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Summary
Background Older adults (aged ≥70 years) are at increased risk of severe disease and death if they develop COVID-19 
and are therefore a priority for immunisation should an efficacious vaccine be developed. Immunogenicity of vaccines 
is often worse in older adults as a result of immunosenescence. We have reported the immunogenicity of a novel 
chimpanzee adenovirus-vectored vaccine, ChAdOx1 nCoV-19, in young adults, and now describe the safety and 
immunogenicity of this vaccine in a wider range of participants, including adults aged 70 years and older.

Methods In this report of the phase 2 component of a single-blind, randomised, controlled, phase 2/3 trial (COV002), 
healthy adults aged 18 years and older were enrolled at two UK clinical research facilities, in an age-escalation manner, 
into 18–55 years, 56–69 years, and 70 years and older immunogenicity subgroups. Participants were eligible if they 
did not have severe or uncontrolled medical comorbidities or a high frailty score (if aged ≥65 years). First, participants 
were recruited to a low-dose cohort, and within each age group, participants were randomly assigned to receive 
either intramuscular ChAdOx1 nCoV-19 (2·2 × 10¹⁰ virus particles) or a control vaccine, MenACWY, using block 
randomisation and stratified by age and dose group and study site, using the following ratios: in the 18–55 years 
group, 1:1 to either two doses of ChAdOx1 nCoV-19 or two doses of MenACWY; in the 56–69 years group, 3:1:3:1 to 
one dose of ChAdOx1 nCoV-19, one dose of MenACWY, two doses of ChAdOx1 nCoV-19, or two doses of MenACWY; 
and in the 70 years and older, 5:1:5:1 to one dose of ChAdOx1 nCoV-19, one dose of MenACWY, two doses of ChAdOx1 
nCoV-19, or two doses of MenACWY. Prime-booster regimens were given 28 days apart. Participants were then 
recruited to the standard-dose cohort (3·5–6·5 × 10¹⁰ virus particles of ChAdOx1 nCoV-19) and the same randomisation 
procedures were followed, except the 18–55 years group was assigned in a 5:1 ratio to two doses of ChAdOx1 nCoV-19 
or two doses of MenACWY. Participants and investigators, but not staff administering the vaccine, were masked to 
vaccine allocation. The specific objectives of this report were to assess the safety and humoral and cellular 
immunogenicity of a single-dose and two-dose schedule in adults older than 55 years. Humoral responses at baseline 
and after each vaccination until 1 year after the booster were assessed using an in-house standardised ELISA, a 
multiplex immunoassay, and a live severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) microneutralisation 
assay (MNA80). Cellular responses were assessed using an ex-vivo IFN-γ enzyme-linked immunospot assay. The 
coprimary outcomes of the trial were efficacy, as measured by the number of cases of symptomatic, virologically 
confirmed COVID-19, and safety, as measured by the occurrence of serious adverse events. Analyses were by group 
allocation in participants who received the vaccine. Here, we report the preliminary findings on safety, reactogenicity, 
and cellular and humoral immune responses. This study is ongoing and is registered with ClinicalTrials.gov, 
NCT04400838, and ISRCTN, 15281137.

Findings Between May 30 and Aug 8, 2020, 560 participants were enrolled: 160 aged 18–55 years (100 assigned to 
ChAdOx1 nCoV-19, 60 assigned to MenACWY), 160 aged 56–69 years (120 assigned to ChAdOx1 nCoV-19: 40 assigned 
to MenACWY), and 240 aged 70 years and older (200 assigned to ChAdOx1 nCoV-19: 40 assigned to MenACWY). 
Seven participants did not receive the boost dose of their assigned two-dose regimen, one participant received the 
incorrect vaccine, and three were excluded from immunogenicity analyses due to incorrectly labelled samples. 
280 (50%) of 552 analysable participants were female. Local and systemic reactions were more common in participants 
given ChAdOx1 nCoV-19 than in those given the control vaccine, and similar in nature to those previously reported 

Published Online 
November 19, 2020 
https://doi.org/10.1016/ 
S0140-6736(20)32466-1

See Online/Comment 
https://doi.org/10.1016/ 
S0140-6736(20)32481-8

*Contributed equally

Oxford Vaccine Group, 
Department of Paediatrics 
(M N Ramasamy DPhil, 
M Voysey DPhil, P K Aley PhD, 
S Bibi PhD, E A Clutterbuck PhD, 
R Colin-Jones MSc, C Dold PhD, 
K R W Emary BM BCh, 
S Kerridge MSc, A Lelliott BMBS, 
N G Marchevsky MSc, 
Y Mujadidi MSc, E Plested, 
S Rhead MBChB, N Singh DPhil, 
C C Smith PhD, M D Snape MD, 
R Song MD, 
Prof A J Pollard FMedSci), 
The Jenner Institute 
(A M Minassian DPhil, 
K J Ewer PhD, A L Flaxman DPhil, 
P M Folegatti MD, B Angus MD, 
G Babbage MPhil, 
S Belij-Rammerstorfer PhD, 
M Bittaye PhD, P Cicconi PhD, 
S Fedosyuk PhD, M Fuskova MSc, 
M M Hou MRCPCH, 
D Jenkin MRCP, C C D Joe PhD, 
A M Lawrie PhD, 
R Makinson MBiol, 
T Rawlinson DPhil, 
A J Ritchie PhD, 
Y Themistocleous MBChB, 
M E E Watson PhD, 
A D Douglas DPhil, 
Prof A V S Hill FMedSci, 
T Lambe PhD, 
Prof S C Gilbert PhD), and Clinical 
Biomanufacturing Facility 
(C Green PhD, R Tarrant PhD), 
Nuffield Department of 
Medicine, and Oxford Centre

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(20)32466-1&domain=pdf


Articles

2 www.thelancet.com   Published online November 19, 2020   https://doi.org/10.1016/S0140-6736(20)32466-1

for Clinical Tropical Medicine 
and Global Health 

(H Robinson DipHE), University 
of Oxford, Oxford, UK; NIHR 

Clinical Research Facility, 
University Hospital 

Southampton NHS Trust, 
Southampton, UK 

(D R Owens MRCPCH, 
L Berry BSc, H Chappell MBBS, 

D Gbesemete MRCPCH, 
M N Lwin MSc, 

A P S Munro MRCPCH, 
M Pacurar MD, J Rand BA, 

A L Ross-Russell MA, S Saich BA, 
S C Warren MBBC); Paediatric 

Medicine, University of 
Southampton, Southampton, 

UK (K Cathie MD); National 
Infection Service, Public Health 

England, Porton Down, 
Salisbury, UK (S Charlton PhD, 

B Hallis PhD, K M Thomas PhD); 
NIHR Oxford Biomedical 

Research Centre, Oxford, UK 
(E A Clutterbuck, C Dold, S Rhead, 

H Robinson, A D Douglas, 
Prof A V S Hill, T Lambe, 

Prof S C Gilbert, Prof A J Pollard); 
AstraZeneca 

BioPharmaceuticals Research 
and Development, 

Washington, DC, USA 
(E J Kelly PhD); AstraZeneca 

BioPharmaceuticals Research 
and Development , Bethesda, 

MA, USA (T L Villafana PhD); 
Division of Infectious Diseases, 

Boston Children’s Hospital, 
Boston, MA, USA (R Song); and 

NIHR Southampton Clinical 
Research Facility and 

Biomedical Research Centre, 
University Hospital 

Southampton NHS Trust and 
Faculty of Medicine and 

Institute for Life Sciences, 
University of Southampton, 

Southampton, UK 
(Prof S N Faust FRCPCH)

