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Abstract
Objective
To estimate waning of covid-19 vaccine effectiveness 
over six months after second dose.
Design
Cohort study, approved by NHS England.
Setting
Linked primary care, hospital, and covid-19 records 
within the OpenSAFELY-TPP database.
Participants
Adults without previous SARS-CoV-2 infection 
were eligible, excluding care home residents and 
healthcare professionals.
Exposures
People who had received two doses of BNT162b2 or 
ChAdOx1 (administered during the national vaccine 
rollout) were compared with unvaccinated people 
during six consecutive comparison periods, each of 
four weeks.
Main outcome measures
Adjusted hazard ratios for covid-19 related hospital 
admission, covid-19 related death, positive SARS-
CoV-2 test, and non-covid-19 related death comparing 
vaccinated with unvaccinated people. Waning vaccine 

effectiveness was quantified as ratios of adjusted 
hazard ratios per four week period, separately for 
subgroups aged ≥65 years, 18-64 years and clinically 
vulnerable, 40-64 years, and 18-39 years.
Results
1 951 866 and 3 219 349 eligible adults received 
two doses of BNT162b2 and ChAdOx1, respectively, 
and 2 422 980 remained unvaccinated. Waning of 
vaccine effectiveness was estimated to be similar 
across outcomes and vaccine brands. In the ≥65 
years subgroup, ratios of adjusted hazard ratios 
for covid-19 related hospital admission, covid-19 
related death, and positive SARS-CoV-2 test ranged 
from 1.19 (95% confidence interval 1.14 to 1.24) to 
1.34 (1.09 to 1.64) per four weeks. Despite waning 
vaccine effectiveness, rates of covid-19 related 
hospital admission and death were substantially 
lower among vaccinated than unvaccinated adults up 
to 26 weeks after the second dose, with estimated 
vaccine effectiveness ≥80% for BNT162b2, and ≥75% 
for ChAdOx1. By weeks 23-26, rates of positive SARS-
CoV-2 test in vaccinated people were similar to or 
higher than in unvaccinated people (adjusted hazard 
ratios up to 1.72 (1.11 to 2.68) for BNT162b2 and 
1.86 (1.79 to 1.93) for ChAdOx1).
Conclusions
The rate at which estimated vaccine effectiveness 
waned was consistent for covid-19 related hospital 
admission, covid-19 related death, and positive 
SARS-CoV-2 test and was similar across subgroups 
defined by age and clinical vulnerability. If sustained 
to outcomes of infection with the omicron variant and 
to booster vaccination, these findings will facilitate 
scheduling of booster vaccination.

Introduction
The effectiveness of covid-19 vaccines, first shown 
in randomised trials,1 2 has been confirmed with 
longer follow-up in observational studies.3-5 However, 
neutralising antibody titres decrease with time since 
vaccination,6-8 and vaccine effectiveness against 
infection wanes over time.5 9-16 The extent of waning 
of vaccine effectiveness against severe covid-19 is less 
clear: studies have found no evidence of waning,9 10 17 
modest waning,5 11 or substantial waning.12 
Clarification of rates of waning effectiveness is needed 
to determine the frequency with which booster doses 
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What is already known on this topic
A recent systematic review estimated that vaccine effectiveness against severe 
covid-19 decreased by 10 (95% confidence interval 6.1 to 15.4) percentage 
points from one to six months after full vaccination
Estimated vaccine effectiveness against SARS-CoV-2 infection decreased by 21 
(13.9 to 29.8) percentage points over the same period
However, differences in study design and substantial differences between 
findings from different studies limited the conclusions that could be made

What this study adds
Waning vaccine effectiveness quantified as ratios of hazard ratios per four 
week period were strikingly consistent for covid-19 related hospital admission, 
covid-19 related death, and positive SARS-CoV-2 test
Strong protection against covid-19 related hospital admission and death 
persisted up to 26 weeks after second vaccine dose
This cohort study design is an alternative to the test negative case-control 
design, which has become less feasible with the cessation of freely available 
population based testing programmes
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are needed and whether booster vaccination should be 
targeted at groups defined by age, clinical vulnerability, 
or brand of primary vaccine.

Examination of waning of covid-19 vaccine 
effectiveness is difficult. The success of vaccine 
rollouts in many countries means that only a small 
and selected proportion of the population remains 
unvaccinated and uninfected. Continuing uptake of 
vaccination, as well as ongoing infection with SARS-
CoV-2, further depletes this group over time. Vaccines 
were offered in priority order determined by age and 
clinical vulnerability, so that the longest follow-up 
is in people at the highest risk of severe covid-19. 
Rapid changes in rates of SARS-CoV-2 infection over 
time, related to pandemic control measures and 
introduction of new variants, make accounting for 
the calendar date on which events occurred essential. 
Many studies of waning covid-19 vaccine effectiveness 
have used “test negative case-control” designs, 
restricted to people tested for infection with SARS-
CoV-2 and comparing those testing positive (cases) and 
negative (controls)5 9 17 18 or reported indirect evidence 
such as changing rates of covid-19 with time since 
vaccination.11 12 The extent to which test negative case-
control designs control bias due to confounding, or are 
biased because of the restriction to people who were 
tested, remains unclear.19 20

We did a cohort study within the OpenSAFELY-
TPP database (https://opensafely.org), which 
includes detailed linked data on 24 million people 
(approximately 44% of the English population) 
registered with an English general practice using 
The Phoenix Partnership (TPP) SystmOne electronic 
health record software. We compared rates of covid-19 
related hospital admission, covid-19 related and non-
covid-19 related mortality, and infection with SARS-
CoV-2, between adults fully vaccinated with the Pfizer-
BioNTech BNT162b2 mRNA vaccine (BNT162b2) or 
the Oxford-AstraZeneca ChAdOx1 nCoV-19 AZD1222 
(ChAdOx1) vaccine and those who were unvaccinated.

