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Research in Context
Evidence before this study

The ChAdOx1 nCoV-19 (AZD1222) vaccine was approved for emergency use authorisation by
the MHRA based on interim efficacy results from 131 cases of primary symptomatic COVID-19,
with efficacy based on two of the four trials of the vaccine. The planned rollout of the vaccine in
the UK involves the administration of two doses, 12 weeks apart, a policy that has received

substantial comment.
Added Value of this study

This report provides updated efficacy results after a further month of data collection, from 332
cases of primary symptomatic COVID-19. Efficacy estimates now include data from all four
studies of the vaccine from 3 countries, and a breakdown by the interval between the two doses

is provided. Furthermore, the efficacy of a single dose of vaccine is explored.
Implications of the available evidence

These analyses show that higher vaccine efficacy is obtained with a longer interval between the
first and second dose, and that a single dose of vaccine is highly efficacious in the first 90 days,

providing further support for current policy.
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Abstract
Background

The ChAdOx1 nCoV-19 (AZD1222) vaccine has been approved for emergency use by the UK
regulatory authority, MHRA, with a regimen of two standard doses given with an interval of
between 4 and 12 weeks. The planned rollout in the UK will involve vaccinating people in high

risk categories with their first dose immediately, and delivering the second dose 12 weeks later.

Here we provide both a further prespecified pooled analysis of trials of ChAdOx1 nCoV-19 and
exploratory analyses of the impact on immunogenicity and efficacy of extending the interval
between priming and booster doses. In addition, we show the immunogenicity and protection

afforded by the first dose, before a booster dose has been offered.
Methods

We present data from phase 11 efficacy trials of ChAdOx1 nCoV-19 in the United Kingdom and
Brazil, and phase I/II clinical trials in the UK and South Africa, against symptomatic disease
caused by SARS-CoV-2. The data cut-off date for these analyses was 7" December 2020. The
accumulated cases of COVID-19 disease at this cut-off date exceeds the number required for a
pre-specified final analysis, which is also presented. As previously described, individuals over 18
years of age were randomised 1:1 to receive two standard doses (SD) of ChAdOx1 nCoV-19
(5x1010 viral particles) or a control vaccine/saline placebo. In the UK trial efficacy cohort a
subset of participants received a lower dose (LD, 2.2x1019 viral particles) of the ChAdOx1
nCoV-19 for the first dose. All cases with a nucleic acid amplification test (NAAT) were

adjudicated for inclusion in the analysis, by a blinded independent endpoint review committee.

Studies are registered at ISRCTN89951424 and ClinicalTrials.gov; NCT04324606,
NCT04400838, and NCT04444674.

Findings

17,177 baseline seronegative trial participants were eligible for inclusion in the efficacy analysis,
8948 in the UK, 6753 in Brazil and 1476 in South Africa, with 619 documented NAAT +ve
infections of which 332 met the primary endpoint of symptomatic infection >14 days post dose

2.



The primary analysis of overall vaccine efficacy >14 days after the second dose including
LD/SD and SD/SD groups, based on the prespecified criteria was 66.7% (57.4%, 74.0%). There
were no hospitalisations in the ChAdOx1 nCoV-19 group after the initial 21 day exclusion

period, and 15 in the control group.

Vaccine efficacy after a single standard dose of vaccine from day 22 to day 90 post vaccination
was 76% (59%, 86%), and modelled analysis indicated that protection did not wane during this
initial 3 month period. Similarly, antibody levels were maintained during this period with

minimal waning by day 90 day (GMR 0.66, 95% CI 0.59, 0.74).

In the SD/SD group, after the second dose, efficacy was higher with a longer prime-boost
interval: VE 82.4% 95%CI 62.7%, 91.7% at 12+ weeks, compared with VE 54.9%, 95%CI
32.7%, 69.7% at <6 weeks. These observations are supported by immunogenicity data which
showed binding antibody responses more than 2-fold higher after an interval of 12 or more
weeks compared with and interval of less than 6 weeks GMR 2.19 (2.12, 2.26) in those who

were 18-55 years of age.
Interpretation

ChAdOx1 nCoV-19 vaccination programmes aimed at vaccinating a large proportion of the
population with a single dose, with a second dose given after a 3 month period is an effective
strategy for reducing disease, and may be the optimal for rollout of a pandemic vaccine when

supplies are limited in the short term.



Introduction

The widespread morbidity and mortality associated with the 2020 COVID-19 pandemic,
precipitated the most extensive and rapid global vaccine development programme in history!,
culminating in development of several vaccines reaching phase 3 efficacy milestones and
receiving emergency use authorisation by the end of that year.>* Widespread vaccination
programmes have commenced in several countries as new vaccines are licensed for emergency
use by regulators in each setting, with a focus primarily on high-risk groups such as the elderly,

those with co-morbidities or front line workers.

