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Abstract 

Background  

In September 2021, the UK Government introduced a booster programme targeting individuals over 

50 and those in a clinical risk group. Individuals were offered either a full dose of the BNT162b2 

(Comirnaty, Pfizer-BioNTech) vaccine or a half dose of the mRNA-1273 (Spikevax, Moderna) vaccine, 

irrespective of the vaccine received as the primary course 

Methods  

We used a test-negative case-control design to estimate the Vaccine Effectiveness (VE) of the 

booster dose BNT162b2 (Comirnaty, Pfizer-BioNTech) in those aged over 50 against symptomatic 

disease in post booster time intervals compared to individuals at least 140 days post a second dose 

with no booster dose recorded. In a secondary analysis, we also compared to unvaccinated 

individuals and to the 2 to 6 day period after a booster dose was received.  Analyses were stratified 

by which primary doses had been received and any mixed primary courses were excluded. 

Results  

The relative VE estimate in the 14 days after the BNT162b2 (Comirnaty, Pfizer-BioNTech) booster 

dose, compared to individuals that received a two-dose primary course, was 87.4 (95% confidence 

interval 84.9-89.4) in those individuals who received two doses ChAdOx1-S (Vaxzevria, AstraZeneca) 

as a primary course and 84.4 (95% confidence interval 82.8-85.8) in those individuals who received 

two doses of BNT162b2 (Comirnaty, Pfizer-BioNTech) as a primary course. Using the 2-6 day period 

post the booster dose as the baseline gave similar results. The absolute VE from 14 days after the 

booster, using the unvaccinated baseline, was 93.1(95% confidence interval 91.7-94.3) in those with 

ChAdOx1-S (Vaxzevria, AstraZeneca) as their primary course and  94.0 (93.4-94.6) for BNT162b2 

(Comirnaty, Pfizer-BioNTech) as their primary course. 

Conclusions 

Our study provides real world evidence of significant increased protection from the booster vaccine 

dose against symptomatic disease in those aged over 50 year of age irrespective of which primary 

course was received.   
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Background 
Real world effectiveness data demonstrated high levels of short-term protection by COVID-19 

vaccines against clinical disease and, more so, against severe outcomes including hospitalization and 

death (1-7). Nevertheless, there is now evidence that protection against symptomatic disease wanes 

over time (8, 9). Booster doses have now been implemented in the UK in order to combat the rise in 

COVID-19 cases and the additional threat of the winter 2021 influenza season.  

 We recently reported that vaccine effectiveness against symptomatic disease peaked in the early 

weeks after the second dose and then fell to 47.3 (95% CI 45 to 49.6) and 69.7 (95% CI 68.7 to 70.5) 

by 20+ weeks against the Delta variant for ChAdOx1-S (Vaxzevria, AstraZeneca) and Pfizer-BioNTech 

(BNT162b2/ Comirnaty®), respectively. Vaccine effectiveness against severe disease outcomes 

remained high to 20+ weeks after vaccination in most groups, nevertheless, greater waning was 

seen in older adults and those with underlying medical conditions compared to young, healthy 

adults (8). 

In the UK, COVID-19 booster vaccines were introduced on 14 September 2021. Using evidence from 

the COV-BOOST trial, which demonstrated that the mRNA vaccines provide a strong booster effect 

with low reactogenicity , regardless of the vaccine given in the primary course  (10), the UK Joint 

Committee on Vaccination and Immunisation (JCVI) recommended either a BNT162b2 or a half dose 

(50µg) of mRNA-1273 (Spikevax, Moderna) vaccine to be given as a booster dose no earlier than 6 

months after completion of the primary vaccine course (10). In this initial phase of the UK booster 

programme the following groups were eligible: all adults over 50 and those 16-49 years with 

underlying health conditions that put them at higher risk of severe COVID-19, adult carers and adult 

household contacts (aged 16 or over) of immunosuppressed individuals, and healthcare workers.  

In this study, we aimed to estimate the effectiveness of booster vaccination against symptomatic 

disease in adults aged 50 years and older. 

Methods  
Study Design 
We used a test-negative case-control design to estimate vaccine effectiveness of a booster dose of 

BNT162b2 vaccine against PCR-confirmed symptomatic disease.   We compared vaccination status in 

symptomatic adults over 50 years of age with PCR-confirmed SARS-COV-2 infection with the 

vaccination status in individuals which reported symptoms but had a negative SARS-COV-2 PCR test.  

As mRNA-1273 vaccine, as a primary course, was not made available until later in the vaccine 

programme insufficient time had elapsed for a booster dose to be indicated in this group In addition, 

there were very few individuals that had received the half dose (50µg) of mRNA-1273 vaccine as a 

booster dose so we were unable to assess the VE of this vaccine in our study.  

Data Sources 
Vaccination data 
The National Immunisation Management System (NIMS) (11)  contains some demographic 

information on the whole population of England who are registered with a GP in England and is used 

to record all COVID-19 vaccinations. These data were accessed on 01 November 2021. The 

information used from NIMS was all dates of COVID-19 vaccination, vaccine manufacturer for each 

dose.  Demographic data such as sex, date of birth, ethnicity, and residential address was extracted. 

Addresses were used to determine index of multiple deprivation quintile and were also linked to 

Care Quality Commission registered care homes using the unique property reference number. NIMS 
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also contained data on geography (NHS region), risk groups status, clinically extremely vulnerable, 

and health/social care worker.  