Methods
Data source
OpenSAFELY-TPP includes detailed pseudonymised 
primary care data linked (via National Health 
Service (NHS) number) with accident and emergency 
attendance, inpatient hospital spell records (NHS 
Digital’s Hospital Episode Statistics dataset), national 
SARS-CoV-2 testing records (Second Generation 
Surveillance System; SGSS), and national death registry 
records. Vaccination status (National Immunisation 
Management System; NIMS) is available in the primary 
care record. Healthcare worker status (recorded 
for vaccine recipients at the time of vaccination) is 
provided by NHS Digital’s covid-19 data store.

Study design
This study was approved by NHS England. People were 
eligible for inclusion if they were aged ≥18 years on 
1 July 2021 and had been registered with a primary 
care doctor for at least one year before eligibility 

for their first vaccine dose (the “eligibility date,” 
supplementary table S2). People were excluded if they 
were aged >120 years on the date at which they became 
eligible for vaccination; their sex, geographical region, 
ethnicity, or English Index of Multiple Deprivation 
were unknown; or they were resident in a care home 
or medically housebound at six weeks after their 
eligibility date. Full details are in supplementary figure 
S1.

We defined three groups who received two doses of 
BNT162b2, received two doses of ChAdOx1, or were 
unvaccinated. Eligibility for the vaccinated groups was 
restricted to people who received their second vaccine 
dose during a four week “second vaccination period” 
within analysis strata defined by UK Joint Committee 
on Vaccination and Immunisation (JCVI) priority 
groups (supplementary table S1), eligibility date (for 
priority groups within which eligibility was based on 
age; supplementary table S2), and English NHS region 
(defined using individuals’ primary care practice 
address).

We defined the second vaccination period as the 
four week period during which the greatest number 
of people in the stratum received their second dose. 
We excluded people from the vaccine groups if they 
received their first dose before their eligibility date, 
had an interval between first and second dose of less 
than six or more than 14 weeks, or were flagged as a 
healthcare worker on their vaccination record. We 
assigned people to the unvaccinated group if they had 
received no covid-19 vaccine at the start of the second 
vaccination period for their analysis stratum. We 
excluded people from any group if they had evidence 
of previous SARS-CoV-2 infection by the start of their 
second vaccination period (either a positive SARS-
CoV-2 test in SGSS or probable covid-19 coded in 
primary care records), had ever been recorded as being 
resident in a care home, or had evidence of having 
started an end-of-life care pathway.

Figure 1 depicts the study design. The analysis 
timescale was calendar time, which ensured that 
vaccinated and unvaccinated people were compared 
on the calendar day on which each outcome event 
occurred. We split follow-up time for fully vaccinated 
people into six consecutive four week “comparison 
periods,” starting two weeks after receipt of the second 
dose. Because each second vaccination period was 
four weeks long and each vaccinated person was 
followed up for four weeks per comparison period, 
vaccinated people were followed during eight calendar 
weeks in each comparison period. Vaccinated people 
entered and finished follow-up on the calendar dates 
corresponding to the start and end of their comparison 
period.

We followed up unvaccinated people for the full eight 
calendar weeks that spanned the comparison periods 
for vaccinated people. To avoid overlap in follow-up of 
unvaccinated people between comparison periods (see 
lines corresponding to unvaccinated individuals E-L in 
figure 1), follow-up time for unvaccinated people was 
assigned at random to start either two or six weeks after 
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the start of the second vaccination period and was split 
into the three consecutive eight week calendar periods 
during which vaccinated people were followed in each 
comparison period. Unvaccinated people assigned to 
start at two weeks were followed during comparison 
periods 1, 3, and 5, and those assigned to start at six 
weeks were followed during comparison periods 2, 4, 
and 6.

Outcomes
The outcomes were covid-19 related hospital 
admission (identified using Hospital Episode Statistics 
inpatient hospital records), covid-19 related death, 
positive SARS-CoV-2 test, and non-covid-19 related 
death. We also investigated test seeking behaviour by 
comparing rates of testing for SARS-CoV-2 between 
the vaccine groups. Covid-19 and non-covid-19 
related deaths (death certificates with and without a 
covid-19 code) were based on death registry data from 
the Office for National Statistics. We identified SARS-
CoV-2 tests by using SGSS records, on the basis of swab 
date. Both polymerase chain reaction and lateral flow 
tests were included, without differentiation between 
symptomatic and asymptomatic infection. We defined 
all outcomes by the date of their first occurrence during 
the comparison follow-up period. Where no positive 
SARS-CoV-2 test was present, but a record of covid-19 
related hospital admission and/or death was recorded, 

we imputed the date of positive SARS-CoV-2 test as the 
date of covid-19 related hospital admission or death.

Potential confounding factors
Models were adjusted for the following potential 
confounders: age, sex (male or female), English 
Index of Multiple Deprivation (grouped by fifths), 
ethnicity (black, mixed, South Asian, white, other, 
as per the UK census), body mass index, learning 
disability, serious mental illness, number of comorbid 
conditions in different organ systems (supplementary 
table S3), current pregnancy, number of SARS-CoV-2 
tests between 18 May 2020 (when widespread testing 
became available) and eligibility for first vaccine dose, 
and receipt of one or more flu vaccines in the five years 
before the start of the second vaccination period.

