Intervals between vaccinations are shown in Supplementary
Table B5. Median interval between first and second COVID-19 vacci-
nation was 76 days (IQR: 57, 91) and between second and third COVID-
19 vaccination was 339 days (IQR: 198, 401).

3.4. SAEs

In total, 174 SAEs were reported by 159/4468 (3.56%) participants
during COV009 follow-up (Table 2). Thirteen participants reported two
SAEs, and one participant reported three. Overall, 23% (40/174) were
classified as grade 4 severity, and 61% (107/174) were classified as
grade 3. There were five deaths (caused by pancreatic cancer, motor
neurone disease, cerebral vascular accident, peritonitis with neu-
tropenic sepsis, and metastatic cholangiocarcinoma), all unrelated to
COVID-19 or COVID-19 vaccination (Supplementary Table C1). By
system organ class (SOC), the most reported SAEs were neoplasms (36/
4468; 0.81%), general disorders (34/4468; 0.76%), infections and in-
festations (20/4468; 0.45%), nervous system disorders (18/4468;
0.40%) and injury, poisoning and procedural complications (14/4468;
0.31%).

The median interval between most recent COVID-19 vaccination and
SAE was 159 days (IQR: 66, 262). The causal relationship between
ChAdOx1 nCoV-19 and SAE was assessed to be “no relationship” for
146/174 (86%) events and “unlikely” for 28/174 (14%). Eight SAEs
were related to SARS-CoV-2 infection.

Supplementary Table C6 compares the baseline characteristics of
participants who reported an SAE with those of participants who did not.
The group with SAEs tended to be older (median age 57 years versus 50
years), more likely to have underlying cardiovascular or respiratory
disease or diabetes, and less likely to be healthcare workers than par-
ticipants who did not experience an SAE.

3.5. AESIs

Sixty-eight participants reported a total of 71 AESIs (Table 3). One
participant experienced two AESIs and one participant reported three.
Thirty-three events (in 32 participants) were recorded as both SAE and
AESL. Overall, 11% (8/71) AESIs were classified as grade 4 severity, and
45% (32/71) were classified as grade 3. There was one death (caused by
motor neurone disease, also recorded as SAE). By SOC, the most re-
ported AESIs were infections and infestations (18/4468; 0.40%), ner-
vous system disorders (18/4468; 0.40%), neoplasms (6/4468; 0.13%)
and gastrointestinal disorders (6/4468; 0.13%).

The median interval between most recent COVID-19 vaccination and
AESI was 134 days (IQR: 43, 238). The causal relationship between
ChAdOx1 nCoV-19 and AESI was assessed to be “no relationship” for 49/
71 (69%) events and “unlikely” for 22/71 (31%). Eighteen AESIs were
related to SARS-CoV-2 infections.