Correspondence to: 
Dr Maheshi N Ramasamy, 

Department of Paediatrics, 
University of Oxford, 
Oxford OX3 9DU, UK 

maheshi.ramasamy@
paediatrics.ox.ac.uk

Introduction
As of Nov 13, 2020, over 52 million people have been 
diagnosed with COVID-19 worldwide, with over 1·2 mil-
lion confirmed deaths.1 Severe COVID-19 is more com-
mon in adults aged 70 years and older and in individuals 
with comorbidities such as hypertension, diabetes, cardio-
vas cular disease, and chronic respiratory disease.2 A safe 
and effective vaccine against severe acute respiratory 
syn drome coronavirus 2 (SARS-CoV-2) will be an impor-
tant tool in controlling the global COVID-19 pandemic. 
Although there are no licensed vaccines against COVID-19, 
48 potential vaccine candidates based on a variety of 
platforms including lipid nanoparticle mRNA, DNA, 
adjuvanted protein, inactivated virus particles, and non-
replicating viral vectors are in clinical trials (of which 
11 candidates are in phase 3 trials) and a further 
164 candidates are in preclinical testing.3

The WHO global target product profile of critical char-
acteristics for prequalification of a COVID-19 vaccine 
requires candidates to be targeted at the most at-risk 
groups, including older adults; have a favourable safety 
profile; provide efficacy as measured by prevention of 
virologically confirmed disease or transmission, or both; 
and to provide at least 6 months of protection for 
individuals at ongoing risk of exposure to SARS-CoV-2.4 
On Sept 25, 2020, the UK Joint Committee on Vaccination 
and Immunisation (JCVI) gave interim recommendations 
for the national prioritisation of COVID-19 vaccines.5 
The following groups were provisionally prioritised: 

first, older adults living in residential care homes and 
residential care home workers; second, all adults aged 
80 years or older and health-care and social-care workers; 
and third, all adults aged 75 years and older. However, 
the JCVI acknowledged that this priority ranking could 
change substantially if the first available vaccines were not 
considered safe or effective in older adults. Similar recom-
mendations have also been made by the US Advisory 
Committee on Immunization Practices.6

Immunosenescence refers to the gradual deterioration 
and decline of the immune system brought on by ageing. 
Age-dependent differences in the functionality and 
availability of T-cell and B-cell populations are thought to 
have a key role in the decrease of immune response.7 
There has been a drive to develop vaccines and adjuvant 
formulations tailored for older adults to overcome this 
diminished immune response after vaccination. Assess-
ment of immune responses in older adults is therefore 
essential in the development of COVID-19 vaccines that 
could protect this susceptible population.

The spike protein of SARS-CoV-2 binds to ACE2 
receptors on target cells during viral entry. Analysis of 
convalescent patients suggests that the spike protein is 
an immunodominant antigen, eliciting both antibody 
and T-cell responses.8 Most COVID-19 candidate vac-
cines have been developed to induce anti-spike protein 
immune responses. Clinical trials using several different 
vaccine platforms including mRNA,9,10 adenoviral vec-
tored vaccines,11,12 inactivated virus,13,14 and adjuvanted 

(injection-site pain, feeling feverish, muscle ache, headache), but were less common in older adults (aged ≥56 years) 
than younger adults. In those receiving two standard doses of ChAdOx1 nCoV-19, after the prime vaccination local 
reactions were reported in 43 (88%) of 49 participants in the 18–55 years group, 22 (73%) of 30 in the 56–69 years 
group, and 30 (61%) of 49 in the 70 years and older group, and systemic reactions in 42 (86%) participants in the 
18–55 years group, 23 (77%) in the 56–69 years group, and 32 (65%) in the 70 years and older group. As of Oct 26, 2020, 
13 serious adverse events occurred during the study period, none of which were considered to be related to either 
study vaccine. In participants who received two doses of vaccine, median anti-spike SARS-CoV-2 IgG responses 
28 days after the boost dose were similar across the three age cohorts (standard-dose groups: 18–55 years, 
20 713 arbitrary units [AU]/mL [IQR 13 898–33 550], n=39; 56–69 years, 16 170 AU/mL [10 233–40 353], n=26; and 
≥70 years 17 561 AU/mL [9705–37 796], n=47; p=0·68). Neutralising antibody titres after a boost dose were similar 
across all age groups (median MNA80 at day 42 in the standard-dose groups: 18–55 years, 193 [IQR 113–238], n=39; 
56–69 years, 144 [119–347], n=20; and ≥70 years, 161 [73–323], n=47; p=0·40). By 14 days after the boost dose, 
208 (>99%) of 209 boosted participants had neutralising antibody responses. T-cell responses peaked at day 14 after a 
single standard dose of ChAdOx1 nCoV-19 (18–55 years: median 1187 spot-forming cells [SFCs] per million peripheral 
blood mononuclear cells [IQR 841–2428], n=24; 56–69 years: 797 SFCs [383–1817], n=29; and ≥70 years: 977 SFCs 
[458–1914], n=48).

Interpretation ChAdOx1 nCoV-19 appears to be better tolerated in older adults than in younger adults and has similar 
immunogenicity across all age groups after a boost dose. Further assessment of the efficacy of this vaccine is warranted 
in all age groups and individuals with comorbidities.
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spike glycoprotein15 have shown neutralising antibody 
responses after immunisation.

Replication-deficient adenovirus vectors containing a 
pathogen-specific transgene have been used as novel 
vaccines because of their ability to induce strong humoral 
and cellular responses.16 However, pre-existing immu nity 
might reduce the immunogenicity of vectors derived 
from human viruses; hence, use of simian adenoviruses 
might be preferable. ChAdOx1 nCoV-19 is a replica-
tion-defective chimpanzee adenovirus-vectored vaccine 
expressing the full-length SARS-CoV-2 spike glycoprotein 
gene (GenBank accession number MN908947). Vacci-
nation of rhesus macaques with a single dose of ChAdOx1 
nCoV-19 generates humoral and cellular immune 
responses and protects from lower respiratory infection 
after subsequent challenge with SARS-CoV-2.17 Prelimi-
nary results of a phase 1/2 clinical trial of ChAdOx1 
nCoV-19 in adults aged 18–55 years show that the vaccine 
is well tolerated and generates robust neutralising 
antibody and cellular immune responses against the 

spike glycoprotein.18 Here we present the safety and 
immuno genicity results of a phase 2 component of a 
phase 2/3 multicentre study using ChAdOx1 nCoV-19 
at two diff  erent doses, in adults including those aged 
56–69 years and 70 years and older, and in a one-dose or 
two-dose regimen.

Methods
Study design and participants
In this continuing single-blind, multicentre, randomised, 
controlled, phase 2/3 trial, the safety and efficacy of 
the ChAdOx1 nCoV-19 vaccine is being assessed, with 
sequential age-escalation immunogenicity substudies 
being done in older age groups. The study is being run at 
20 centres in the UK (listed in the appendix [pp 84–87]). 
Here we report selected results from the phase 2 
component of the trial and for which participants were 
enrolled at two sites in the UK: the Oxford Vaccine 
Centre, Centre for Clinical Vaccinology and Tropical 
Medicine, University of Oxford (Oxford) and the NIHR 