Missing data
After exclusion of participants with missing sex, 
geographical region, ethnicity, or English Index of 
Multiple Deprivation, no values were missing in the 
remaining variables, as they were each defined by the 
presence or absence of clinical codes or events in the 
electronic health record.

Statistical analysis
For each comparison period, we estimated hazard 
ratios comparing BNT162b2 recipients versus 

Calendar time scale

Individuals A-D
in vaccinated
group

Vaccination dose Start
of SVP

Start of
follow-up

for period x

End of
follow-up

for period x
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Fig 1 | Illustrative example showing definition of four week comparison periods, within strata defined by Joint Committee on Vaccination and 
Immunisation group, eligibility date, and region. Horizontal lines represent follow-up time for four vaccinated and eight unvaccinated people, 
and colours of lines correspond to six comparison periods. Individuals A and D received their second vaccinations on first and last day of second 
vaccination period (SVP), respectively
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unvaccinated people, ChAdOx1 recipients versus 
unvaccinated people, and BNT162b2 versus ChAdOx1 
recipients. We did not estimate hazard ratios for 
comparison periods with fewer than three events in 
either group. For each person, follow-up ended at 
the earliest of the outcome of interest, deregistration 
from the primary care practice, death, or 15 December 
2021. However, for SARS-CoV-2 test, follow-up ended 
at the “outcome of interest” only when the test result 
was positive. Fully vaccinated people who received a 
booster dose, and unvaccinated people who received a 
first dose were excluded from subsequent comparison 
periods, but follow-up within comparison periods was 
not censored after these events.

To estimate hazard ratios, we fitted Cox regression 
models with baseline hazards stratified by JCVI group, 
eligibility date, and region used to define the second 
vaccination periods, and with the covariates described 
above. To avoid problems with model convergence, we 
excluded binary covariates from the model if any cell 
of the table defined by cross tabulating the covariate 
with vaccine group and comparison period contained 
fewer than three events. For categorical covariates 
with more than two levels, levels were merged until 
either all levels had more than three events or only one 
level existed, in which case the variable was excluded. 
We carried out this process independently for each 
outcome. We modelled age within strata as linear, with 
quadratic terms additionally included for strata with 
age range >5 years.

We used meta-regression to quantify waning vaccine 
effectiveness as ratios of hazard ratios per comparison 
period. The ratios of hazard ratios can be interpreted 
as follows: if the hazard ratio in the three to six week 
comparison period is 0.5 and the ratio of hazard ratios 
is 1.2, then the hazard ratios will be 0.6 (=0.5×1.2), 
0.72 (=0.5×1.22), 0.86 (=0.5×1.23), 1.04 (=0.5×1.24), 
and 1.24 (0.5×1.25) in the 7-10, 11-14, 15-18, 19-22, 
and 23-26 week comparison periods respectively.

We did all analyses independently in four vaccine 
priority subgroups: aged ≥65 years and in JCVI groups 
2-5, aged 18-64 years and clinically vulnerable (JCVI 
groups 4 or 6), aged 40-64 years (JCVI groups 7-10; 
most people in this subgroup received ChAdOx1), and 
aged 18-39 years (JCVI groups 11-12; this subgroup 
received only BNT162b2). The ≥65 subgroup included 
participants who were clinically vulnerable, whereas 
the 40-64 and 18-39 subgroups did not. We fitted 
additional models separately in men and women to 
investigate effect modification by sex and in 65-74 and 
≥75 years subgroups to investigate effect modification 
by age in older adults.

Reporting
This study followed STROBE-RECORD reporting 
guidelines. All frequencies presented have been rounded 
up to the nearest 7 to mitigate the risk of disclosure.

Patient and public involvement
Public contributors were not involved in setting the 
research question or the outcome measures, nor in 

developing plans for design or implementation of the 
study. No public contributors were asked to advise 
on interpretation or writing up of results. Covid-19 
vaccination is offered to the whole population, 
including the researchers involved in the study. The 
main barriers to involving external public contributors 
were the rapidly evolving nature of the pandemic, 
which means that evidence quickly becomes outdated, 
and the urgent need to conduct and disseminate the 
research. OpenSAFELY invites any patient or member 
of the public to make contact with the project via 
https://opensafely.org/.

Results
Study population
Of 13 841 107 people satisfying initial eligibility criteria 
(supplementary figure S2), 5 222 812 received second 
doses of BNT162b2 or ChAdOx1 during the second 
vaccination period for their stratum (supplementary 
figures S3-18) and 2 575 111 were unvaccinated at 
the start of their second vaccination period. Of these, 
1 951 866, 3 219 349, and 2 422 980 were eligible for 
inclusion in the first comparison period for BNT162b2, 
ChAdOx1, and unvaccinated groups, respectively. 
Table 1 and supplementary table S4 show summary 
statistics for these three groups by subgroup. Compared 
with vaccinated people, unvaccinated people were less 
likely to be white, to live in a more affluent area, to have 
had a flu vaccine in the previous five years, or to have 
tested for SARS-CoV-2 before their eligibility date. The 
distribution of other characteristics between vaccine 
groups differed according to subgroup. For example, 
in the ≥65 subgroup, those vaccinated with BNT162b2 
were older than those vaccinated with ChAdOx1 (75 
(interquartile range 72-80) years) versus 72 (70-75) 
years, whereas the converse was true in the 40-64 
subgroup (44 (41-50) years versus 55 (50-59) years).

