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Background: The two most common SARS-CoV-2 vaccines in the UK,
BNT162b2 (Pfizer-BioNTech) and ChAdOx1 nCoV-19 (Oxford-
AstraZeneca), employ different immunogenic mechanisms. Compared
to BNT162b2, two-dose immunisation with ChAdOx1 induces
substantially lower peak anti-spike antibody (anti-S) levels and is
associated with a higher risk of breakthrough infections. To provide
preliminary indication of how a third booster BNT162b2 dose impacts
anti-S levels, we performed a cross-sectional analysis using capillary
blood samples from vaccinated adults participating in Virus Watch, a
prospective community cohort study in England and Wales.

Methods: Blood samples were analysed using Roche Elecsys Anti-
SARS-CoV-2 S immunoassay. We analysed anti-S levels by week since
the third dose for vaccines administered on or after 1 September 2021
and stratified the results by second-dose vaccine type (ChAdOx1 or
BNT162b2), age, sex and clinical vulnerability.

Results: Anti-S levels peaked at two weeks post-booster for BNT162b2
(22,185 U/mL; 95%CI: 21,406-22,990) and ChAdOx1 second-dose
recipients (19,203 U/mL; 95%CI: 18,094-20,377). These were higher
than the corresponding peak antibody levels post-second dose for
BNT162b2 (12,386 U/mL; 95%CI: 9,801-15,653, week 2) and ChAdOx1
(1,192 U/mL; 95%CI: 818-1735, week 3). No differences emerged by
second dose vaccine type, age, sex or clinical vulnerability. Anti-S
levels declined post-booster for BNT162b2 (half-life=44 days) and
ChAdOx1 second dose recipients (half-life=40 days). These rates of
decline were steeper than those post-second dose for BNT162b2 (half-
life=54 days) and ChAdOx1 (half-life=80 days).
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Conclusions: Our findings suggest that peak anti-S levels are higher
post-booster than post-second dose, but levels are projected to be
similar after six months for BNT162b2 recipients. Higher peak anti-S
levels post-booster may partially explain the increased effectiveness of
booster vaccination compared to two-dose vaccination against
symptomatic infection with the Omicron variant. Faster waning
trajectories post-third dose may have implications for the timing of
future booster campaigns or four-dose vaccination regimens for the
clinically vulnerable.
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Introduction

Breakthrough SARS-CoV-2 infections in individuals who
have received two doses of a COVID-19 vaccine are now rou-
tinely reported'”. These are partially attributed to anti-spike
antibody (anti-S) waning within several months of receiv-
ing the second dose and to the emergence of new variants®®.
Consequently, the UK government initiated a booster vaccina-
tion campaign, initially targeting people over the age 50, adults
deemed clinically vulnerable to severe COVID-19 outcomes,
care home residents, frontline health workers, and household
contacts of immunocompromised individuals’. This was sub-
sequently expanded to the entire adult population following
the emergence of the immune-evasive Omicron (B1.1.529)
variant®.

The two most commonly-used vaccines in the UK, BNT162b2
(Pfizer—BioNTech) and ChAdOxl1 nCoV-19 (Oxford-Astra-
Zeneca), employ different immunogenic mechanisms. Com-
pared to BNT162b2, two-dose immunisation with ChAdOx1
induces substantially lower peak antibody levels and is
associated with a higher risk of breakthrough infections’.

To provide preliminary indication of how a third booster
BNT162b2 dose impacts anti-S levels, we performed a cross-
sectional analysis using capillary blood samples from vaccinated
adults (aged =18 years) participating in Virus Watch, a prospective
community cohort study in England and Wales'’. Virus Watch
received ethical approval from the Hampstead NHS Health
Research Authority Ethics Committee (20/HRA/2320). Writ-
ten informed consent for the collection and use of data was
obtained from participants.

Methods

Sera were tested for antibodies to the S1 subunit of the wild-type
SARS-CoV-2 spike protein (range 0.4-25000 units per mL
[U/mL]) using the Elecsys Anti-SARS-CoV-2 S immunoassay,
and for antibodies to the full-length nucleocapsid protein as
a proxy for prior SARS-CoV-2 infection (specificity 99.8%
[99.3-100]) using the N electro-chemiluminescent immunoassay
(Roche Diagnostics, Basel, Switzerland). Serological results
were linked with demographic and clinical information col-
lected at registration and with weekly self-reported vaccination
status.