Research in context

Evidence before this study
We searched PubMed for research articles published from 
database inception until Nov 13, 2020, with no language 
restrictions, using the terms “SARS-CoV-2”, “vaccine”, 
AND “clinical trial”. We identified published clinical trial data on 
eight other vaccine candidates. Two recombinant viral vectored 
vaccines have been tested in clinical trials. A single dose 
adenovirus (Ad) 5 vector-based vaccine (CanSino Biological/
Beijing Institute of Biotechnology, China) elicited neutralising 
antibodies and T-cell responses in a dose-dependent manner, 
but was less immunogenic in individuals older than 55 years. 
A heterologous prime-boost Ad5/Ad26-vectored vaccine 
schedule (Gamaleya Research Institute, Russia) generated 
neutralising antibody and cellular responses in adults younger 
than 60 years. Two nucleoside-modified mRNA vaccine 
candidates using a two-dose regimen were tested in adults 
aged 18–55 years and 65–85 years, and generated neutralising 
antibodies in both age groups in a dose-dependent manner, 
although immunogenicity decreased with age (Pfizer/BioNTech, 
USA). Another mRNA vaccine (Moderna, USA) was given to 
adults older than 56 years. The vaccine was tolerated, with 
neutralising antibodies induced in a dose-dependent manner, 
which increased after a second dose. Neutralising antibody 
responses with this mRNA vaccine appeared to be similar in 
adults older than 56 years to those aged 18–55 years who also 
received the vaccine. Two inactivated viral vaccines have also 
shown neutralising antibody responses in a dose-dependent 
manner in adults aged 18–59 years (Wuhan Institute Biological 
Products/SinoPharm, China) or adults aged 18–59 and 60 years 
and older (Beijing Institute Biological products/SinoPharm, 
China), with the second showing lower neutralising antibody 
titres in older adults after two doses. Finally, a clinical trial of a 
nanoparticle vaccine composed of adjuvanted trimeric severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike 
glycoproteins (Novavax, USA) reported results of a two-dose 
schedule given 3 weeks apart in healthy adults younger than 
60 years. This vaccine was well tolerated and induced 
neutralisation responses that exceeded those measured in 
serum samples from convalescent symptomatic patients. 

Added value of this study
This study is the fifth published clinical trial of a vaccine against 
SARS-CoV-2 tested in an older adult population (aged 
18–55 years, 56–69 years, and ≥70 years). The vaccine was safe 
and well tolerated, with reduced reactogenicity in older adults. 
Antibody responses against the SARS-CoV-2 spike protein were 
induced in all age groups and were boosted and maintained at 
28 days after booster vaccination, including in the 70 years and 
older group. Cellular immune responses were also induced in all 
age and dose groups, peaking at day 14 after vaccination.

Implications of all the available evidence
The populations at greatest risk of serious COVID-19 include 
people with coexisting health conditions and older adults. 
The immune correlates of protection against SARS-CoV-2 have 
not yet been determined, but neutralising antibodies are 
thought to be associated with protection, and in a COVID-19 
non-human primate challenge model, neutralising antibody 
responses correlated with protection. These findings have led 
to the use of neutralisation assays to assess immune responses 
in recent human COVID-19 vaccine trials. Immunisation with 
ChAdOx1 nCoV-19 results in development of neutralising 
antibodies against SARS-CoV-2 in almost 100% of participants 
including older adults without severe comorbidities, with 
higher levels in boosted compared with non-boosted groups. 
Further assessment of the efficacy of this vaccine is warranted 
in all age groups and individuals with comorbidities.

See Online for appendix
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Southampton Clinical Research Facility, University 
Hospital Southampton NHS Foundation Trust 
(Southampton). Data on the participants from the phase 3 
component will be published elsewhere.

We recruited participants in an age-escalation manner. 
We recruited adults aged 18–55 years, then adults aged 
56–69 years, and then adults aged 70 years and older, 
without severe or uncontrolled medical comorbidities, as 
defined in the clinical study plan (appendix pp 48–54), 
through local advertisements. Participants aged 65 years 
and older with a Dalhousie Clinical Frailty Score of 4 or 
higher were excluded.19

Participants were enrolled into one of ten different 
groups. Recruitment was sequential with low-dose groups 
recruited first and standard-dose cohorts recruited after 
a protocol amendment was approved on June 5, 2020, 
that incorporated the new higher dose level. For the 
first stage of recruitment, participants aged 18–55 years 
were recruited to the low-dose group. Subsequently we 
recruited participants aged 56–69 years, and further 
extension to recruit those aged 70 years and older only 
occurred after safety review by the independent Data 
Safety Monitoring Board (DSMB). A minimum of 
2 weeks of safety and immunogenicity data were reviewed 
by the DSMB before recruitment to each successive age 
cohort. The 18–55 years groups received two doses of 
vaccine and were randomly assigned to receive either 
the experimental vaccine or the control vaccine. The 
56–69 years and 70 years and older groups were randomly 
assigned to receive either one dose or two doses of vac-
cine and were then randomly assigned to receive the 
experimental vaccine or the control vaccine. The same 
process was repeated with recruitment and randomisation 
for the standard-dose cohorts after review by the DSMB. 
All participants underwent a screening visit in which a 
full medical history, targeted examination, blood test for 
SARS-CoV-2 exposure, and a urinary pregnancy test in 
women of childbearing potential were done. Volunteers 
who were seropositive to SARS-CoV-2 before enrolment 
were excluded from participating in all groups, apart 
from those in the 18–55 years standard-dose cohort. 
Additionally, all participants included in this phase 2 
component of the study, apart from those in the 
18–55 years low-dose group, had additional safety tests 
(blood tests for HIV, hepatitis B and C serology, full blood 
count, and kidney and liver function tests). Full details of 
eligibility criteria are in the trial protocol (appendix 
pp 135–38).

Written informed consent was obtained from all 
participants, and the trial is being done in accordance 
with the principles of the Declaration of Helsinki 
and Good Clinical Practice. The study was sponsored by 
the University of Oxford (Oxford, UK) and approved 
in the UK by the Medicines and Healthcare pro ducts 
Regulatory Agency (reference 21584/0428/001-0001) and 
the South-Central Berkshire Research Ethics Com mittee 
(reference 20/SC/0179). Vaccine use was authorised by 

Genetically Modified Organisms Safety Committees at 
each participating site. An independent DSMB reviewed 
all interim safety reports. A copy of the protocol is 
included in the appendix (pp 83–212).

Randomisation and masking
Participants were randomly assigned to receive either the 
ChAdOx1 nCoV-19 vaccine or the quadrivalent MenACWY 
protein-polysaccharide conjugate vaccine. MenACWY was 
used as a comparator vaccine rather than a saline placebo 
to maintain masking of participants who had local or 
systemic reactions. Participants aged 18–55 years were 
randomly assigned (1:1) in the low-dose cohort and (5:1) 
in the standard-dose cohort to receive either ChAdOx1 
nCoV-19 or MenACWY. For both 18–55 years cohorts, 
participants were given two doses of study vaccine. Par-
ticipants aged 56–69 years were randomly assigned 
(3:1:3:1) to one dose of ChAdOx1 nCoV-19, one dose of 
MenACWY, two doses of ChAdOx1 nCoV-19, or two doses 
of MenACWY. Participants aged 70 years or older were 
randomly assigned (5:1:5:1) to one dose of ChAdOx1 
nCoV-19, one dose of MenACWY, two doses of ChAdOx1 
nCoV-19, or two doses of MenACWY.

Randomisation lists, using block randomisation strati-
fied by age and dose group and study site, were generated 
by the study statistician (MV). Block sizes were chosen 
to align with the age group and dose group sizes. 
Computer randomisation was done with full allocation 
concealment within the secure web platform used 
for the study electronic case report form (REDCap 
version 9.5.22). The trial staff administering the vaccine 
prepared vaccines out of sight of the participants and 
syringes were covered with an opaque material until 
ready for administration to ensure masking of 
participants. Participants, clinical investigators, and the 
laboratory team remained masked to group allocation 
for the duration of the study. However, trial staff 
administering the vaccine were unmasked.