Attrition due to subsequent vaccination
The cumulative incidence of first vaccine dose by 
week 23 in previously unvaccinated people was 16%, 
28%, 13%, and 14% in the ≥65, 18-64 and clinically 
vulnerable, 40-64, and 18-39 subgroups respectively 
(supplementary figure S19). The UK vaccination 
programme initially offered third doses only after 
six months (23-26 weeks) since the second dose21; 
however, among the 18-39 subgroup, 35% and 26% 
of those in the BNT162b2 and ChAdOx1 groups, 
respectively, had received a third dose by week 20, 
because the required time since second dose was 
reduced to three months in early December 2021 
owing to concerns about the omicron variant.22 23

Distribution of follow-up time
Supplementary figures S20-23 show the distribution 
of follow-up by calendar time in each comparison 
period, for each subgroup, relative to dates during 
which different variants were dominant. Follow-up 
in the ≥65 subgroup began on 15 March 2021 (when 
the alpha variant was dominant) and ended on 30 
November 2021. Follow-up for the 18-64 and clinically 
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vulnerable, 40-64, and 18-39 subgroups began on 21 
April, 18 May, and 23 July 2021, respectively: the delta 
variant was dominant in England by 1 June 2021. The 
latest follow-up was on 15 December 2021; 54% of 
specimens sampled in England on this date had S-gene 
target failure, which suggests that the omicron variant 
became dominant in England by this date.24

Waning vaccine effectiveness
Unadjusted and adjusted hazard ratios are shown in 
supplementary tables S6 and S7, respectively, and 
compared in supplementary figures S24-29, with 
adjusted hazard ratios for each covariate shown in 
supplementary tables S9-50. For the models comparing 
people fully vaccinated with BNT162b2 and ChAdOx1 

BNT162b2
ChAdOx1

≥65 years

Weeks since second dose†

C
ov

id
-1

9 
h

os
pi

ta
l a

dm
is

si
on

P
er

ce
n

ta
ge

E
st

im
at

ed
 v

ac
ci

n
e 

eff
ec

ti
ve

n
es

s 
= 

10
0*

(1
−a

H
R

)

A
dj

u
st

ed
 h

az
ar

d 
ra

ti
o

0.02

0.20

0.50

2.00

1.00

0.05

98

80

50

0

95

3-6 7-10 11-14 15-18 19-22 23-26

From
15 Mar

To
30 Nov

From
21 Apr

To
1 Dec

From
18 May

To
15 Dec

From
23 Jul

To
15 Dec

18-64 years and
clinically vulnerable

Weeks since second dose†

3-6 7-10 11-14 15-18 19-22 23-26

40-64 years*

Weeks since second dose†

3-6 7-10 11-14 15-18 19-22 23-2623-26

18-39 years*

Weeks since second dose†

3-6 7-10 11-14 15-18 19-22 23-26

C
ov

id
-1

9 
de

at
h

P
er

ce
n

ta
ge

0.02

0.20

0.50

2.00

1.00

0.05

98

80

50

0

95

P
os

it
iv

e 
SA

R
S-

C
oV

-2
 te

st

P
er

ce
n

ta
ge

0.02

0.20

0.50

2.00

1.00

0.05

98

80

50

0

95
P

er
ce

n
ta

ge

98

80

50

0

95

N
on

-c
ov

id
-1

9 
de

at
h

0.02

0.20

0.50

2.00

1.00

0.05

Fig 2 | Adjusted hazard ratios (aHRs) comparing BNT162b2 and ChAdOx1 recipients with unvaccinated people in each comparison period. Estimates 
for BNT162b2 in 40-64 age group are omitted for all outcomes except positive SARS-CoV-2 test owing to low event counts. Slopes of lines are ratios 
of hazard ratios across comparison periods, fitted using meta-regression. Y axis is on log scale. *Not clinically vulnerable. †Dates (all in 2021) 
represent earliest and latest dates of follow-up within subgroup
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with unvaccinated people, the unadjusted and 
adjusted hazard ratios were generally similar. Where 
they differed, patterns were outcome and subgroup 
specific. Unadjusted and adjusted hazard ratios were 
similar for comparisons of BNT162b2 with ChAdOx1.

Figure 2 shows adjusted hazard ratios (with 95% 
confidence intervals) for BNT162b2 or ChAdOx1 

vaccination versus no vaccination across the six 
comparison periods. The slopes of the lines correspond 
to ratios of adjusted hazard ratios per comparison 
period (also shown in supplementary table S8). The 
missing adjusted hazard ratios could not be estimated 
because too few events occurred in one or both groups 
(supplementary table S5).
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Covid-19 related hospital admissions
We observed 2100, 5369, and 9443 covid-19 related 
hospital admissions in BNT162b2 recipients, ChAdOx1 
recipients, and unvaccinated people, respectively 
(supplementary table S5). Estimated adjusted hazard 
ratios comparing BNT162b2 and ChAdOx1 recipients 
with unvaccinated people in the ≥65 subgroup were 
0.08 (95% confidence interval 0.05 to 0.13) and 0.13 
(0.08 to 0.23), respectively, during weeks three to six 
after the second dose, waning to 0.20 (0.17 to 0.25) 
and 0.25 (0.21 to 0.29), respectively, during weeks 
23-26 (fig 2). The ratios of adjusted hazard ratios per 
period were similar for BNT162b2 and ChAdOx1: 1.26 
(1.17 to 1.36) and 1.23 (1.07 to 1.40), respectively. 
Estimated adjusted hazard ratios comparing 
BNT162b2 and ChAdOx1 recipients with unvaccinated 
people in the 18-64 and clinically vulnerable subgroup 
were 0.05 (0.02 to 0.12) and 0.09 (0.06 to 0.14), 
respectively, during weeks three to six, waning to 0.09 
(0.07 to 0.12) and 0.23 (0.19 to 0.26), respectively, by 
weeks 23-26. The ratios of adjusted hazard ratios per 
period were 1.23 (1.13 to 1.35) and 1.20 (1.14 to 1.27) 
for BNT162b2 and ChAdOx1, respectively. Estimated 
adjusted hazard ratios comparing ChAdOx1 recipients 
with unvaccinated people in the 40-64 subgroup 
waned from 0.05 (0.04 to 0.07) during weeks three 
to six to 0.12 (0.10 to 0.15) during weeks 23-26 
(ratio of adjusted hazard ratios 1.24 (1.16 to 1.33) 
per period). Adjusted hazard ratios for BNT162b2 
could not be estimated in the 40-64 subgroup 
because too few covid-19 related hospital admissions 
occurred. Estimated adjusted hazard ratios comparing 
BNT162b2 recipients with unvaccinated people in the 
18-39 subgroup waned from 0.04 (0.02 to 0.07) during 
weeks three to six to 0.18 (0.10 to 0.29) during weeks 
19-22 (ratio of adjusted hazard ratios 1.31 (1.10 to 
1.57) per period).