We analysed anti-S levels by week since the third dose for
vaccines administered on or after September 1, 2021 and
stratified the results by second dose vaccine type (ChAdOx1
or BNT162b2), age, sex and clinical vulnerability (defined in
Table 2 and Table 3). Individuals who had previously submit-
ted blood samples that were seropositive for anti-Nucleocapsid
antibodies were excluded. We also compared anti-S levels
post-second dose to those post-booster. To avoid ceiling effects
due to samples falling above the 25,000 U/mL threshold, for
each week we computed the median value of log anti-S levels
as an approximation of the geometric mean. This median
value remains accurate as on any given week, over 50% of the
post-booster samples had antibody levels below the 25,000 U/ml
threshold. Median absolute difference in the log space was
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then used to approximate the standard error for calculation of
95% confidence intervals around the medians''. Anti-S level
half-lives were obtained by performing linear regression on
the log values of the weekly median estimates.

Results

In the post-booster cohort, 4,682 adults submitted one or more
valid samples between 18 August 2021 and 6 January 2022
(7,406 total samples). In the post-second dose cohort, 8,680
adults submitted one or more valid samples between 1 July
2021 and 6 January 2022 (24,271 total samples). Table 1 shows
demographic and clinical characteristics of the two cohorts.

Anti-S levels peaked at two weeks post-booster for BNT162b2
(22,185 U/mL; 95%CI: 21,406-22,990) and ChAdOx1 second
dose recipients (19,203 U/mL; 95%CI: 18,094-20,377). These were
higher than the corresponding peak antibody levels post-second
dose for BNT162b2 (12,386 U/mL; 95%CI: 9,801-15,653, week
2) and ChAdOx! (1,192 U/mL; 95%CI: 818-1735, week 3)
(Figure 1). As 41.3% of BNT162b2 and 33.6% of ChAdOxl
peak-level samples equalled or exceeded the 25,000 U/mL
measurement threshold (Figure 2), the width of the correspond-
ing confidence intervals may be underestimated and the lack
of overlap should be interpreted cautiously; median estimates
are unaffected. No differences emerged by second dose vaccine
type, age, sex or clinical vulnerability (Figure 1 and Figure 3).

Table 1. Demographic and clinical characteristics of the
post-second dose and post-booster cohorts.

Third (booster) Second dose

dose cohort cohort

Number of participants 4,682 8,680
Age group

18-64 1,971 (42%) 4,500 (52%)

65+ 2,711 (58%) 4,180 (48%)
Sex

Female 2,719 (58%) 5,004 (58%)

Male 1,957 (42%) 3,666 (42%)

Other/Missing 6 (0.1%) 10 (0.1%)
Clinical vulnerability

Clinically extremely 715 (15%) 1,207 (14%)

vulnerable

Clinically vulnerable 1,293 (28%) 2,352 (27%)

Not clinically vulnerable 2,674 (57%) 5,121 (59%)

2nd dose vaccine type

BNT162b2 1,871 (40%) 3,119 (36%)
ChAdOx1 2,778 (59%) 5,449 (63%)
Other/Missing 33 (0.7%) 112 (1.3%)
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Table 2. Clinically extremely vulnerable classification. Individuals were categorised as extremely clinically vulnerable using
criteria set out by Public Health England (PHE) and the Department of Health and Social Care (DHSC) as part of the guidance
for shielding, which were adapted in line with clinical variables collected through the Virus Watch baseline survey, as follows:

Clinically extremely vulnerable (CEV) criteria as per PHE/DHSC

Solid organ transplant recipients
Cancer undergoing active chemotherapy

Cancers undergoing radical radiotherapy

Cancer of blood or bone marrow
Immunotherapy or antibody treatments for cancer
Targeted cancer therapies affecting the immune system

Bone marrow or stem cell transplant in last six months or still taking
immunosuppressive drugs

Severe respiratory conditions including all cystic fibrosis, severe asthma and
severe chronic obstructive pulmonary disease (COPD)

Rare diseases that significantly increase the risk of infections (such as severe
combined immunodeficiency (SCID), homozygous sickle cell disease)

Immunosuppressive therapies sufficient to significantly increase risk of infection
Problems with spleen, including splenectomy

Down'’s syndrome

Chronic kidney disease Stage 5 or on renal dialysis

Pregnancy with significant heart disease

Others classified as clinically extremely vulnerable

Inclusion in Virus Watch clinically
extremely vulnerable (CEV) definition

Included
Included

All radiotherapy included (radical
radiotherapy was not ascertained)

Included
Included
Included

Included

Included

Included

Included
Included

Not included in CEV as not distinguished
from other learning disabilities.