Procedures
In the previous phase 1/2 study,18 a single standard 
dose of 5 × 10¹⁰ virus particles of ChAdOx1 nCoV-19 was 
used, based on previous experience with a ChAdOx1 
Middle East respiratory syndrome (MERS) construct. In 
this study, we assessed a lower dose of 2·2 × 10¹⁰ virus 
particles and a standard dose of 3·5–6·5 × 10¹⁰ virus 
particles in adults of different age cohorts. Due to the 
need to rapidly produce large numbers of doses of 
vaccine manufactured using Good Manufacturing 
Practice to allow timely enrolment into the phase 2/3 
clinical trial, two different batches of vaccine were used 
in this study: one manufactured and vialed by Advent 
(Pomezia, Italy), and one manufac tured by COBRA 
Biologics (Keele, UK) and vialed by Symbiosis (Sterling, 
UK). Both were manufactured according to Good 
Manufacturing Practice and approved by the regu latory 
agency in the UK, the Medicines and Healthcare 
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products Regulatory Agency. The 18–55 years standard-
dose cohort received vaccine manufactured by COBRA 
Biologics for both first (ie, prime) and second (ie, boost) 
doses and all other cohorts received prime and boost 
doses, as randomised, manu factured by Advent. 
Analytical assessment of the batches indicates that the 
batches are comparable. Formal batch-to-batch com-
parison studies are ongoing and results will be reported 
when available.

ChAdOx1 nCoV-19 was administered as a single-dose 
or two-dose regimen (28 days apart) at either the low 
dose (2·2 × 10¹⁰ virus particles) or the standard dose 
(3·5–6·5 × 10¹⁰ virus par ticles). It was administered as a 
single intramuscular injection into the deltoid, according 
to specific study standard operating procedures. The 
MenACWY vaccine was provided by the UK Department 
of Health and Social Care and administered as per 
summary of product characteristics at the standard 
dose.20 Depending on the batch used for vaccination, the 
injection volume for the low dose of ChAdOx1 nCoV-19 
was either 0·22 mL or 0·5 mL. The injection volume 
used for the standard dose of ChAdOx1 nCoV-19 and 
MenACWY was 0·5 mL.

Safety data from animal studies and our previous 
phase 1/2 clinical trial18 of ChAdOx1 nCoV-19 were 
reviewed before recruitment of participants. Volunteers 
were considered enrolled into the trial at the point of 
vaccination. Participants were observed in the clinic for a 
minimum of 15 min after the vaccination procedure in 
case of any immediate adverse events.

Participants from each group were instructed to 
complete a diary card to record solicited local and 
systemic adverse reactions for 7 days after each dose. 
Protocol-defined solicited local adverse events included 
injection-site pain, tenderness, warmth, red ness, swell-
ing, induration, and itch, and solicited systemic adverse 
events included malaise, muscle ache, joint pain, fatigue, 
nausea, headache, chills, feverishness (ie, a self-reported 
feeling of having a fever), and objective fever (defined as 
an oral temperature of 38°C or higher). All participants 
were given an emergency 24-h telephone number to 
contact the on-call study physician as required. Serious 
adverse events will be recorded throughout the follow-up 
period of 1 year after the last dose of vaccine.

Severity of adverse events was graded with the following 
criteria: mild (transient or mild discomfort for <48 h, no 
interference with activity, and no medical intervention or 
therapy required), moderate (mild-to-moderate limitation 
in activity, and no or minimal medical intervention 
or therapy required), severe (substantial limitation in 
activity and medical intervention or therapy required), 
or potentially life-threatening (requires assessment in 
emergency department or admission to hospital). All 
participants in the 56–69 years and 70 years and older 
groups and participants in the 18–55 years standard-dose 
group had clinical and immunogenicity assessments 
at 0, 7, 14, and 28 days after their prime and booster 

vaccinations. Participants in the 18–55 years low-dose 
group had clinical and immunogenicity assess ments 
at baseline, immediately before the boost dose, and 
at 14 and 28 days after their booster vaccination.

Humoral responses at baseline and after vaccination 
were assessed using Meso Scale Discovery multiplexed 
immu noassay against spike and receptor binding domain 
[RBD], a stan dardised total IgG ELISA against trimeric 
SARS-CoV-2 spike protein, and a live SARS-CoV-2 
microneutralisation assay MNA80, which was done at 
Public Health England (Porton Down, UK), as described 
previously.18 Cellular responses were assessed using an 
ex-vivo IFN-γ enzyme-linked immunospot (ELISpot) 
assay to enumerate antigen-specific T cells.18 Neutralising 
antibodies to the ChAdOx1 vector were measured using a 
secreted embry onic alkaline phosphatase (SEAP)-reporter 
assay, which measures the reciprocal of the serum 
dilution required to reduce in-vitro expression of vector-
expressed SEAP by 50%, 24 h after transduction.21 Due 
to the labour-intensive nature of neutralisation assays, 
we prioritised analysis of samples from the ChAdOx1 
nCoV-19 groups, randomly selecting more samples from 
ChAdOx1 nCoV-19 partici pants than control samples to 
be sent for blinded analysis.

Outcomes
The coprimary outcomes of the trial are to assess efficacy 
as mea sured by the number of cases of symptomatic, 
virologically confirmed COVID-19 and safety of the 
vaccine as measured by the occurrence of serious adverse 
events. Secondary outcomes include safety, reactogenicity, 
and immunogenicity profiles of ChAdOx1 nCoV-19 in 
older adults (aged 56–69 years and ≥70 years), efficacy 
against severe and non-severe COVID-19, death, and 
seroconversion against non-spike proteins. A full list of 
secondary and tertiary outcomes is in the protocol 
(pp 118–24).

Here we report preliminary results for selected 
secondary endpoints, comparing local and systemic 
reactogenicity and cellular and humoral immunogenicity 
of ChAdOx1 nCoV-19 between different age groups, after 
one or two doses and at low or standard dose. Efficacy 
analyses are not included in this report.

Statistical analysis
We present safety endpoints as frequencies (%) with 
95% binomial exact CIs. We present immunological 
endpoints as medians and IQR. Analyses were by group 
allocation in participants who received the vaccine.

We did comparisons across the three age groups (aged 
18–55 years, aged 56–69 years, and aged ≥70 years) 
using Kruskal-Wallis tests within each dose level of 
the vaccine (low dose or standard dose) for antibody 
responses or unadjusted analysis of variance applied 
to log-transformed values for neutralisation titres. We 
did com parisons between low-dose and standard-dose 
groups using Wilcoxon rank sum tests (antibody 
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response) or independent samples Student’s t test 
applied to log-transformed values for neutralisation 
titres. We present unadjusted p values for a small 
number of statistical comparisons to avoid issues of 
multiplicity. To assess the association between responses 
on different assays, we used unadjusted linear regres-
sion to analyse log-transformed values after baseline.

Sample sizes were nominal for these immunogenicity 
subgroups and no power calculations were done.

We did all statistical analyses using SAS version 9.4 
and R version 3.6.1 or later. This study is registered 
with ClinicalTrials.gov, NCT04400838, and with ISRCTN, 
15281137.