Covid-19 related deaths
We observed 329, 595, and 889 covid-19 related 
deaths in BNT162b2 recipients, ChAdOx1 recipients, 
and unvaccinated people, respectively (supplementary 
table S5). In the ≥65 subgroup, estimated adjusted 
hazard ratios comparing BNT162b2 recipients with 
unvaccinated people were 0.02 (0.01 to 0.07) during 
weeks three to six after the second dose and those 
comparing ChAdOx1 recipients with unvaccinated 
people were 0.04 (0.02 to 0.09) during weeks seven to 
10 after the second dose. These estimates waned to 0.12 
(0.08 to 0.17) and 0.15 (0.11 to 0.21) for BNT162b2 
and ChAdOx1, respectively, by weeks 23-26 (fig 2). The 
ratios of adjusted hazard ratios per period were 1.34 
(1.09 to 1.64) and 1.31 (1.07 to 1.61) for BNT162b2 
and ChAdOx1, respectively. In the 18-64 and clinically 
vulnerable subgroup, estimated adjusted hazard ratios 
comparing BNT162b2 recipients with unvaccinated 
people were 0.04 (0.02 to 0.09) during weeks 15-18 
after the second dose and those comparing ChAdOx1 
recipients with unvaccinated people were 0.05 (0.02 
to 0.16) during weeks seven to 10 after the second 
dose. These estimates waned to 0.08 (0.04 to 0.18) 

and 0.13 (0.08 to 0.20) for BNT162b2 and ChAdOx1, 
respectively, by weeks 23-26. The ratios of adjusted 
hazard ratios per period were 1.38 (0.77 to 2.47) 
and 1.21 (0.99 to 1.49) for BNT162b2 and ChAdOx1, 
respectively. Estimated adjusted hazard ratios 
comparing ChAdOx1 recipients with unvaccinated 
people in the 40-64 subgroup waned from 0.02 (0.01 to 
0.07) during weeks 11-14 to 0.10 (0.04 to 0.22) during 
weeks 23-26 (ratio of adjusted hazard ratios 1.66 (1.08 
to 2.55) per period). Too few covid-19 related deaths 
occurred in the 18-39 subgroup to allow estimation of 
hazard ratios.

Positive SARS-CoV-2 tests
We observed 62 363, 186 137, and 118 216 positive 
SARS-CoV-2 tests in BNT162b2 recipients, ChAdOx1 
recipients, and unvaccinated people, respectively 
(supplementary table S5). For BNT162b2 recipients 
compared with unvaccinated people, estimated 
adjusted hazard ratios across subgroups ranged from 
0.19 (0.13 to 0.27) to 0.27 (0.23 to 0.31) during weeks 
three to six and from 0.87 (0.78-0.97) to 1.72 (1.11 
to 2.68) during weeks 23-26 (fig 2; supplementary 
table S7). For ChAdOx1 recipients compared with 
unvaccinated people, estimated adjusted hazard 
ratios ranged across subgroups from 0.43 (0.32 to 
0.58) to 0.78 (0.75 to 0.81) and waned to 1.23 (1.11 
to 1.36), 1.35 (1.29 to 1.41), and 1.86 (1.79 to 1.93) 
in the ≥65, 18-64 and clinically vulnerable, and 40-
64 subgroups, respectively. For BNT162b2, ratios of 
hazard ratios were 1.29 (1.23 to 1.35), 1.30 (1.23 to 
1.36), 1.32 (1.17 to 1.49), and 1.54 (1.50 to 1.59) in 
the ≥65, 18-64 and clinically vulnerable, 40-64, and 
18-39 subgroups, respectively (supplementary table 
S8). For ChAdOx1, ratios of hazard ratios were 1.19 
(1.14 to 1.24), 1.14 (1.11 to 1.17), and 1.20 (1.16 to 
1.25) in the ≥65, 18-64 and clinically vulnerable, and 
40-64 subgroups, respectively.

Non-covid-19 related deaths
We observed 8463, 9135, and 3031 non-covid-19 
related deaths in BNT162b2 recipients, ChAdOx1 
recipients, and unvaccinated people, respectively 
(supplementary table S5). Across subgroups, estimated 
adjusted hazard ratios during weeks three to six 
ranged from 0.29 (0.24 to 0.35) to 0.47 (0.34 to 0.64) 
for BNT162b2 and from 0.29 (0.20 to 0.44) to 0.36 
(0.30 to 0.44) for ChAdOx1 (fig 2; supplementary table 
S7). By weeks 23-26, these ranged from 0.55 (0.40 to 
0.76) to 0.58 (0.48 to 0.69) for BNT162b2 and from 
0.64 (0.43 to 0.95) to 0.74 (0.61 to 0.90) for ChAdOx1. 
Rates of waning were lower than for the other outcomes 
(maximum ratio of adjusted hazard ratios 1.19 (1.09 to 
1.31); supplementary table S8).