Vaccine supply is likely to be limited, at least initially, and so policy-makers must decide how
best to deliver available doses to achieve greatest public health benefit, and different approaches
have been taken in different settings. In the UK second doses of both available vaccines (a viral
vector and mRNA vaccine) are being delivered with an interval of up to 12 weeks>®, and this
regimen is also being considered by several other countries.”® By contrast, WHO has recently

recommended a maximum 6 week interval between the 2 doses of the same mRNA vaccine®.

The ChAdOx1 nCoV-19 vaccine (AZD1222) is a chimpanzee adenoviral vectored vaccine with
full length SAR-CoV-2 spike insert which was developed at the University of Oxford. The safety
and immunogenicity of the vaccine were assessed in four randomised controlled trials in the UK,
Brazil and South Africa, and results in healthy adults, and in older aged cohorts, have been
published!?-14, Efficacy of two doses of the vaccine was demonstrated at the interim analysis of
131 cases which pooled data from Brazil and the UK, to be 70.4% (95.8% CI 54.8-80.6%)
overall.'* ChAdOx1 nCoV-19 was authorised for emergency use in the United Kingdom on 30t
December 2020, based on data presented in an interim analysis with a data cut off date of 4
November 20204, in a regimen of two standard doses administered 4-12 weeks apart for adults

over 18 years of age, and has since been authorised for use in many other countries.

The University of Oxford sponsored studies were initially planned as single dose studies but
were amended to incorporate a second dose after review of the phase 1 immunogenicity data
which showed a substantial increase in neutralising antibody with a second dose of vaccine.!?
After initially providing consent to participate in a single dose study, some participants chose not

to receive the second dose, providing a self-selected cohort of single dose recipients.
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Additionally, due to the time required to manufacture the second dose, there were delays in
administration of the second dose for a large number of trial participants who received the two
dose schedule. These two situations, provide an opportunity to explore the immunogenicity and
efficacy of a single dose of vaccine, and the impact of an extended interval before delivery of the
second dose. In addition, data from an additional month of follow up is now available for
inclusion in the analysis, providing greater precision in estimates due to the larger number of

cases for analysis in comparison with the previous report.'

Methods

Data from three single-blind randomised controlled trials in the UK (COV001/COV002), Brazil
(COVO003), and one double-blind study in South Africa (COV005) are included in this
exploratory analysis as all four trials now meet the required criteria for inclusion of having at

least 5 primary outcome cases. The data cut-off date for cases to be included in the current report

was December 7, 2020.

A full description of the safety, immunogenicity and interim efficacy of the four studies has been
previously published in detail, including full study protocols.!?-1# Briefly, participants in efficacy
cohorts were randomised 1:1 to receive either ChAdOx1 nCoV-19 vaccine or a control product
(MenACWY in the UK, MenACWY prime and saline boost in Brazil, and saline only in South
Africa). One group of participants in the COV002 study in the UK received a low dose (LD) as
their first dose followed by a standard dose (SD) as discussed previously.!# Other participants
received two standard doses (SD/SD).

The primary outcome was symptomatic COVID-19 disease defined as a NAAT+ swab combined
with at least one qualifying symptom (fever > 37.8°C; cough; shortness of breath; anosmia

or ageusia). The primary analysis was of cases occurring more than 14 days after the second
dose, with a secondary analysis of cases occurring more than 21 days after the first dose. In all
studies, participants were asked to contact the study site if they had symptoms of COVID-19,
and were then invited to attend for clinical review and a swab. Additionally, in the UK,
asymptomatic infections were measured by means of weekly self-administered nose and throat
swabs using kits provided by the Department of Health and Social Care. All endpoints were

adjudicated for inclusion in the analysis by an independent blinded endpoint review committee.

11



The current report details additional exploratory analyses of single dose efficacy which have
been added at the request of regulators and policy-makers. These are considered as supportive
analyses to the previously published interim efficacy analysis, and were not pre-specified. In

addition, the impact of the timing of the second dose is explored in more detail.

For the primary analysis, which we present here updated with additional cases from an extra
month of follow up, randomised participants enrolled in efficacy cohorts were included in the
analysis according to the vaccine received. Events were included that occurred more than 14
days after the second dose, in participants who were seronegative to SARS-CoV-2 N protein at
baseline and had at least 14 days of follow up after the second dose and no previous evidence of

SARS-CoV-2 infection from NAAT swabs.

For the analysis of single dose efficacy, randomised participants enrolled in efficacy cohorts
were included in the analysis according to the vaccine they received as their first dose. Events
were included if they occurred more than 21 days after the first dose. Participants were excluded
if they had a NAAT+ swab in the first 21 days after the first dose, or had less than 22 days of
follow up. Participants who received a second dose were censored in the analysis at the time of
their booster dose. Participants who did not receive a second dose are censored in the analysis at

the data cut-off date.

Vaccine efficacy was calculated as 1 — the adjusted relative risk (ChAdOx1 nCoV-19 vs control
groups) computed using a robust Poisson regression model. The model contained terms for
study, treatment group, and age group at randomisation. The logarithm of the period at risk was
used as an offset variable in the model to adjust for volunteers having different follow up times

during which the events occurred.