Role of the funding source
AstraZeneca reviewed the data from the study and the 
final manuscript before submission, but the authors 
retained editorial control. All other funders of the study 
had no role in the study design, data collection, data 
analysis, data interpretation, or writing of the report. All 
authors had full access to all the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results
Between May 30 and Aug 8, 2020, 560 participants were 
enrolled in the study and randomly assigned to the 
experimental vaccine or control vaccine group: 160 par-
ticipants aged 18–55 years (100 assigned to ChAdOx1 
nCoV-19, 60 assigned to MenACWY), 160 aged 56–69 years 
(120 assigned to ChAdOx1 nCoV-19, 40 assigned 
to MenACWY), and 240 aged 70 years and older 
(200 assigned to ChAdOx1 nCoV-19, 40 assigned to 
MenACWY). Full details on randomisation are in figure 1. 
All participants randomly assigned to treatment were 
vaccinated. One participant (in the 18–55 years low-dose 
group) received the incorrect vaccine after randomisation 
and was excluded from analysis. Seven participants 
randomly assigned to receive two doses of vaccine chose 
not to continue with the boost dose and were excluded 
from further analyses. Three participants were excluded 
from immunology analyses due to incorrectly labelled 
samples (either incorrect participant identification num-
bers or incorrect time points noted on the label, or both; 
figure 1). The baseline characteristics of the participants 
eligible for inclusion in the analysis in each group are 
shown in the table. Participants 70 years and older 
were recruited from the NIHR Southampton Clinical 
Research Facility, University Hospital Southampton NHS 
Foundation Trust. All other participants were recruited at 
the Oxford Vaccine Centre, Centre for Clinical Vaccinology 
and Tropical Medicine, University of Oxford. Among the 
analysed population, 280 (50%) of 552 participants were 
female. 524 (95%) of 552 participants identified as white, 
and 540 (98%) were non-smokers. A large proportion of 
health-care workers who were predominantly female were 
enrolled in the 18–55 years and 56–69 years age groups. 

The median age in the 18–55 years group was 43·0 years 
(IQR 33·6–48·0), in the 56–69 years group was 60·0 years 
(57·5–63·0) and in the 70 years and older group was 
73·0 years (71·0–76·0). The median age in the 70 years and 
older groups ranged from 73 years to 74 years across 
dosing groups, with the oldest participants aged 83 years.

The following results for local and systemic adverse 
reactions are all for participants who were randomly 
assigned to receive two doses of vaccine. Injection-site 
pain and tenderness were the most common solicited 
local adverse reactions and occurred most frequently 
in the first 48 h after vaccination (data for standard-
dose regimen shown in figure 2; data for the low-dose 
groups and control groups are shown in the appendix 
[pp 7, 9, 19–21]). In those aged 56 years or older, a 
standard dose of ChAdOx1 nCoV-19, whether the prime 
or boost vaccination, elicited a greater number of local or 
systemic reactions than did MenACWY. The difference 
was less clear with the low-dose vaccine in the 56–69 years 
and 70 years and older groups, and the number of 
participants in the control groups was small (appendix 
p 30). At least one local symptom was reported after the 
prime vaccination with standard-dose ChAdOx1 nCoV-19 
by 43 (88%) of 49 participants in the 18–55 years group, 
22 (73%) of 30 in the 56–69 years group, and 30 (61%) of 
49 in the 70 years and older group (appendix p 29). 
Similar proportions of local symptoms were reported 
after the boost vaccination with the standard dose of 
ChAdOx1 nCoV-19, with 37 (76%) of 49 participants in the 
18–55 years group, 21 (72%) of 29 in the 56–69 years 
group, and 27 (55%) of 49 in the 70 years and older group 
reporting at least one local symptom. A similar pattern 
was seen across the age groups in participants after their 
prime vaccination with low-dose ChAdOx1 nCoV-19 and 
after the boost vaccination with the low-dose vaccine, but 
with fewer total adverse reactions than in the standard-
dose groups (appendix pp 7, 9, 19–21). No severe local 
symptoms were reported by recipients of ChAdOx1 
nCoV-19. In the two-dose control groups, across both the 
low-dose and standard-dose cohorts, local symptoms 
were reported by 33 (57%) of 58 participants in the 
18–55 years group, five (25%) of 20 in the 56–69 years 
group, and seven (35%) of 20 in the 70 years and older 
group after the prime vaccination with MenACWY, and 
by 50 (86%) of 58 in the 18–55 years group, seven (37%) 
of 19 in the 56–69 years group, and four (20%) of 20 in 
the 70 years and older group after the boost vaccination 
with MenACWY (appendix p 29). Data for participants 
randomly assigned to receive only one dose of vaccine 
were similar to the data after a prime dose of vaccine in 
the two-dose groups (data not shown).

Fatigue, headache, feverishness, and myalgia were the 
most commonly solicited systemic adverse reactions 
(data for the standard-dose groups are shown in figure 3; 
data for the low-dose groups and control groups are 
shown in the appendix [pp 8, 10, 19–21]). At least 
one systemic symptom was reported after the prime 
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vaccination with the standard dose of ChAdOx1 nCoV-19 
by 42 (86%) of 49 participants in the 18–55 years group, 
23 (77%) of 30 in the 56–69 years group, and 32 (65%) of 
49 in the 70 years and older group (appendix p 29). The 
severity of symptoms reported in the standard-dose 

groups was reduced after the boost vaccination, with only 
one (1%) of 127 participants reporting a severe reaction 
compared with seven (5%) of 128 participants after the 
prime vacci nation. At least one systemic adverse reaction 
after the boost vaccination of standard dose of ChAdOx1 
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Figure 1: Study profile for the low-dose (A) and standard-dose (B) cohorts
*One participant excluded from immunogenicity analyses, due to mislabelling of laboratory sample. †Reasons for not receiving boost dose included that the participant moved away or was unavailable 
for visits, delay in receiving boost dose, or withdrawal of consent.
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Age 18–55 years Age 56–69 years Age ≥70 years

ChAdOx1 
nCoV-19, 
two doses

MenACWY, 
two doses

ChAdOx1 
nCoV-19, 
one dose

MenACWY, 
one dose

ChAdOx1 
nCoV-19, 
two doses

MenACWY, 
two doses

ChAdOx1 
nCoV-19, 
one dose

MenACWY, 
one dose

ChAdOx1 
nCoV-19, 
two doses

MenACWY, 
two doses

Low dose

Number enrolled 50 49 30 10 30 10 50 10 46 10

Sex

Female 35 (70%) 28 (57%) 19 (63%) 4 (40%) 10 (33%) 8 (80%) 24 (48%) 6 (60%) 16 (35%) 6 (60%)

Male 15 (30%) 21 (43%) 11 (37%) 6 (60%) 20 (67%) 2 (20%) 26 (52%) 4 (40%) 30 (65%) 4 (40%)

Age, years, median 
(IQR, range)

44·5 
(39·0–51·0, 
22·0–54·0)

42·0 
(32·0–48·0, 
23·0–55·0)

60·0 
(58·9–62·3, 
56·0–69·0)

57·8 
(56·3–60·8, 
56·0–68·0)

60·4 
(57·8–66·0, 
56·0–69·4)

60·5 
(58·3–63·9, 
56·7–69·0)

73·5 
(71·0–76·0, 
69·0–83·0)

73·0 
(70·0–74·0, 
70·0–81·0)

73·0 
(71·0–75·0, 
70·0–82·0)

73·0 
(71·2–74·0, 
70·0–76·0)

BMI, kg/m², median 
(IQR, range)

24·6 
(22·9–28·9, 
19·4–45·1)

24·8 
(21·6–27·7, 
18·0–37·2)

25·0 
(23·2–27·3, 
20·2–37·6)

25·5 
(22·5–27·3, 
20·9–34·4)

25·9 
(24·0–28·8, 
21·3–36·6)

24·0 
(23·2–26·0, 
22·2–33·2)

26·0 
(23·8–28·0, 
20·0–36·0)

24·9 
(22·3–26·9, 
19·3–32·5)

26·0 
(23·4–27·7, 
19·4–42·1)

26·8 
(24·3–29·5, 
19·2–35·3)

Smoker 3 (6%) 1 (2%) 0 1 (10%) 2 (7%) 0 1 (2%) 0 1 (2%) 0

Alcohol drinker 44 (88%) 42 (86%) 28 (93%) 9 (90%) 26 (87%) 8 (80%) 43 (86%) 10 (100%) 43 (94%) 9 (90%)

Health-care worker 35 (70%) 26 (53%) 17 (57%) 7 (70%) 12 (40%) 4 (40%) 0 0 0 1 (10%)