Vaccine 88 (2026) 128951

Table 2
Summary of SAEs.
Total ChAd & ChAd mRNA
N = mRNA only only
4,468' N= N=385" N=
3,069' 1,014'
Nembeoprics s om0 @
P § (3.6%) (3.8%) = (3.2%)
SAE
Number of SAEs 174 128 9 37
Category of SAE
An important medical event 54 (31%) 39 (30%) 4 (44%) 11 (30%)
Death 5 (2.9%) 4 (3.1%) 1 (11%) 0
101
i i i 0, 0, 0,
Hospitalisation (58%) 72 (56%) 4 (44%) 25 (68%)
Life threatening 3 (1.7%) 3 (2.3%) 0 0
Significant disability/ 11 o o
incapacity (6.3%) 10(7.8%) O 1 (2.7%)
Severity
Grade 1 5 (2.9%) 4 (3.1%) 0 1 (2.7%)
Grade 2 22 (13%) 15 (12%) 2 (22%) 5 (14%)
107
0, 0, 0,
Grade 3 61%) 78 (61%) 3 (33%) 26 (70%)
Grade 4 40 (23%) 31 (24%) 4 (44%) 5 (14%)
System Organ Class
11
i i 0, 0,
Cardiac disorders (6.3%) 9 (7.0%) 0 2 (5.4%)
Cong?mt'fll, familial and 1 (0.6%) 0 1(11%) 0
genetic disorders
Ear and labyrinth disorders 1 (0.6%) 1 (0.8%) 0 0
Eye disorders 1 (0.6%) 1 (0.8%) 0 0
Gastrointestinal disorders 9 (5.2%) 6 (4.7%) 1 (11%) 2 (5.4%)
General disorders and
administration site 34 (20%) 25 (20%) 2 (22%) 7 (19%)
conditions
Hepatobiliary disorders 3 (1.7%) 3 (2.3%) 0 0
Immune system disorders 1 (0.6%) 1 (0.8%) 0 0
Infections and infestations 20 (11%) 13 (10%) 1 (11%) 6 (16%)
Injury, poisoning and 14 o o
procedural complications (8.0%) 8(6.3%) 0 6(16%)
Metabohsm and nutrition 100.6%) 0 0 12.7%)
disorders
Musculoskeletal and 307%)  323%) 0 0
connective tissue disorders
Neoplasms benign, 36 (21%) 29 (23%)  2(22%)  5(14%)
malignant and unspecified
Nervous system disorders 18 (10%) 13 (10%) 1(11%) 4(11%)
Pregnancy, puerperiumand ;4 gy 5390 101%)  127%)
perinatal conditions
Psychiatric disorders 1(0.6%) 1(0.8%) 0 0
. h R
Resp}ratpry, t' oracic and 5(2.9%) 5(3.9%) 0 0
mediastinal disorders
S.km anfi subcutaneous 100.6%) 100.8%) 0 0
tissue disorders
Surgical and medical 6(3.4%) 3(2.3%) ©.1%)
procedures
Vascular disorders 1(0.6%) 1(0.8%) 0 0
Outcome
Fatal 5 (2.9%) 4 (3.1%) 1 (11%) 0
Not recovered or resolved 35 (20%) 27 (21%) 1(11%) 7 (19%)
Recovered/resolved 98 (56%) 67 (52%) 6 (67%) 25 (68%)
Recovered/resolved with 22(13%) 20 (16%) 0 2 (5.4%)
sequelae
14
i i 0, 0, 0,
Recovering/resolving (8.0%) 10 (7.8%) 1 (11%) 3(8.1%)
Duration of SAE until recovered/resolved (days)*
Median (IQR) 4(1,31) 4(1, 35) 5(2,171) 4(1, 25)
Min, Max 0, 624 0, 408 1, 624 1, 301

(continued on next page)
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Table 2 (continued)

Total ChAd & ChAd mRNA
= mRNA only only
4,468' N= N=38" N=
3,069 1,014
Causality
. . 146 106
0, 0,
No relationship 84%) (83%) 8 (89%) 32 (86%)
Unlikely 28 (16%) 22 (17%) 1(11%) 5 (14%)
Relationship to ChAdOx1 nCoV-19
174 128 37
0,
Not related 100%) (100%) 9 (100%) (100%)
SARS-CoV-2 infection
0/ 0, 0, 0,
related SAE 8 (4.6%) 5 (3.9%) 1(11%) 2 (5.4%)
Last COVID-19 vaccine before SAE
ChAdOx1 27 (16%) 18 (14%) 9 (100%) -
mRNA-1273 22 (13%) 18 (14%) - 4 (11%)
125
0, — 0,
BNT162b2 72%) 92 (72%) 33 (89%)
Days since last COVID-19 vaccine
. 159 (66, 149 (65, 472 (232, 131 (59,
Median (IQR) 262) 264) 488) 235)
Min, Max 1,789 9, 473 11, 789 1, 561
! n (%).

* Duration of SAE calculated as the period between start and resolution dates
of event. Events starting and resolving on the same date have duration 0 days.

Supplementary Table C7 compares the baseline characteristics of
participants who reported an AESI with those of participants who did
not. The group with AESIs tended to be older (median age 56 years versus
50 years), more likely to be male (51% versus 42%), more likely to have
underlying cardiovascular disease (but not respiratory disease or dia-
betes), and less likely to be healthcare workers than participants who did
not experience an AESI.

3.6. Immunogenicity

Reactogenicity and immunogenicity results from the fourth dose sub-
study (4th dose Subgroup) have been reported previously [15]. The
immunology data presented here are from immunology cohort partici-
pants with available results.

For participants who received a second dose of ChAdOx1 nCoV-19 at
28 days after their first dose in COV001/COV002, IgG geometric mean
concentration (GMC) was 481 AU/mL (375-617) at 28 days post second
dose (n = 44), 4301 AU/mL (2970-6229) at COV009 SV1 (n = 40), and
14,342 AU/mL (9890-20,800) at COV009 SV2 (n = 38). For participants
who received a second dose of ChAdOx1 nCoV-19 at 2 to <6 months
after their first dose in COV001/COV002, IgG GMC was 928 AU/mL
(567-1519) at 28 days post second dose (n = 26), 5905 AU/mL (3841-
9076) at COV009 SV1 (n = 25), and 13,396 AU/mL (9016-19,902) at
COV009 SV2 (n = 24). Inmunogenicity results are shown in Supple-
mentary Appendix D.