To explore the impact of varying the timing of the second dose of vaccine, we fit separate
efficacy models, using unadjusted log-binomial models, for each 20 day interval starting with an
interval of 20 to 40 days (midpoint for plot: 30 days) and incrementing by one day for each
model. Participants who received their second dose within the window were included in that

model. Vaccine efficacy for each window was plotted with 95% confidence intervals.
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To explore the potential for waning of efficacy after the first dose, before a booster dose was
received, a similar approach was taken with separate efficacy models fitted to 28 day windows of

the time from vaccination. Cases occurring outside the windows were censored.

Potential differences in population baseline characteristics between those who received a second
dose of vaccine and those who did not are explored descriptively, with comparisons made
between groups using Chi-squared tests, Wilcoxon Rank Sum tests, or Cochran-Armitage tests as

appropriate.

The persistence of anti-spike IgG responses after a single dose were measured in the UK by
standardised ELISA. Decay of antibody over time was modelled for low dose and standard dose

recipients using a linear model.

Baseline serum samples were measured for nucleocapsid reactivity with the Roche Elecsys Anti-
SARS-CoV-2 serology test and a multiplexed immunoassay was used to measure the spike-
specific response to ChAdOx1 nCoV-19 vaccination and/or natural SARS-CoV-2 infection.
Antibody neutralisation was measured with a lentivirus-based pseudovirus particle expressing

the SARS CoV-2 spike protein as described!?

Data analysis was done using R version 3.6.1 or later. Robust Poisson models were fitted using

“proc genmod” function in SAS version 9.4.
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Results

There were 17177 participants included in the efficacy analysis (8597 ChAdOx1 nCoV-19 and
8580 control participants). 8948 from UK, 6753 from Brazil and 1476 from South Africa (Figure
S1).

There were 332 cases of primary symptomatic COVID-19 occurring more than 14 days after a
booster dose. In the SDSD cohort, 74 (0.8%) cases occurred in the ChAdOx1 nCoV-19 group
and 197 (1.9%) in the control group, with vaccine efficacy of 63.1% 95% CI (51.8%, 71.7%). 61
cases were available for analysis in the LDSD cohort with VE of 80.7% 95% CI (62.1%, 90.2%)),
and overall efficacy across both cohorts combined was 66.7% (57.4%, 74.0%).(Table 1)

From the day of vaccination there were 2 hospitalisations in the ChAdOx1 nCoV-19 and 22 in

the control group, 3 of whom were considered severe, see Table S1.

There were 130 cases of asymptomatic infection occurring more than 14 days after the booster
dose (COV002 UK cohort only). In the SDSD cohort there was no evidence of protection with
VE of 2.0%, 95%CI (-50.7%, 36.2%, 41 ChAdOx1 nCoV-19 versus 42 control cases). However,
in the LDSD cohort there were 47 cases and VE was higher at 49.3%, 95%CI (7.4%, 72.2%, 16
ChAdOx1 nCoV-19 versus 31 control cases). (Table 1)

Overall reduction in any PCR+ was 54.1% (44.7%, 61.9%), indicating the potential for a

reduction of transmission with a regimen of two SDs.

Protection against primary symptomatic COVID-19 with a single SD vaccine was modelled
against time since the first dose and showed no evidence of waning of protection in the first 3
months after vaccination (Figure 2A). A single standard dose of vaccine provided protection
against primary symptomatic COVID-19 in the first 90 days of 76%, (95%CI, 59%, 86%), but
did not provide protection against asymptomatic infection in the same period (VE 16%, 95% CI -

88%, 62%). (Table 2)

However, overall cases of any PCR+ were reduced by 67% (95%CI 49%, 78%) after a single SD

vaccine suggesting the potential for a substantial reduction in transmission.
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Participants included in the analysis of a single dose were further explored to identify differences
in baseline characteristics between those who received a booster dose (and are censored in the
analysis at that time point) and those who did not receive a booster dose (and have longer follow
up). Statistically significant differences between these groups were found for age, sex, health or
social care worker status, dose (LD/SD, SD/SD), country, ethnicity, and follow up time (all
p<0.001) (Table S1). Participants receiving a booster dose were older (median age 40 years
versus 36 years), with a higher proportion of males (44.2% versus 39.0%) and non-white (24.1%
versus 20.8%), and a lower proportion of health or social care workers (60.1% versus 65.7%)
when compared with the group of participants who did not receive a booster dose. A lower
proportion of UK COV002 participants receiving a low dose prime vaccination belonged to the
boosted group, compared with the non-boosted group (33.4% versus 40.9%). Follow up time
differed between the two groups, as expected due to the censoring of participants at the time of
booster dose (median time 41 days versus 111 days in boosted and non-boosted groups,

respectively).