SARS-CoV-2 tests
We observed 1 406 181, 2 907 849, and 674 534 
SARS-CoV-2 tests in BNT162b2 recipients, ChAdOx1 
recipients, and unvaccinated people, respectively 
(only the first test in each comparison period counted; 
supplementary table S5). Across subgroups, rates 
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of testing during weeks three to six were higher in 
vaccinated people than in unvaccinated people; 
adjusted hazard ratios ranged from 1.55 (1.50 to 
1.61) to 2.09 (2.03 to 2.15) for BNT162b2 and from 
2.01 (1.95 to 2.08) to 2.79 (2.75 to 2.83) for ChAdOx1 
(supplementary figure S30; supplementary tables S7 
and S8). The discrepancy in testing behaviour between 
the vaccinated and unvaccinated people increased 
slightly by weeks 23-26; adjusted hazard ratios ranged 
from 2.06 (2.00 to 2.13) to 3.06 (2.66 to 3.53) for 
BNT162b2 and from 2.31 (2.27 to 2.36) to 3.70 (3.64 
to 3.76) for ChAdOx1.

Comparative effectiveness
Estimated adjusted hazard ratios comparing BNT162b2 
with ChAdOx1 recipients consistently favoured 
BNT162b2 (fig 3; supplementary table S7; ratios 
of adjusted hazard ratios in supplementary table 
S8). In the ≥65 and 18-64 and clinically vulnerable 
subgroups, estimated adjusted hazard ratios were 0.51 
(0.33 to 0.79) and 0.36 (0.23 to 0.55), respectively, 
for covid-19 related hospital admission during weeks 
seven to 10; 0.58 (0.36 to 0.94) and 0.49 (0.20 to 1.18), 
respectively, for covid-19 related death during weeks 
15-18; and 0.68 (0.52 to 0.88) and 0.35 (0.29 to 0.41), 
respectively, for positive SARS-CoV-2 test during weeks 
three to six. Because the rate of waning was slightly 
higher for BNT162b2 than ChAdOx1, the adjusted 
hazard ratios for both the ≥65 and 18-64 and clinically 
vulnerable subgroups were attenuated by weeks 23-26, 
but they still favoured BNT162b2 over ChAdOx1 (0.69 
(0.61 to 0.78) and 0.47 (0.38 to 0.57), respectively, 
for covid-19 related hospital admission; 0.65 (0.48 to 
0.86) and 0.54 (0.28 to 1.05), respectively, for covid-19 
related death; and 0.75 (0.72 to 0.78) and 0.70 (0.67 to 
0.72), respectively, for positive SARS-CoV-2 test).

Effect modification by sex and by age in older adults
We observed no consistent differences between vaccine 
effectiveness in men and women. For ChAdOx1, 
adjusted hazard ratios seemed to be broadly similar in 
men and women. For BNT162b2, vaccine effectiveness 
against covid-19 related hospital admission seemed 
to be somewhat greater in women than in men in the 
≥65 subgroup but greater in men than in women in 
the 18-39 subgroup (supplementary tables S51-58; 
supplementary figures S32-35).

For both BNT162b2 and ChAdOx1 recipients, 
estimated vaccine effectiveness against covid-19 
related hospital admission and covid-19 related death 
was greater in those aged 65-74 years than in those 
≥75 years during weeks three to 14, and then broadly 
similar in these two age groups during weeks 15-26. 
Estimated vaccine effectiveness against a positive 
SARS-CoV-2 test was generally lower in people aged 
65-74 years than ≥75 years (supplementary tables 
S59-62; supplementary figures S36-39).

Discussion
This cohort study estimated the effectiveness and 
comparative effectiveness of the BNT162b2 and 

ChAdOx1 covid-19 vaccines during six consecutive 
periods, each of four weeks’ duration, starting two 
weeks after receipt of second dose. Rates of covid-19 
related hospital admission and covid-19 related death 
were consistently and substantially lower among fully 
vaccinated people compared with those who remained 
unvaccinated, up to 26 weeks after the second 
vaccination, and consistently lower among people 
fully vaccinated with BNT162b2 than with ChAdOx1. 
However, by 23-26 weeks, rates of positive SARS-CoV-2 
test (ascertained through freely available national 
routine testing) in fully vaccinated people were similar 
to or higher than those in unvaccinated people. Rates 
of non-covid-19 related death were consistently lower 
among fully vaccinated than unvaccinated people.

When quantified as ratios of adjusted hazard 
ratios, estimated waning of vaccine effectiveness 
was strikingly similar across risk groups, except that 
waning was fastest in the 18-39 year subgroup (those 
at lowest risk of severe covid-19, all vaccinated with 
BNT162b2). In those subgroups in which the two 
vaccines could be compared, estimated vaccine 
effectiveness was consistently greater for BNT162b2 
than for ChAdOx1, but waning was somewhat faster 
for BNT162b2 than ChAdOx1, so that the two brands’ 
comparative effectiveness became more similar over 
time. Estimated adjusted hazard ratios for covid-19 
related hospital admission and covid-19 related death 
remained ≤0.20 (≥80% vaccine effectiveness) for 
BNT162b2 and ≤0.25 (≥75% vaccine effectiveness) 
for ChAdOx1 during weeks 23-26 after the second 
vaccination.