Race or ethnicity

White 48 (96%) 45 (92%) 30 (100%) 9 (90%) 27 (90%) 10 (100%) 50 (100%) 10 (100%) 45 (98%) 10 (100%)

Black or Black British 0 0 0 0 0 0 0 0 0 0

Asian or Asian British 2 (4%) 1 (2%) 0 0 2 (7%) 0 0 0 0 0

Mixed race or ethnicity 0 3 (6%) 0 0 0 0 0 0 1 (2%) 0

Other race or ethnicity* 0 0 0 1 (10%) 1 (3%) 0 0 0 0 0

Comorbidities

Cardiovascular disease 4 (8%) 10 (20%) 5 (17%) 0 11 (37%) 0 14 (28%) 3 (30%) 16 (35%) 2 (20%)

Respiratory disease 12 (24%) 9 (18%) 7 (23%) 0 7 (23%) 0 6 (12%) 2 (20%) 6 (13%) 1 (10%)

Diabetes 0 0 0 0 0 1 (10%) 1 (2%) 0 2 (4%) 0

Standard dose

Number enrolled 49 9 30 10 30 10 50 10 49 10

Sex

Female 23 (47%) 7 (78%) 16 (53%) 3 (30%) 16 (53%) 5 (50%) 25 (50%) 1 (10%) 21 (43%) 2 (20%)

Male 26 (53%) 2 (22%) 14 (47%) 7 (70%) 14 (47%) 5 (50%) 25 (50%) 9 (90%) 28 (57%) 8 (80%)

Age, years, median 
(IQR, range)

39·0 
(30·0–45·0, 
19·0–55·0)

43·0 
(35·8–50·0, 
32·0–54·0)

59·0 
(58·0–61·0, 
56·0–69·0)

61·5 
(57·5–63·8, 
57·0–66·0)

59·5 
(57·0–61·0, 
56·0–67·0)

60·5 
(57·9–61·0, 
56·0–64·0)

74·0 
(72·0–76·0, 
70·0–80·0)

74·0 
(71·0–75·5, 
70·0–78·0)

73·0 
(71·0–75·0, 
70·0–83·0)

73·5 
(72·2–74·8, 
71·0–81·0)

BMI, kg/m², median 
(IQR, range)

26·9 
(24·6–30·9, 
20·2–39·7)

24·1 
(23·8–25·6, 
18·6–39·0)

26·7 
(25·2–30·0, 
18·6–36·8)

28·9 
(25·6–30·2, 
21·7–31·9)

24·0 
(22·4–27·1, 
19·9–33·5)

26·1 
(23·6–27·7, 
20·5–30·2)

25·1 
(23·7–28·5, 
17·5–32·6)

26·8 
(25·8–28·5, 
23·0–31·7)

27·1 
(24·2–29·2, 
20·3–40·2)

25·6 
(24·1–29·3, 
18·9–32·5)

Smoker 1 (2%) 0 0 0 0 1 (10%) 1 (2%) 0 0 0

Alcohol drinker 45 (92%) 6 (67%) 29 (97%) 10 (100%) 29 (97%) 10 (100%) 39 (78%) 9 (90%) 42 (86%) 9 (90·0%)

Health-care worker 13 (27%) 5 (56%) 10 (33%) 2 (20%) 12 (40%) 5 (50%) 2 (4%) 0 0 0

Race or ethnicity

White 40 (82%) 7 (78%) 29 (97%) 10 (100%) 26 (87%) 9 (90%) 50 (100%) 10 (100%) 49 (100%) 10 (100%)

Black or Black British 1 (2%) 0 0 0 0 0 0 0 0 0

Asian or Asian British 7 (14%) 2 (22%) 0 0 4 (13%) 1 (10%) 0 0 0 0

Mixed race or ethnicity 0 0 0 0 0 0 0 0 0 0

Other race or ethnicity* 1 (2%) 0 1 (3%) 0 0 0 0 0 0 0

Comorbidities

Cardiovascular disease 6 (12%) 0 4 (13%) 3 (30%) 4 (13%) 1 (10%) 20 (40%) 3 (30%) 13 (27%) 4 (40%)

Respiratory disease 10 (20%) 1 (11%) 4 (13%) 1 (10%) 3 (10%) 3 (30%) 3 (6%) 0 4 (8%) 0

Diabetes 2 (4%) 0 2 (7%) 2 (20%) 0 0 0 1 (10%) 3 (6%) 1 (10%)

Data are n (%) unless otherwise specified. BMI=body-mass index. *Included Hispanic-Columbian, Indian, Japanese, and White Irish/English.

Table: Baseline characteristics of prime-boost participants included in the analysis



Articles

www.thelancet.com   Published online November 19, 2020   https://doi.org/10.1016/S0140-6736(20)32466-1 9

nCoV-19 was reported by 32 (65%) of 49 participants in 
the 18–55 years group, 21 (72%) of 29 in the 56–69 years 
group, and 21 (43%) of 49 in the 70 years and older group 

(appendix p 29). Within 7 days after the prime vaccination 
with ChAdOx1 nCoV-19, the incidence of objectively 
measured fever was low in the 18–55 years standard-dose 

Figure 2: Solicited local adverse reactions in the 7 days after prime and boost doses of standard-dose vaccine, by age
Day 0 is the day of vaccination. Participants shown are those randomly assigned to receive two doses, and data are only shown for participants who received both 
doses of vaccine. 
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group (12 [24%] of 49), and no fevers were recorded in 
either the 56–69 years or 70 years and older standard-
dose groups (appendix pp 16–18). No participants of any 

age who received the standard dose of ChAdOx1 nCoV-19 
had objective fever after the boost vaccination. A similar 
pattern of decreasing reactogenicity with increasing age 

Figure 3: Solicited systemic adverse reactions in the 7 days after prime and boost doses of standard-dose vaccine, by age
Day 0 is the day of vaccination. Feverish is self-reported feeling of feverishness, whereas fever is an objective fever measurement (mild: 38·0 to <38·5°C, moderate: 38·5 to <39·0°C, severe: ≥39·0°C). 
Participants shown are those randomly assigned to receive two doses, and data are only shown for participants who received both doses of vaccine.
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was seen in the low-dose groups (appendix pp 7, 8, 19–21). 
Similar results after the first dose were seen in those 
who were randomly assigned to receive only one dose 
of vaccine (data not shown). Data for the control groups 
are in the appendix (p 10).

As of Oct 26, 2020, 13 serious adverse events have 
occurred (across all age and vaccine groups), none of 
which are considered related to either study vaccine as 
assessed by the investigators (appendix p 31).

Using a multiplex immunoassay that detected total 
IgG against RBD and trimeric spike protein, we 
observed that participants who received the prime 
vaccination of standard-dose ChAdOx1 nCoV-19 had 
similar anti-spike antibody titres by day 28 after their 
prime vaccination as those who received a low dose 
(p=0·12 adjusted for age; figure 4; appendix p 12). At 
both dose levels, and for all dose groups combined, 
anti-spike IgG responses at day 28 decreased with 
increasing age (low-dose groups: 18–55 years, median 
6439 arbi trary units [AU]/mL [IQR 4338–10 640], n=49; 
56–69 years, 4553 AU/mL [2657–12 462], n=60; ≥70 years, 
3565 AU/mL [1507–6345], n=93; p=0·0037; standard-
dose groups: 18–55 years, median 9807 AU/mL 
[IQR 5847–17 220], n=43; 56–69 years, 5496 AU/mL 
[2548–12 061], n=55; ≥70 years, 4156 [2122–12 595], n=97; 
p=0·0044). By 28 days after the boost vaccination, 
similar antibody titres were seen across all two-dose 
groups, regardless of age or vaccine dose (eg, stan dard-
dose groups: 18–55 years, median 20 713 AU/mL 
[IQR 13 898–33 550], n=39; 56–69 years, 16 170 AU/mL 
[10 233–40 353], n=26; and ≥70 years, 17 561 AU/mL 
[9705–37 796], n=47; p=0·68), and were higher than 
for those who did not receive a boost vaccination 
(appendix p 13). Similar results were seen with anti-
RBD antibodies (figure 4; appendix p 12) and with 
an in-house standardised ELISA (appendix pp 12–13). 
Data for the control group are in the appendix 
(pp 12–13).