Modelling of the change in vaccine efficacy against primary symptomatic COVID-19 (from 2
weeks after the second dose) showed that efficacy was high after a 2 month interval and
continued to increase with longer dose interval. (Figure 1). There was less variation in the time
between doses for the LD/SD cohort with most data accruing in those who had approximately 3
months between first and second doses, and efficacy remained high during this period (Figure
1C).Vaccine efficacy after 2 standard doses rose from 54.9% (32.7%, 69.7%) with an interval <
6 weeks, to 82.4% (62.7%, 91.7%) when spaced more than 12 weeks apart (Table 1).

Efficacy against asymptomatic infections in the UK showed a similar pattern with efficacy
estimates increasing with the interval between doses, however the number of cases available for
each analysis was limited within each dose interval bracket and confidence intervals were wide.

(Table 1, Figure S2)

Anti-SARS-CoV-2 spike I1gG responses to a single dose of vaccine measured by standardised
ELISA decayed log-linearly over a 6 month period. Geometric mean antibody decay estimated in
a linear model showed a decline from the peak at day 28, of 33% by day 90 (GMR 0.66, 95% CI
0.59, 0.74) and by 64% by day 180 (GMR 0.36, 95% CI1 0.27, 0.47) (Figure 2B).
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Participants aged 18 to 55 years who received the second vaccine more than 12 weeks after the
first had antibody titres 2-fold higher than those who received the second dose within 6 weeks of
their initial vaccination (GMR 2.05, 95%CI 1.99, 2.12), Figure 3, Table S4.

Similarly, neutralising antibody titres measured by pseudovirus were higher after a longer

interval before the second dose. Figure S3, Table S3.

Plotting SARS-CoV-2 spike IgG against vaccine efficacy for each dose interval showed a clear
relationship between binding antibody and vaccine protection, as well as between neutralisation

antibody and vaccine efficacy, suggesting potential correlates of protection (Figure 4).

Discussion

Here we report a prespecified full primary analysis of the efficacy of the ChAdOx1 nCoV-19
vaccine, including 332 symptomatic cases of COVID19 in an analysis population of 17,177
study participants, confirming the efficacy reported in our published interim analysis!# (131
cases reported in the interim analysis). In this updated analysis there were no additional
hospitalisations or severe cases in the ChAdOx1 nCoV-19 vaccinated group with no cases from
10 days after the first dose of the vaccine compared with a total of 22 in the control group. These
new analyses provide important verification of the interim data that underpinned the emergency
use authorisation of the vaccine in the UK by the MHRA on 30" December 2020'5 and many
other international regulators since the end of 2020 including India, Nepal, Bangladesh,

Argentina, Brazil, Mexico and many others.

The analysis presented here provides strong evidence for the efficacy of two standard doses of
the vaccine (SD/SD), which is the regimen approved by the MHRA and other regulators.
Following regulatory approval, a key question for policymakers to plan the optimal approach to
roll out, is the optimal dose interval, which is assessed in this report through post-hoc
exploratory analyses. Two criteria which contribute to decision-making in this area are the
impact of prime-boost interval on protection after the second dose; and the degree to which the
vaccinated individual is at risk of infection during the pre-boost period, either due to reduced

efficacy with a single dose, or rapid waning of efficacy prior to the second vaccination.
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Exploratory analyses are presented in this report that show protection with dosing intervals
between 4 weeks and >12 weeks and that a longer interval provides better protection post-boost,

without compromising protection in the three month period until the second dose is administered.

A single standard dose of ChAdOx1 nCoV-19 provided 76% protection overall against
symptomatic COVD-19 in the first 90 days after vaccination and with no evidence of significant
waning of protection during this period. It is not clear how long protection might last with a
single dose as follow up is currently limited to the time periods described here, and, for this

reason, a second dose of vaccine is recommended.

A second dose of ChAdOx1 nCoV-19 induces increased neutralising antibody levels!®!? and is
likely necessary for long lasting protection. However, where there is a limited supply of vaccine,
a policy of initially vaccinating a larger cohort with a single dose may provide better overall
population protection than vaccinating half the number of individuals with 2 doses in the short
term. With the evidence available at this time, it is anticipated that a second dose is still required
to potentiate long-lived immunity. Recent modelling of delayed boosting suggests that even in
the presence of substantial waning of first dose efficacy, programmes that delay a second dose in
order to vaccinate a larger proportion of the population, result in greater immediate overall

population protection .'6

In our study, vaccine efficacy was higher, after the second dose, in those with a longer prime-
boost interval, reaching 82.4% in those with a dosing interval of 12 weeks or more. Point
estimates of efficacy were lower with shorter dosing intervals, though it should be noted that
there is some uncertainty as confidence intervals overlap. Higher binding and neutralising
antibody titres were observed in sera at the longer prime-boost interval, suggesting that,
assuming there is a relationship between the humoral immune response and efficacy, these may
be true findings and not artefacts of the data. Greater protective efficacy associated with stronger
immune responses after a wider prime-boost interval have been seen with other vaccines such as
influenza, Ebola, malaria!”!. The findings presented here for the ChAdOx1 nCoV-19 vaccine
are consistent with current policy recommendations in different countries to use dose intervals

from 4-12 weeks for this vaccine.