Findings in context
A systematic review and meta-regression of the 
duration of effectiveness of covid-19 vaccines included 
18 studies, most of which evaluated BNT162b2 
or Moderna’s mRNA-1273 vaccine.13 Estimates of 
vaccine effectiveness and the duration of vaccine 
effectiveness varied substantially between studies. 
Only two studies found minimal vaccine effectiveness 
against SARS-CoV-2 infection by six months, and 
none found decreases in vaccine effectiveness against 
positive SARS-CoV-2 test as large as those reported 
in our study.9 14 The meta-regression estimated an 
average decrease in vaccine effectiveness from one 
to six months after full vaccination across studies of 
9.5 (95% confidence interval 5.7 to 14.6) percentage 
points for severe covid-19 (hospital admission or death 
due to covid-19), and of 20.7 (10.2 to 36.6) percentage 
points for SARS-CoV-2 infection. The corresponding 
reductions in the ≥65 subgroup in our study were: 
covid-19 related hospital admission 12.8 (7.41 to 
18.2) for BNT162b2 and 11.7 (3.44 to 20.0) for 
ChAdOx1; positive SARS-CoV-2 test 68.2 (56.4 to 80.0) 
for BNT162b2 and 79.6 (62.0 to 97.2) for ChAdOx1. 
However, the ratios of adjusted hazard ratios in the ≥65 
subgroup in our study were similar for covid-19 related 
hospital admission (1.26 (1.17 to 1.36) for BNT162b2 
and 1.23 (1.07 to 1.40) for ChAdOx1) and for positive 
SARS-CoV-2 test (1.29 (1.23 to 1.35) for BNT162b2 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

L
ib

raries
at U

n
iversity o

f O
xfo

rd
 - B

o
d

leian
 H

ealth
 C

are
 

o
n

 27 A
p

ril 2026
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

20 Ju
ly 2022. 

10.1136/b
m

j-2022-071249 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


RESEARCH

10� doi: 10.1136/bmj-2022-071249 | BMJ 2022;377:e071249 | the bmj

and 1.19 (1.14 to 1.24) for ChAdOx1). Thus, the 
metric used to quantify waning vaccine effectiveness 
can lead to strikingly different conclusions about its 
magnitude. The review concluded that the decline 
in vaccine effectiveness against severe covid-19 was 
less than for SARS-CoV-2 infection and symptomatic 
disease. However, by quantifying waning in terms of 
ratios of hazard ratios, we found that rates of waning 
were similar for these two outcomes (supplementary 
table S8).

As in our study, Andrews and colleagues analysed 
NHS England electronic health records data to 
investigate the duration of protection by covid-19 
vaccines against symptomatic and severe covid-19.5 
They used a test negative case-control design, which 
aims to reduce confounding due to health seeking 
behaviour by considering only people who were tested 
for SARS-CoV-2 infection.25 However, this restriction 
to the sub population of people who are tested if they 
have symptoms has potential biases. For example, if 
older people were more likely to seek testing when they 
had symptoms then vaccine effectiveness in the tested 
subpopulation may differ from that in the general 
population.20 The restriction to those tested can also 
induce so-called “collider bias,” because associations 
between causes of being tested are distorted in the 
tested subpopulation.26

Comparisons between this study and that of 
Andrews and colleagues are restricted to the ≥65 and 
40-64 subgroups, as these are identically defined in 
the two studies, and to the 15-18 weeks comparison 
period in this study and the 15-19 weeks since second 
dose in the other study, which were the most similar 
across the two studies. Compared with Andrews 
and colleagues, we consistently estimated lower 
effectiveness for both vaccines against covid-19 
related hospital admission (differences ranged from 
1.3 to 6.4 percentage points). Andrews and colleagues 
concluded (by contrast with our study) that waning 
was greater for ChAdOx1 than BNT162b2 and greater 
among older adults and those in a clinical risk group. 
Whereas those authors found continuing vaccine 
effectiveness against symptomatic covid-19 up to 26 
weeks after receipt of the second vaccine dose, we 
found rates of positive SARS-CoV-2 test to be similar 
to or higher than those in unvaccinated participants 
by that time.

Most of the follow-up in our study was while the 
delta variant was dominant in England. Previous 
studies found vaccine effectiveness to be lower for the 
delta variant than the alpha variant,3 18 27 and lower 
for the omicron variant than the delta variant.28 29 
Consistent with the findings of this study, infection 
in vaccinated people has been widespread since the 
omicron variant became dominant; an estimated 
71% of people in England had been infected with 
SARS-CoV-2 by 22 April 2022.30 It will be important to 
extend the analyses reported in this study to examine 
longer term effectiveness of two dose vaccination, and 
waning effectiveness of booster vaccination, against 
the omicron variant.

Strengths and limitations of this study
Our study is based on whole population data 
analysed within the OpenSAFELY Trusted Research 
Environment, which has stringent disclosure controls 
to protect patients’ privacy. The large study size 
and large numbers of outcome events led to precise 
estimates of vaccine effectiveness according to brand 
of vaccine and time since second vaccine dose. We 
accounted for risk dependent vaccine allocation by 
separating the cohort into subgroups based on JCVI 
group,31 and by doing analyses within strata defined 
by JCVI group, eligibility date for primary vaccination, 
and geographical region. We fully accounted for rapid 
changes in incidence of covid-19 with calendar time, 
because the risk sets underpinning the Cox models 
compared people being followed on the calendar day 
when outcome events occurred. Our analyses also 
excluded people with a pre-vaccine rollout record of 
SARS-CoV-2 infection and accounted for censoring due 
to occurrence of outcome events and attenuation of 
comparison groups because of receipt of first vaccine 
dose by unvaccinated people and third dose by fully 
vaccinated people. The OpenSAFELY platform contains 
an unprecedented scale of NHS records that are 
refreshed every week, and the methods used for data 
storage and management facilitate rapid re-execution 
of all curation and analysis code. This will enable us 
to regularly reassess waning vaccine effectiveness over 
extended time intervals, the impact of new SARS-CoV-2 
variants, and the effects of further doses of covid-19 
vaccines.