4. Discussion

In this study, 4468 participants from two early clinical trials of
ChAdOx1 nCoV-19 vaccine were followed up after completion of the
original trials for one year; 86% (3845/4468) completed the study. In
total, 174 SAEs were reported by 159 participants, and 71 AESIs were
reported by 68 participants (with 33 events recorded as both SAE and
AESI). No adverse event was assessed as likely to have been related to
ChAdOx1 nCoV-19.

Only 37.6% (4468/11,889) of the participants who enrolled in
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Days since last COVID-19 vaccine

Table 3
Summary of AESIs.
Overall ChAd & ChAd mRNA
N = mRNA only only
4,468" N= N=38" N=
3,069 1,014
Number of participants 68 (1.5%) 51(1.7%) 7 (1.8%) 10
experiencing at least one (1.0%)
AESI
Number of AESIs 71 54 7 10
Severity
Grade 1 10 (14%) 9 (17%) 0 1 (10%)
Grade 2 21 (30%) 17 (31%) 3 (43%) 1 (10%)
Grade 3 32 (45%) 24 (44%) 1 (14%) 7 (70%)
Grade 4 8 (11%) 4 (7.4%) 3 (43%) 1 (10%)
System Organ Class
Cardiac disorders 2 (2.8%) 1 (1.9%) 0 1 (10%)
Ear and labyrinth disorders 1 (1.4%) 1 (1.9%) 0 0
Endocrine disorders 1 (1.4%) 1 (1.9%) 0 0
Gastrointestinal disorders 6 (8.5%) 3 (5.6%) 2 (29%) 1 (10%)
General disorders and
administration site 3 (4.2%) 3 (5.6%) 0 0
conditions
Hepatobiliary disorders 2 (2.8%) 1 (1.9%) 1 (14%) 0
Infections and infestations 18 (25%) 12 (22%) 2 (29%) 4 (40%)
Musculc.)skelletal an'd 3 (4.2%) 3 (5.6%) 0 0
connective tissue disorders
Neoplasms benign, 6(8.5%)  5(9.3%) 1(14%) 0
malignant and unspecified
18 13
3 % 0 0,
Nervous system disorders (25%)* (24%) 1 (14%) 4 (40%)
Resp.lrat'ory, thoracm and 4(5.6%) 4(7.4%) 0 0
mediastinal disorders
S:km anf:l subcutaneous 3 (4.2%) 3 (5.6%) 0 0
tissue disorders
Surgical and medical 1(1.4%) 1(1.9%) 0 0
procedures
Vascular disorders 3 (4.2%) 3 (5.6%) 0 0
Outcome
Fatal 1 (1.4%) 0 1 (14%) 0
Not recovered or resolved 16 (23%) 14 (26%) 1 (14%) 1 (10%)
Recovered/resolved 42 (59%) 31 (57%) 4 (57%) 7 (70%)
Recovered resolved with 6 (8.5%) 6 (11%) 0 0
sequelae
Recovering/resolving 6 (8.5%) 3 (5.6%) 1 (14%) 2 (20%)
Duration of AESI until recovered/resolved (days)**
Median (IQR) 7 (2, 35) 6 (3, 35) ;;;)(7’ 7 (1,18)
Min, Max 0, 624 0, 237 2, 624 0, 34
Causality
No relationship 49 (69%) 35 (65%) 5 (71%) 9 (90%)
Unlikely 22 (31%) 19 (35%) 2 (29%) 1 (10%)
Relationship to ChAdOx1 nCoV-19
71 54 10
0,
Not related aoow) ooy~ 100%) (100%)
SARS-CoV-2 infection
0, 0, 0, 0,
related AESI 18 (25%) 14 (26%) 2 (29%) 2 (20%)
Last COVID-19 vaccine before AESI
ChAdOx1 12 (17%) 5 (9.3%) 7 (100%) -
mRNA-1273 9 (13%) 8 (15%) - 1 (10%)
BNT162b2 49 (69%) 40 (74%) - 9 (90%)
Unrecorded 1 (1.4%) 1 (1.9%) - 0

(continued on next page)
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Table 3 (continued)

Overall ChAd & ChAd mRNA
N = mRNA only only
4,468" N = N = 385" =
3,069’ 1,014’
Median (IQR) 134 (43, 126 (41, 233(187, 81 (50,
238) 230) 473) 225)
Min, Max 3, 801 3,348 11, 801 31, 500

! n (%).

* One participant reported two AESIs in SOC “Nervous system disorders”.

™ Duration of AESI calculated as the period between start and resolution dates
of event. Events starting and resolving on the same date have duration 0 days.