In our interim analysis, we identified a higher efficacy in a subgroup analysis of those who

received the LD/SD regimen'4. This finding is confirmed in the current analysis, but with further
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data available, we show that the enhanced immunogenicity and efficacy with this regimen may
be partly driven by the longer dosing interval that was a feature of this group, further supporting
the observation of a relationship between dose interval and efficacy in the SD/SD group
discussed above and supported by emergency use authorisation. The SD/SD regimen is preferred
operationally as it is more straightforward to deliver a vaccine with one dosage, and because

there are more immunogenicity and efficacy data to support its use.

A further important question is whether vaccines can provide impact against transmission, and
therefore combined with physical distancing measures contribute to reductions in human to
human transmission of the virus. While transmission studies per se were not included in the
analysis, swabs were obtained from volunteers every week in the UK study, regardless of
symptoms, to allow assessment of the overall impact of the vaccine on risk of infection and thus
a surrogate for potential onward transmission. If there was no impact of a vaccine on
asymptomatic infection, it would be expected that an efficacious vaccine would simply convert
severe cases to mild cases and mild cases to asymptomatic, with overall PCR positivity
unchanged. A measure of overall PCR positivity is appropriate to assess whether there is a
reduction in the burden of infection. Analyses presented here show that a single standard dose of
the vaccine reduced PCR positivity by 67%, and that, after the second dose, the SD/SD schedule
reduced PCR positivity by 49.5% overall. These data indicate that ChAdOx1 nCoV-19, used in
the authorised schedules, may have a substantial impact on transmission by reducing the number

of infected individuals in the population.

No correlate of protection has yet been defined for COVID-19 vaccines, however the data
presented here on the relationship between antibody levels and efficacy suggest that humoral
immunity may play a role. In contrast, high protective efficacy recorded early after a single dose
of vaccine in this study, and also seen with other vaccines from different manufacturers?,
suggests other immunological mechanisms may be at play early after the first dose, as lower
levels of neutralising antibody are detected after a single dose. Further study of correlates of

protection is ongoing.

Limitations
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There are some limitations to the analyses presented in this report. The studies were not designed
to determine if vaccine efficacy differed by dose interval and the presence of data of varying
intervals arose due to the logistics of running large-scale clinical trials in a pandemic setting.
These are therefore post-hoc exploratory analyses only with potential for multiple sources of
bias, and were not pre-specified. However, the analyses are presented here to provide a rigorous
peer-reviewed interrogation of updated data that reflect the approach that is currently being used
to underpin the deployment of ChAdOx1 nCoV-19 in the response to the pandemic. The
previous interim analysis was carefully considered by regulators and policy-makers and is

aligned with the findings presented here.

In our data, there is currently limited length of follow-up after the second dose and follow-up
tends to be longer in those who were boosted early and thus have shorter prime-boost intervals.
Furthermore, the participants who contribute to the analysis of single dose efficacy are a mixture
of participants with events occurring prior to their boost dose, and participants who did not

receive a boost dose. These two cohorts differ in some key characteristics.

It is not clear what effect each of these individual sources of variation in the data have on vaccine
efficacy estimates. However, the same trend seen with efficacy is also seen in the immunological

data, suggesting an underlying biological mechanism.
Conclusion

Vaccination programmes aimed at vaccinating a large proportion of the population with a single
dose, with a second dose given after a 3 month period may be an effective strategy for reducing
disease, and may be the optimal for rollout of a pandemic vaccine when supplies are limited in

the short term.
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Tables and Figures

Table 1 Efficacy of ChAdOx1 nCoV-19 after two doses

ChAdOx1 Vaccine Efficacy
Cases > 14 days after second dose N cases nCoV-19 Control (95% CI)

Primary symptomatic COVID-19 332 84/8597 (1.0%) 248/8580 (2.9%) 66.7% (57.4%, 74.0%)
SD/SD 271 74/7201 (1.0%) 197/7178 (2.7%) 63.1% (51.8%, 71.7%)
LD/SD 61 10/1396 (0.7%) 51/1402 (3.6%) 80.7% (62.1%, 90.2%)¥

Asymptomatic/Unknown infection 130 57/4071 (1.4%) 73/4136 (1.8%) 22.2% (-9.9%, 45.0%)

(COV002 UK only)

SD/SD 83 41/2692 (1.5%) 42/2751 (1.5%) 2.0% (-50.7%, 36.2%)
LD/SD 47 16/1379 (1.2%) 31/1385 (2.2%) 49.3% (7.4%, 72.2%)¥t

Any PCR+ 507 161/8597 (1.9%) 346/8580 (4.0%) 54.1% (44.7%, 61.9%)
SD/SD 390 132/7201 (1.8%) 258/7178 (3.6%) 49.5% (37.7%, 59.0%)
LD/SD 117 29/1396 (2.1%) 88/1402 (6.3%) 67.6% (50.8%, 78.7%)¥