In a live SARS-CoV-2 microneutralisation assay 
(MNA80), median titres peaked by day 42 in most groups 
that received two vaccinations (figure 5). There were no 
significant differences in normalised titres between age 
groups at day 42 (low-dose groups: 18–55 years, median 
161 [IQR 99–233], n=41; 56–69 years, 143 [79–220], n=28; 
≥70 years, 150 [103–255], n=34; p=0·90; standard-dose 
groups: 18–55 years, median 193 [IQR 113–238], n=39; 
56–69 years, 144 [119–347], n=20; and ≥70 years, 
161 [73–323], n=47; p=0·40). Within each age group, no 
significant differences were seen in neu tralisation titres 
between low-dose and standard-dose vaccine recipients 
at the same timepoint (18–55 years p=0·33, 56–69 years 
p=0·12, ≥70 years p=0·62; figure 5; appendix p 14). 
Neutralising titres were achieved by 14 days after the 
boost vaccination in 208 (>99%) of 209 recipients of a 
boost vaccination. The one participant with a non-
neutralising level was in the 70 years and older two-dose 
low-dose group.

Anti-spike IgG levels after vaccination across all 
timepoints in those who received two doses of vaccine 
were highly correlated with neutralising titres in all age 
groups and for both low-dose and standard-dose vaccines 
(r² from linear regression 0·42–0·75, all p<0·0001; 
appendix p 32).

IFN-γ ELISpot responses against SARS-CoV-2 spike 
protein peaked 14 days after the prime vaccination 
(standard-dose groups: 18–55 years, median 1187 spot-
forming cells [SFCs] per million peripheral blood 
mononuclear cells [PBMCs; IQR 841–2428], n=24; 
56–69 years, 797 SFCs [383–1817], n=29; and ≥70 years, 
977 SFCs [458–1914], n=48; appendix p 16) and did not 
increase significantly after the boost vaccination (p=0·46 
from paired Student’s t test of day 28 vs day 42; figure 6). 
ELISpot data were unavailable for the 18–55 years low-
dose group because PBMCs were not collected in this 
group. In those who received two standard doses of 
vaccine, a significant difference was seen across age 
groups with those aged 56–69 years having higher 
responses at day 42 than other age groups receiving the 

Figure 4: SARS-CoV-2 IgG response to the receptor binding domain in the standard-dose groups (A) and 
low-dose groups (C) and the spike protein in the standard-dose groups (B) and the low-dose groups (D), 
by age
Datapoints are medians, with whiskers showing the IQRs. Solid lines show participants who were randomly 
assigned to and received two doses of vaccine and dashed lines indicate participants who were randomly assigned 
to receive one dose. The vertical black line indicates when participants who received two doses received their boost 
dose. Data for the control groups are shown in the appendix (p 12). AU=arbitrary units. SARS-CoV-2=severe acute 
respiratory syndrome coronavirus 2.
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same vaccine regimen (18–55 years, median 413 SFCs 
per million PBMCs [IQR 245–675], n=23; 56–69 years, 
798 SFCs [462–1186], n=28; and ≥70 years, 307 SFCs 
[161–516], n=47; p<0·0001; appendix p 15).

Anti-ChAdOx1 neutralising antibody titres across 
different age and dose groups are shown in figure 7. 
Titres increased with the prime vaccination with 
ChAdOx1 nCoV-19 in all groups to similar levels, but 
were not increased further after a boost dose of vaccine 
at day 28. This observation was in contrast with the anti-
SARS-CoV-2 spike protein antibody levels, which were 
increased 28 days after the boost vaccination (figure 4). 
Anti-ChAdOx1 neutralising titres immediately before 
the boost vaccination were negatively correlated with 
standardised ELISA values 28 days after the boost 
vaccination (p=0·037; figure 7), but no significant 

correla tion was seen between anti-ChAdOx1 neutralising 
titres immediately before the boost vaccination and 
ELISpot responses 14 days after the boost vaccination 
(p=0·22; figure 7).

Discussion
Our findings show that the ChAdOx1 nCoV-19 vaccine was 
safe and well tolerated with a lower reactogenicity profile 
in older adults than in younger adults. Immu nogenicity 
was similar across age groups after a boost vaccination. 
If these responses correlate with protec tion in humans, 
these findings are encouraging because older individuals 
are at disproportionate risk of severe COVID-19 and so 
any vaccine adopted for use against SARS-CoV-2 must be 
effective in older adults.

Most of the reported local and systemic adverse events 
were mild to moderate in severity, in line with our 
previous phase 1 study of the ChAdOx1 nCoV-19 vaccine18 
and previously reported studies of ChAdOx1-vectored 
vaccines.22–24 Fewer adverse events were reported after the 
boost vaccination than after the prime vaccination and 
reactogenicity reduced with increasing age. The lower 
dose of vaccine was less reactogenic than the standard 
dose of vaccine across all age groups.

The serious adverse events observed during the trial in 
these study groups were judged to be unrelated to the 
study vaccines and occurred at frequencies expected for 
these conditions in the general population. None of the 
participants included in this report had any suspected 

Figure 5: Neutralising antibody titres measured using a live SARS-CoV-2 
microneutralisation assay (MNA80)  after prime and boost doses of vaccine 
in standard-dose groups (A) and low-dose groups (B), by age
Datapoints are medians, with whiskers showing the IQR. Solid lines show 
participants who were randomly assigned to and received two doses of vaccine 
and dashed lines indicate participants who were randomly assigned to receive 
one dose. Horizontal dotted lines show upper and lower limits of assay (values 
outside this range set to 640 beyond the upper limit and 5 beyond the lower 
limit). Data for the control groups are shown in the appendix (p 14). 
To normalise data across assay runs, a reference sample was included in all assay 
runs and test samples normalised to this value by generating log10 ratios. 
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Figure 6: IFN-γ ELISpot response to peptides spanning the SARS-CoV-2 spike 
insert after prime and boost doses of vaccine for all participants who were 
given two doses of vaccine, by age group and vaccine dose
ELISpot data were unavailable for the 18–55 years low-dose group because 
PBMCs were not collected in this group. Datapoints are medians, with whiskers 
showing the IQR. The lower limit of detection is 48 SFCs per million PBMCs 
(horizontal dotted line). Day 42 samples are from participants who received the 
boost dose at day 28 (vertical dotted line). Data for both one-dose and two-dose 
groups, with numbers analysed at each timepoint, are in the appendix (p 15). 
ELISpot=enzyme-linked immunospot. PBMC=peripheral blood mononuclear 
cells. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. SFC=spot-
forming cells.
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unexpected serious adverse reactions. In the phase 3 
component of the trial, suspected unexpected serious 
adverse reactions occurred in other groups, and will 
be reported in detail in a subsequent publication. 
We carefully moni tored suspected unexpected serious 
adverse reactions and other adverse events to ensure that 
no pattern of unexplained illnesses emerged that could 
indicate a safety concern. Independent assessments have 
led to the recommendation that the trial is safe to 
continue.