COV001 and COV002 went on to take part in COV009, possibly because
volunteers perceived less incentive to participate in the follow-up than
the parent studies. Participation in COV001 and COV002 offered vol-
unteers the chance to receive a COVID-19 vaccine, when none was
generally available; when COV009 recruited, COVID-19 vaccines were
being routinely used.

At the time of enrolment in the parent studies, COV009 participants
had a higher median age (49 years) than all COV002 participants (44
years) or all COV001 participants (35 years). Similarly, participants
completing COV009 had a higher median age (51 years) than those not
completing the study (43 years). Older people might have felt more
motivated to remain involved in COVID-19 research (being more likely
to suffer serious COVID-19 disease) than younger individuals.

The COVID-19 vaccinations received by study participants varied
widely, both in number and type. This reflects the routine use of three
different vaccines in the UK, whose availability varied by region, and
changing national recommendations over the period of follow-up [16].
The majority of participants (3069/4468; 68.7%) received a combina-
tion of both ChAdOx1 nCoV-19 and one or more mRNA COVID-19
vaccines. Most vaccinations received in the community (7771/9254;
86%) were mRNA COVID-19 vaccines.

A combined analysis of data from COV001 and COV002, together
with similar trials in Brazil (COV003) and South Africa (COV005), re-
ported 175 SAEs occurring in 168 participants, with 84 events in the
ChAdOx1 nCoV-19 group and 91 in the control group (during follow-up
of 74,341 person-months) [12].

Our finding of no emergent safety signal accorded with other long-
term follow-up studies of ChAdOxl1 nCoV-19 trial participants,
including a large study from USA, Chile and Peru, which followed up
participants from phase III trials for two years (totalling 37,311 people-
years) [17]. Similarly, no safety signal was identified by a post-
authorisation surveillance study from the UK, which followed partici-
pants for 18 months after their first ChAdOx1 nCov-19 dose [18].

Firm data on the expected background rates of diagnoses in the study
population would have facilitated evaluation of our findings by enabling
comparison of observed with expected rates of events. One UK post-
authorisation surveillance study used data from CPRD GOLD (a large
UK healthcare record database, currently with about 3 million active
patients), to determine expected rates for outcomes of interest; the study
population closely resembled ours [18]. For some outcomes (selected
according to availability of data from this source), rates observed in our
study are compared with expected rates in Supplementary Table C8. The
only one of these outcomes where observed rate was notably greater
than expected (O:E ratio 18) was Guillain-Barré syndrome.

Immunological data were only available for a small, non-randomised
subset of study participants. However, levels of total IgG against trimeric
SARS-CoV-2 spike protein were notably greater during the COV009
phase of the study than after two doses of ChAdOx1 nCoV-1 vaccine in
COV001/002, and higher at the end of COV009 (at SV2) than six months
earlier (at SV1). This probably reflects a combination of the effects of
additional COVID-19 vaccine doses and natural boosting from SARS-
CoV-2 infections [19]. In the fourth dose sub-study (4th dose Sub-
group), 37.9% (33/87) of participants were anti-nucleocapsid
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seropositive immediately before they received their fourth dose in
September 2022; 39.6% (59/149) self-reported SARS-CoV-2 infection in
the six months before their fourth dose and 15.4% (23/149) self-
reported infection 14-180 days after the fourth dose [15].

Studies from India have reported an increased risk of adverse events
in individuals receiving COVID-19 vaccination after SARS-CoV-2 infec-
tion [20,21]. If this were so, we might expect to see more SAEs and AESIs
towards the end of our study than at the beginning, given the high rate of
infection during the study, but this pattern does not emerge from our
data (Supplementary Fig. C1). However, our study was not designed to
address this question specifically.

Our study had several limitations, in addition to those noted above.
Nearly all participants were of white ethnicity, limiting the general-
isability of the results. A study of a few thousand participants is unlikely
to detect very rare (<1:10,000) events; TTS occurs after around
1:100,000 first doses of ChAdOx1 nCoV-19, and so was very unlikely to
be seen in our study. Assessment of the causal relationship between
vaccination and event by a clinician is inherently subjective. It might
have been better for each event to be assessed by a panel, rather than an
individual clinician. The wide variety of vaccine doses received by
participants in the community further complicated assessment.

The rapid global roll-out of COVID-19 vaccines produced a plethora
of post-marketing data, outpacing our study objectives. Although long-
term follow-up of participants in early clinical trials of a vaccine offers
the potential for early identification of late-onset hazards, the strategy
does not replace careful post-marketing surveillance, which enables
detection of extremely rare adverse events. Nevertheless, the prospec-
tive nature of our study, with its prolonged and detailed follow-up of
participants from pre-licensure trials, provides a unique dataset.
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