Symptomatic COVID-19 Cases > 14 N ChAdOx1 Control Vaccine Efficacy
days after second dose cases nCoV-19 (95% CI)

Time between first and second dose

SD/SD

< 6 weeks 111 35/3900 (0.9%) 76/3860 (2.0%) 54.9% (32.7%, 69.7%)

6-8 weeks 64 20/1103 (1.8%) 44/1004 (4.4%) 59.9% (32.1%, 76.4%)*

9-11 weeks 43 11/905 (1.2%) 32/957 (3.3%) 63.7% (28.0%, 81.7%)¥

>12 weeks 53 8/1293 (0.6%) 45/1356 (3.3%) 82.4% (62.7%, 91.7%)7

Time between first and second dose

SD/SD or LD/SD

< 6 weeks 111 35/3915 (0.9%) 76/3875 (2.0%) 54.9% (32.7%, 69.7%)

6-8 weeks 64 20/1115 (1.8%) 44/1018 (4.3%) 59.7% (31.7%, 76.2%)*

9-11 weeks 66 14/1529 (0.9%) 52/1593 (3.3%) 72.3% (50.0%, 84.6%)¥

>12 weeks 91 15/2038 (0.7%) 76/2093 (3.6%) 80.7% (66.5%, 88.9%)7

Asymptomatic COVID-19 Cases > 14 N ChAdOx1 Vaccine Efficacy

days after second dose cases nCoV-19 Control 95% CI
(COV002 only) (5% CI)

Time between first and second dose

SD/SD

< 6 weeks 17 9/728 (1.2%) 8/733 (1.1%) -11.4% (-189.2%, 57.1%)

6-8 weeks 21 14/528 (2.7%) 7/476 (1.5%) -80.4% (-348.1%, 27.4%)

9-11 weeks 17 6/599 (1.0%) 11/666 (1.7%) 39.9% (-62.3%, 77.8%)¥
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>12 weeks 28 12/837 (1.4%) 16/876 (1.8%) 22.8% (-63.3%, 63.5%)¥
Time between first and second dose

SD/SD or LD/SD

< 6 weeks 17 9/728 (1.2%) 8/733 (1.1%) -11.4% (-189.2%, 57.1%)
6-8 weeks 21 14/538 (2.6%) 7/488 (1.4%) -81.9% (-351.8%, 26.8%)
9-11 weeks 43 17/1223 (1.4%) 26/1302 (2.0%) 31.6% (-26.0%, 62.8%)¥
>12 weeks 49 17/1582 (1.1%) 32/1613 (2.0%) 47.2% (5.0%, 70.7%)¥

VE and 95% confidence intervals have been calculated via robust Poisson models, adjusting for study (COV001, COV002,
COV003, COV005) and age group (18-55 years, 56-69 years, >70 years). Models for asymptomatic/unknown infections do not

adjust for study.

¥ Calculated from an unadjusted robust Poisson model.

Table 2 Efficacy of ChAdOx1 nCoV-19 after a single dose

Symptomatic COYID-19 Cases > 21 N cases ChAdOx1 Control Vaccine Efficacy
days after a single SD dose nCoV-19 95% CI)

Time since first standard dose
22 to 30 days 37 7/ 9257 30/ 9237 77% (47%, 90%)
31 to 60 days 28 6/ 7147 22/ 7110 73% (33%, 89%)
61 to 90 days 23 4/ 2883 19/ 2974 78% (36%, 93%)
90 to 120 days 10 4/ 1368 6/ 1404 32% (-142%, 81%)
22 to 90 days 88 17 71 76% (59%, 86%)
Asymptomatic COVID-19 infections N ChAdOx1 Control Vaccine Efficacy

> 21 days after a single SD dose cases nCoV-19 95% CI)
Time since first dose
22 to 30 days 12 6/9257 6/9237 0.2% (-209%, 68%)
31 to 60 days 11 5/7147 6/7110 17% (-172%, 75%)
61 to 90 days 1 0/2883 1/2974
90 to 120 days 5 1/1368 4/1404
22 to 90 days 24 11 13 16% (-88%, 62%)
Any PCR+ 22 to 90 days 112 28 84 67% (49%, 78%)