All CKD was included (stage was not
ascertained)

Included

Included

Table 3. Clinically vulnerable classification. Individuals were categorised as clinically vulnerable (CV) using
criteria set out by the Joint Committee on Vaccination and Immunisation (JCVI), excluding those who met the
superseding clinically extremely vulnerable (CEV) criteria. Clinical vulnerability criteria were adapted in line with

clinical variables collected through the Virus Watch baseline survey, as follows:

Clinically vulnerable (CV) criteria as per JCVI

chronic respiratory disease, including chronic obstructive
pulmonary disease (COPD), cystic fibrosis and severe asthma

chronic heart disease (and vascular disease)
chronic kidney disease

chronic liver disease

chronic neurological disease including epilepsy
Down'’s syndrome

Severe and profound learning disability

Diabetes

Solid organ, bone marrow and stem cell transplant recipients

Inclusion in Virus Watch CV definition

Included, except those that met CEV criteria

Included

Included, except those that met CEV criteria
Included

Included

Included as part of broader learning disabilities

All learning disabilities included (severity was
not ascertained)

Included

Not included (included in CEV)

Page 4 of 7


https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19
https://www.gov.uk/government/publications/guidance-on-shielding-and-protecting-extremely-vulnerable-persons-from-covid-19
https://www.gov.uk/government/publications/priority-groups-for-coronavirus-covid-19-vaccination-advice-from-the-jcvi-30-december-2020

Wellcome Open Research 2022, 7:181 Last updated: 07 JUL 2022

Clinically vulnerable (CV) criteria as per JCVI Inclusion in Virus Watch CV definition
People with specific cancers Included, except those that met CEV criteria
Immunosuppression due to disease or treatment Included, except those that met CEV criteria
Asplenia and splenic dysfunction Not included (included in CEV)

Morbid obesity Included

Severe mental illness Included
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Figure 1. Anti-S levels (U/mL) over time since BNT162b2 booster dose (D2+D3) and second vaccine dose (D2) amongst
N-seronegative individuals by second dose vaccine type.
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Figure 2. Proportion of post-booster samples exceeding 25,000 U/mL for second dose BNT162b2 and ChAdOXx1 recipients.
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Figure 3. Anti-S levels (U/mL) over time since BNT162b2 booster dose amongst N-seronegative individuals by second dose
vaccine type and age, sex and clinical risk group.
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Anti-S levels declined post-booster for BNT162b2 (half-
life=44 days) and ChAdOx1 second dose recipients (half-
life=40 days). These rates of decline were steeper than those
post-second dose for BNT162b2 (half-life=54 days) and ChAdOx1
(half-life=80 days). For BNT162b2 second dose recipients,
median anti-S levels at 26 weeks were predicted to be 1,487 U/mL
post-booster compared to 1,285 U/mL at 26 weeks after the
second dose.

Discussion

Our findings suggest that peak anti-S levels are higher post-
booster than post-second dose, but that levels are projected to
be similar after six months for BNT162b2 recipients. No differ-
ences in post-booster antibody levels emerged by second dose
vaccine type. This finding contrasts with antibody responses
post-second dose, which were substantially lower for ChAdOx1
than BNT162b2 recipients. The magnitude and trajectory of
post-booster anti-S response was similar across age groups and
by clinical vulnerability status. Higher peak anti-S levels post-
booster may partially explain the increased effectiveness of
booster vaccination compared to two-dose vaccination against
symptomatic infection with the Omicron variant.

We measured antibody levels using an assay developed against
earlier strains of COVID-19 and did not measure neutralising
antibody levels. Due to immune escape, higher circulating anti-
body levels are likely to be needed to protect against Omicron
variant infection compared to previous strains. It should also
be noted that immune mechanisms other than circulating anti-
body levels such as T and B cell memory responses are likely
to partially mediate protection against severe disease'*'".
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Anti-S levels also appeared to wane faster following the booster
dose; however, ten weeks after vaccination, these remained
above previously estimated thresholds for breakthrough
infection with the Delta variant due to higher peak levels’.
Thresholds for breakthrough infection with the Omicron vari-
ant are currently unknown. Faster waning trajectories post-third
dose may have implications for the timing of future booster
campaigns or four-dose vaccination regimens for the clinically
vulnerable. Despite a faster waning trajectory, booster vaccina-
tion appears to substantially enhance anti-S levels - and likely
consequent protection against symptomatic infection and severe
outcomes - to a uniform degree across age and clinical risk
groups.

Data availability

Underlying data

We aim to share aggregate data from this project on our
website and via a “Findings so far” section on our website.
We are sharing individual record-level data on the Office of
National Statistics Secure Research Service, and given the
sensitive content in our dataset for this study, we cannot
release the data at the individual level. In sharing the data we
will work within the principles set out in the UKRI Guidance
on best practice in the management of research data. Access to
use of the data whilst research is being conducted will be man-
aged by the Chief Investigators (ACH and RWA) in accord-
ance with the principles set out in the UKRI guidance on best
practice in the management of research data. Data access
requests can also be made directly to the Virus Watch chief
investigators (ACH or RWA) at the following email address:
viruswatch@ucl.ac.uk.
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