Our study has several limitations. Firstly, as in 
any observational study, our estimates could be 
affected by confounding by unmeasured factors. The 
detailed linked data analysed permitted adjustment 
for a wide range of potential confounding factors, 
but we may not have been able to control completely 
for the associations of being vaccinated with health 
seeking behaviours and being less socioeconomically 
deprived. Secondly, patients registered with a primary 
care practice who have moved or emigrated (or whose 
death was not recorded)32 may contribute person time 
but not events. Because the BNT162b2 and ChAdOx1 
groups are defined by recent vaccination, these 
“ghost” patients are more likely to be present in the 
unvaccinated group, leading to bias in estimates of 
waning. Also, healthcare workers could be identified 
and excluded from the vaccinated groups, because this 
information was recorded at the time of vaccination, 
but not from the unvaccinated group. This limitation 
should not affect results for the ≥65 subgroup, most of 
whom are retired, or comparisons between BNT162b2 
and ChAdOx1. Thirdly, consistent with an Australian 
survey,33 we found that unvaccinated people had tested 
less frequently than vaccinated people during the pre-
vaccine rollout period when widespread testing was 
available (table 1) and were considerably less likely to 
be tested during follow-up (supplementary table S7). 
Fourthly, differential depletion of susceptible people 
in the unvaccinated groups over time may lead to 
attenuation of hazard ratios even when true vaccine 
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effectiveness does not change. However, such bias 
is likely to be minimal when vaccine effectiveness is 
high.34 Fifthly, we excluded people vaccinated outside 
defined “second vaccination periods” and estimated 
hazard ratios within four week periods subsequent to 
second vaccination. Modelling non-linear interactions 
of vaccine effectiveness with time since vaccination 
is a potentially more powerful approach that could 
avoid excluding so many people but would rely on 
more complex modelling assumptions than those 
underpinning our analyses.

Conclusions
When quantified as ratios of hazard ratios, the rate 
at which estimated vaccine effectiveness waned was 
strikingly consistent (we saw little variation around 
the fitted rates of waning shown in figure 2) and (by 
contrast with other studies) similar across subgroups 
defined by age and clinical vulnerability. If sustained 
to outcomes of infection with the omicron variant and 
to booster vaccination, these findings will facilitate 
scheduling of booster vaccination doses. By 26 
weeks after the second dose, rates of positive SARS-
CoV-2 test in fully vaccinated people were similar 
to or higher than those in unvaccinated people, 
implying that vaccination has only transient effects on 
transmissibility of SARS-CoV-2 and emphasising the 
desirability of development of new vaccines that inhibit 
transmission.35 These findings may result partly from 
greater social mixing by vaccinated than unvaccinated 
people based on their substantially reduced risk of 
severe covid-19. The reduction and ultimate removal 
of restrictions on social mixing is a crucial benefit of 
covid-19 vaccination. Protection against covid-19 
related hospital admission and death was substantial 
up to 26 weeks after the second vaccination, even 
in older and clinically vulnerable people. Finally, 
cessation of freely available population based testing 
programmes is likely to limit applications of the test 
negative case-control study design, which has to date 
provided rapid estimates of vaccine effectiveness. By 
contrast, cohort approaches based on detailed linked 
electronic health record data, such as were used in 
this study, will remain feasible for severe covid-19 
outcomes.
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Information governance: Patient data have been pseudonymised for 
analysis and linkage using industry standard cryptographic hashing 
techniques; all pseudonymised datasets transmitted for linkage onto 
OpenSAFELY are encrypted; access to the platform is via a virtual 
private network connection, restricted to a small group of researchers; 
the researchers hold contracts with NHS England and access the 
platform only to initiate database queries and statistical models; all 
database activity is logged; only aggregate statistical outputs leave 
the platform environment following best practice for anonymisation of 
results such as statistical disclosure control for low cell counts.37 The 
OpenSAFELY research platform adheres to the obligations of the UK 
General Data Protection Regulation and the Data Protection Act 2018. 
In March 2020 the Secretary of State for Health and Social Care used 
powers under the UK Health Service (Control of Patient Information) 
Regulations 2002 to require organisations to process confidential 
patient information for the purposes of protecting public health, 
providing healthcare services to the public, and monitoring and 
managing the covid-19 outbreak and incidents of exposure; this sets 
aside the requirement for patient consent.38 Taken together, these 
provide the legal basis to link patient datasets on the OpenSAFELY 
platform. Primary care practices, from which the primary care data are 
obtained, are required to share relevant health information to support 
the public health response to the pandemic and have been informed 
of the OpenSAFELY analytics platform.
Dissemination to participants and related patient and public 
communities: We plan to present our findings at national and 
international conferences. The results of the research will be 
disseminated to study participants (the whole population) through 
press releases, lay summaries on study websites, and discussion with 
groups of patients and the public advising the covid-19 National Core 
Studies. We have developed a publicly available website (https://
opensafely.org/) through which we invite any patient or member 
of the public to contact us regarding this study or the broader 
OpenSAFELY project.
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