VE and 95% confidence intervals have been calculated via robust Poisson models. Participants were censored in the analysis at

the upper limit of the time window.
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Figure 1 Vaccine efficacy against primary symptomatic COVID-19 by interval between first and second dose, A) after SD/SD or LD/SD

administration, B) after SD/SD, and C) after LDSD administration
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Each dot represents one estimate of vaccine efficacy in a subset of participants who received two doses of vaccine with a gap between first and second dose within a 20 day range.
The x axis shows the midpoint of the 20 day range for dosing. Dotted lines show 95% confidence intervals for each dot point estimate of VE. Bar charts below each plot show the
number of events included in each efficacy analysis.
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Figure 2 Vaccine efficacy over time for standard dose ChAdOx1 nCoV-19 (A), and
persistence of anti-SARS-CoV-2 spike IgG by standardised ELISA antibody (B), after a
single dose of either standard of low dose ChAdOx1 nCoV-19
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A). Each dot represents a 28 day range of follow up with the x axis showing the midpoint of the range. For each
estimate of VE (each dot), cases were included if they occurred within the 21 day range, or censored if not. Dotted
lines show 95% confidence intervals for each dot point estimate of VE. The bar chart shows the number of cases
included in each model. B). Solid line shows estimates from a linear model with shaded areas showing standard
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errors. Mean antibody decay estimated in the linear model showed a decline from the peak at day 28, of 33% by day
90 (GMR 0.66, 95% CI 0.59, 0.74) and by 64% by day 180 (GMR 0.36, 95% CI 0.27, 0.47).
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Figure 3 SARS-CoV-2 anti-spike IgG responses by multiplex immunoassay at 28 days after
the second dose in SD/SD and LD/SD recipients by interval between first and second dose
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*participants who were PCR+ prior to the blood sample taken at day 28 post boost were removed from the analyses
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Figure 4 Relationship between binding and neutralising antibody 28 days post second dose,
and vaccine efficacy against primary symptomatic COVID-19
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Supplementary tables and figures

Figure S1 CONSORT diagram
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Table S1 Hospitalisation for COVID-19 (safety population, any dose)

ChAdOxI Control
N cases nCoV-19
N=12408 N=12104
< 22 days after a single dose 9 2 7
>= 22 days after the first dose and < 15 6 0 6
days post booster dose
>= 15 days post booster dose 9 0 9
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Table S2 Factors related to receipt of a booster dose

Participants who Participants who P value*
received booster were not boosted
N% N%
Age, median [IQR] 40.0 (30.1 - 52.0) 36.3 (28.0 - 48.0) <0.001
18 — 55 years, n (%) 15841/19150 (82.7%) | 2377/2752 (86.4%)
56 — 69 years, n (%) 2218/19150 (11.6%) | 247/2752 (9.0%) <0.001
70+ years, n (%) 1091/19150 (5.7%) 128/2752 (4.7%)
Sex
Female, n (%) 10679/19150 (55.8%) | 1680/2752 (61.0%) 0.001
<0.
Male, n (%) 8471/19150 (44.2%) 1072/2752 (39.0%)
Health or social care worker, n (%) 11518/19150 (60.1%) | 1809/2752 (65.7%) | <0.001
Dose group (COV002 only)
SD, n (%) 5782/8676 (66.6%) 693/1173 (59.1%) 0.001
<0.
LD, n (%) 2894/8676 (33.4%) 480/1173 (40.9%)
Country (single SD cohort only)
UK (SD), n (%) 6566/16222 (40.5%) 838/2272 (36.9%)
Brazil (SD), n (%) 8194/16222 (50.5%) 1389/2272 (61.1%) | <0.001
South Africa (SD), n (%) 1462/16222 (9.0%) 45/2272 (2.0%)
Ethnicity
White, n (%) 14532/19150 (75.9%) | 2180/2751 (79.2%) 0.001
<0.
Non-white, n (%) 4615/19150 (24.1%) 571/2751 (20.8%)
Follow up time, days, median [IQR] 41.0 (31.0 - 79.0) 111.0 (44.0 - 178.0) | <0.001

*p-values from Chi-squared tests, Wilcoxon Rank Sum tests (continuous age and follow-up time) and Cochran-

Armitage tests (ordinal age groups).
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Figure S2 Vaccine efficacy against asymptomatic/unknown infection by interval between first and second dose after, A)

SD/SD or LD/SD, B) SD/SD, C) LD/SD administration
A) SD/SD or LD/SD
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Each dot represents one estimate of vaccine efficacy in a subset of participants who received two doses of vaccine with a gap between first and second dose within a 20 day range.
The x axis shows the midpoint of the 20 day range for dosing. Dotted lines show 95% confidence intervals for each dot point estimate of VE. Solid line shows a cubic spline
smooth function for VE.
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Figure S3 Neutralising antibody 28 days after a booster dose, measured in

pseudovirus assay (Monogram IC50)
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Participants who were PCR+ prior to the blood sample taken at day 28 post boost were removed from the analyses.

Analysis includes SD/SD and LD/SD recipients.