The ChAdOx1 nCoV-19 vaccine induced a specific 
antibody response to the SARS-CoV-2 spike glycoprotein 
and RBD at 28 days after a single dose across all age 
groups, including adults aged 70 years and older. A clear 
effect of a boost vaccination on antibody titres at day 56 
was seen that was unrelated to dose regimen or age 
group. Similar patterns were observed with neutralising 
antibody responses, with no difference in the magnitude 
of the response at day 28 after the prime vaccine 
regardless of age or vaccine dose, but a booster effect was 
observed in individuals who received a second dose of 
vaccine.

Other clinical trials have also assessed safety, tolerability, 
and immunogenicity of SARS-CoV-2 vaccines in older 
adults. An adenovirus 5 vector-based vaccine also had 
reduced reactogenicity in adults aged 55 years and older 
compared with adults aged 18–54 years after a single dose 
of vaccine, although immunogenicity was concurrently 
reduced in this older age group.11 A two-dose mRNA 
vaccine has also been shown to be immunogenic in 
adults older than 56 years with dose-dependent immune 
responses and similar neutralising antibody titres and 
cellular immune responses to younger adults.9 Another 
two-dose mRNA vaccine has shown immunogenicity in 
older adults, but absolute neutralising antibody responses 
in adults aged 65–85 years were lower than in those aged 
18–55 years.10 By contrast with our observations, in both 
these studies, reactogenicity was more common after the 
second dose of an mRNA vaccine. A two-dose inactivated 
virus vaccine has also shown lower absolute neutralising 
antibody titres in adults aged 60 years and older than in 
adults aged 18–59 years, but reactogenicity was not 
formally compared between the first and second doses in 
this study.13

T-cell responses are important in controlling disease in 
natural infection8 and therefore generation of a robust 
cellular immune response is a desirable attribute for a 
vaccine against SARS-CoV-2. Here, we found that spike-
specific T-cell responses measured with ELISpot peaked 
at 14 days after the prime vaccination, consistent with 
previous studies of simian adenovirus-vectored vaccines,25 
and were similar in all groups regardless of age and 
vaccine dose. Spike protein T-cell responses measured 
with ELISpot have also been reported in studies with 
other adenovirus-vectored vaccines against SARS-CoV-2,12 
including in adults older than 55 years.11 Theoretical 
concerns about vaccine-enhanced disease have led to a 

view that a type 1 T-helper (Th1)-biased CD4 response 
is a preferred coronavirus vaccine characteristic.26 An 
adjuvanted nanoparticle vaccine has been shown to 
induce spike-specific CD4 T-cell cytokine responses with 
a predominantly Th1 profile,15 as has an mRNA vaccine in 
small numbers of adults aged 56–70 years and 71 years 
and older.9 More detailed investigations of antigen-
specific T-cell responses in our study participants are 
ongoing.

The robust humoral and cellular immune responses 
obtained in our older adult population were encouraging 
given that a number of studies have shown that 
decreasing immune function with age leads to decreased 
immune responses to vaccines. This fact holds true for 
vaccines such as for influenza, for which pre-existing 

Figure 7: Anti-ChAdOx1 vector neutralising titres after prime and boost doses of vaccine, by age and vaccine 
dose, and the correlation between pre-boost dose anti-ChAdOx1 neutralising antibodies and 28 days after 
boost dose antibody and T-cell responses
(A) Anti-ChAdOx1 neutralising antibody titres in participants who received ChAdOx1 nCoV-19 vaccine by age and 
dose: datapoints are medians, with whiskers showing the IQR. Values below the limit of detection were assigned a 
value of 1. (B) Anti-ChAdOx1 neutralising antibody titre immediately before boost dose of vaccine versus 
standardised IgG ELISA against SARS-CoV-2 spike 28 days after the boost dose of vaccine with linear regression of 
logged values (p=0·037). (C) Anti-ChAdOx1 neutralising antibody titres immediately before boost dose of vaccine 
versus SARS-CoV-2 spike specific T cells measured by IFN-γ ELISpot on day 14 after the boost dose of vaccine with 
linear regression of logged values (p=0·22). In B and C, each datapoint is one participant and the solid line shows 
the linear regression, with the shaded area showing the 95% CI from an unadjusted linear regression of anti-vector 
neutralisation titres against logged ELISA (in B) or ELISpot (in C) response. Data were unavailable at day 56 for the 
56–69 years standard-dose group. ELISpot=enzyme-linked immunospot. PBMC=peripheral blood mononuclear 
cells. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. SFC=spot-forming cells.
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immune memory exists,27 and vaccines that induce 
primary immune responses, such as hepatitis B.28 
Other adenovirus-vector platforms against SARS-CoV-2 
have either shown reduced immunogenicity in an older 
age group11 (although this study was of a single-dose 
regimen and so not directly comparable with our prime-
boost regimen) or have not yet been tested in an older 
popula tion.12

However, our results are consistent with previous 
studies of adenovirus-vector-based vaccines against 
respiratory pathogens that evoke humoral and T-cell 
responses in older adults, including a human adenovirus-
vectored respiratory syncytial virus (RSV) vaccine29 and a 
simian adenovirus-vectored RSV vaccine.30 Our results 
with ChAdOx1 nCoV-19 are also consistent with those of a 
ChAdOx1-vectored vaccine against influenza that showed 
good immunogenicity in adults older than 50 years.22

Notably, the anti-spike antibody responses in our study 
increased after a boost vaccination at an interval of 
1 month but the neutralising anti-vector antibody 
responses did not. There was also no difference in anti-
vector immunity by age. We observed a small negative 
correlation between anti-vector antibody titres and anti-
spike total IgG, but not T-cell ELISpot responses. Further 
work is needed to investigate if homologous boosting 
with adenovirus-vectored vaccines can be done without 
loss of immunogenicity to the pathogen-specific 
transgene.

In the absence of a clear serological correlate of 
protection against SARS-CoV-2, clinical studies have 
focused on measuring neutralising antibodies because 
these have been shown to confer protec tion from 
challenge in animal models.9–15 Live virus neutralisation 
assays are labour intensive and can only be done in 
specialist laboratories under category 3 biological safety 
conditions. We found here that anti-spike IgG levels 
correlate with neutralising antibody titres for all age 
groups. This finding suggests that, should neutralising 
antibodies be shown to be protective in humans, routine 
serological assays could be used for the standardised 
evaluation of functional antibody by vaccine candidates 
in clinical trials.

A limitation of this study is its single-blind design. 
However, all laboratory analyses and clinical assessments 
reported in this manuscript were done in a blinded 
fashion. A further limitation is possible variation of 
severity of local reactions due to the difference in 
injection volumes between different batches of vaccine 
in the low-dose group. Ongoing studies in larger groups 
will investigate the reactogenicity of a booster dose in 
more detail. Finally, the selection of participants aged 
70 years and older, with a median age of 73–74 years 
between dose groups and with few comorbidities, might 
not be representative of the general older population, 
including those living in residential care settings or older 
than 80 years. Early phase studies in older adults require 
healthy volunteers to be enrolled for safety assessments, 

and recruitment to the study occurred during a period of 
national lockdown when more susceptible individuals 
were advised by Public Health England to self-isolate. 
Therefore, we excluded volunteers with substantial 
comorbidities or clinical frailty. Larger studies are now 
underway to assess immunogenicity, safety, and efficacy 
in older adults with a wider range of comorbidities.

Ultimately, licensure of a vaccine relies on the 
demonstration of efficacy in preventing COVID-19 and 
safety. Phase 3 studies with ChAdOx1 nCoV-19 are 
ongoing in the UK, Brazil, and the USA to assess vaccine 
efficacy and safety. Here we found similar safety and 
immu nogenicity of ChAdOx1 nCoV-19 in older adults 
compared with younger adults, which could support the 
use of this vaccine in this older age group, if it is shown 
to be protective in phase 3 trials.
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