Table S3 Neutralising antibody 28 days after a booster dose, measured in

pseudovirus assay (Monogram IC50)

Prime-boost interval | N Median [IQR] GMT (95% CI)
<6 weeks 272 | 107 [50, 228] 125 (110, 141)
6-8 weeks 136 | 181[93, 315] 188 (158, 223)
9-11 weeks 210 | 194111, 375] 203 (181, 228)
>12 weeks 217 | 248 [128,452] 240 (210, 276)
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Table S4 SARS-CoV-2 anti-spike IgG responses by multiplex immunoassay at 28 days after the second dose in
SD/SD recipients by interval between first and second dose

Prime-boost

ChAdOx1 nCoV-19

Control

Age group Study . 3
e N Median [IQR] GMT (95% CI) GMR (95% CI) | N 1\[4[21;:]" GMT (95% CI) GMR (95% CI)
18-55 years | Overall (SD/SD) | <6 weeks 207 25338 [12252,45396] 23467 (21031, 26185) ref 295 6733, 136] 78 (66, 92) ref
6-8 weeks 267 31115[18540,53382] 29450 (26149,33168)  1.25(1.19,1.32) | 196  56[16, 169] 71 (58, 86) 0.91 (0.80, 1.02)
9-11 weeks 323 36109 [22958, 61687] 37446 (34430,40726)  1.60 (1.54,1.65) | 232 50[16, 101] 62 (51,75) 0.79 (0.68, 0.90)
>12 weeks 283 51329 [28835,93582] 51401 (46276,57094)  2.19(2.12,2.26) | 173 53[16, 98] 56 (47, 66) 0.72 (0.61, 0.83)
Overall (SD/SD | <6 weeks 300 25198 [12267,45202] 23453 (21040, 26142) ref 300 6833, 137] 78 (66, 91) ref
and LD/SD) 6-8 weeks 267 31115[18540,53382] 29450 (26149,33168)  1.26(1.19,133) | 196  56[16, 169] 71 (58, 86) 0.92 (0.80, 1.03)
9-11 weeks 447 36758 [22588,63086] 36761 (33917,39843)  1.57(1.51,1.62) | 323  48[16,95] 57 (49, 67) 0.74 (0.64, 0.83)
>12 weeks 307 48658 [28131,88231] 47942 (43638, 52670)  2.04 (1.98,2.11) | 259 4616, 90] 51 (45, 59) 0.66 (0.56, 0.75)
>56 years | Overall (SD/SD) | <6 weeks 279 20371 [10553,35752] 18909 (16930, 21120) ref 273 34[16, 78] 40 (35, 46) ref
6-8 weeks 55 20561 [12978,34178] 21947 (18180,26495)  1.16(1.05,127) | 56 3516, 75] 42 (32, 55) 1.05 (0.91, 1.18)
Country Level Estimates
18-35 years SS/ZODOI (UK) >12 weeks 92 71270[43306,129621] 76070 (62987, 91872) 52 47[16,120] 52 (37, 73)
COV002 (UK) <6 weeks 4 27818[10052,45897] 21119 (4900, 91029) 2 74 [68, 79] 73 (10, 539)
SD/SD 6-8 weeks 151 31115[18540,51312] 29257 (25264, 33880) 81 38[16, 113] 52 (39, 70)
9-11 weeks 238 36896 [23014, 65786] 38421 (35006, 42169) 155 47[16, 98] 54 (44, 66)
>12 weeks 186 43936 [24332,76216] 42170 (37386, 47566) 114 57[16,92] 57 (46, 69)
COV002 (UK) 9-11 weeks 124 39994 [21988, 67187] 35034 (28890, 42485) 91 3916, 86] 47 (37, 60)
LD/SD >12 weeks 114 42138 [24638,77156] 40326 (33103, 49127) 86 3816, 70] 43 (34, 53)
COV003 (Brazil) | <6 weeks 202 21104 [11651,37236] 20675 (18222, 23458) 202 7033, 155] 81 (67, 98)
SD/SD 6-8 weeks 110 29108 [16760, 56978] 28586 (23264, 35125) 113 76[40,206]  90(69, 117)
9-11 weeks 85 31871[22997,53258] 34847 (28912, 42000) 77 60[16,102] 81 (54, 122)
>12 weeks 5 84281[29585,94946] 59814 (25145, 142286) 7 95[16,100] 73 (14, 394)
COV005 (South | <6 weeks 91 37316[19675,63656] 31229 (25273, 38588) 91 54116, 112] 71 (52, 99)
Africa) SD/SD 6-8 weeks 6 59070 [53276,63377] 59982 (34400, 104587) 2 2822, 33] 25 (0, 5993)
i(f)ri\ig)o iésfs’%th <6 weeks 3 24956 [19684,27528] 22121 (8548, 57250) 5 115[16,172] 65 (13,319)
>56 years | COV002 (UK) <6 weeks 202 19860 [11688, 33899] 19282 (17144, 21688) 202 25[16,72] 38 (33, 49)
SD/SD 6-8 weeks 49 20356 [12462,31414] 20907 (17168, 25460) 54 3416, 70] 39 (30, 51)
COV003 (Brazil) | <6 weeks 72 21019[8503,37859] 16898 (12967, 22021) 67 37[16, 82] 43 (33, 56)
SD/SD 6-8 weeks 6 31811[22330,38513] 32632 (15397, 69159) 2 269[236,302] 261 (11, 6286)
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COV005 (South
Africa) SD/SD

<6 weeks

5

49287 [48849, 60514]

43366 (9756, 192765)

4

34583, 618]

164 (10, 2691)
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