Booster doses were identified as being a third dose 140 days or more after a second dose and given 

after 13th September 2021. Individuals with four or more doses of vaccine, a mix of vaccines in their 

primary schedule or less than 19 days between their first and second dose were excluded.   

COVID-19 testing data 

SARS-CoV-2 Testing Polymerase-chain-reaction (PCR) testing for SARS CoV-2 in the United Kingdom 

is undertaken by hospital and public health laboratories, as well as by community testing with the 

use of drive through or at-home testing, which is available to anyone with symptoms consistent with 

Covid-19 , is a contact of a confirmed case, for care home staff and residents or who has self-tested 

as positive using a lateral flow device.  Initially data on all positive and negative tests for the period 

08 December 2020 to 29 October 2021 were extracted for individuals aged ≥ 50 years on 31 August 

2021. Any negative tests taken within 7 days of a previous negative test, or where symptoms were 

recorded, with symptoms within 10 days of symptoms for a previous negative test were dropped as 

these likely represent the same episode.  Negative tests taken within 21 days before a positive test 

were also excluded as these are likely to be false negatives.  Positive and negative tests within 90 

days of a previous positive test were also excluded.  Participants contributed a maximum of four 

randomly chosen negative test results in the follow-up period. Data were restricted to persons who 

had reported symptoms and gave an onset date. Only persons who had undergone testing within 10 

days after symptom onset were included in order to account for reduced sensitivity of PCR testing 

beyond this period.  A small number of positive samples where sequencing was done and they were 

found not to be the Delta variant were excluded. Finally, only samples taken from 13 September 

2021 (week 37, 2021) were retained for analysis. 

Linkage of testing data to NIMS 

Testing data were linked to NIMS on 01 November 2021 using combinations of National Health 

Service number (a unique identifier for each person receiving medical care in the United Kingdom), 

date of birth, surname, first name, and postcode using deterministic linkage with >95.5% 

uniqueness. The NIMS denominator file included information on potential confounding variables 

related to targeted populations. 

Statistical analysis 
Analysis was by logistic regression with the PCR test result as the dependent variable where those 

testing positive are cases and those testing negative controls. Vaccination status was included as an 

independent variable and effectiveness defined as 1- odds of vaccination in cases/odds of 

vaccination in controls. 

Vaccine effectiveness was adjusted in logistic regression models for age (5 year bands), sex, index of 

multiple deprivation (quintile), ethnic group, care home residence status, geographic region (nhs 

region), period (calendar week of onset), health and social care worker status, clinical risk group 

status, clinically extremely vulnerable, severely immunosuppressed, and previously testing positive . 

These factors were all considered potential confounders so were included in all models.  

Analyses were stratified by which primary doses had been received, ChAdOx1-S or BNT162b2 and 

any mixed primary courses were excluded. Vaccine effectiveness was assessed for each primary 

course of vaccine with a BNT162b2 booster in 0-1, 2-6, 7-13, 14+ day post booster vaccine intervals. 

In the primary analysis, those that had received the booster were compared to individuals who had 

received two primary doses with at least 140 days prior to the onset but with no booster dose 

recorded. In secondary analyses, we also compare to completely unvaccinated individuals and to the 
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2-6 day period after the booster was received. The 2-6 day period was selected after plotting the 

data on case and control numbers after the booster dose and to avoid days 0 and 1 post booster 

when vaccine reactogenicity may affect the case-control ratio (figure 1). The analyses comparing to 

two doses or the 2-6 day post booster period measures relative effectiveness to two doses, whilst 

the comparison to unvaccinated is absolute effectiveness of two doses and a booster. In the analysis 

comparing to unvaccinated we also assessed the remaining effectiveness of two doses at least 140 

days (20 weeks) post second dose. 

Results 
Descriptive Statistics and characteristics 

From week 37 onwards there were a total of 271,747 eligible tests in those aged 50 years and over, 

with a test date within 10 days of their symptom onset date and had linked to the National 

Immunisation Management system, with a 95.7% match rate.  Of these 13,569 (5.0%) were 

unvaccinated, 149,434 received ChAdOx1-S 140 days post a second dose, 84,506 received BNT162b2 

140 days post a second dose. Of those that had received a booster dose BNT162b2 6,716 had 

received an ChAdOx1-S primary course and 17,521 received a BNT162b2 primary course. A 

description of the test positive and negative cases is given in Table 1. 

Vaccine effectiveness estimates 

An overall effect on the proportion of cases and controls can be seen from around day 7 after the 

booster dose and stabilises at day 11 (figure 1).  Vaccine effectiveness of a BNT162b2 booster dose 

relative to those that had received only two doses was 87.4% (95% confidence interval 84.9-89.4) 

where the primary course was ChAdOx1-S and 84.4% (95% confidence interval 82.8-85.8) where 

BNT162b2 was used as the primary course (table 2 & figure 2). 

In the secondary analysis, which used the 2-6 day period post the booster dose as the baseline 

similar results were reported to the primary analysis with a relative VE from 14 days after the 

booster dose of 85.5% (95% confidence interval 82.4 -88.1) for ChAdOx1-S and 82.6% (95% 

confidence interval 80.6-84.5) for BNT162b2 as the primary course (table 2 & figure 3).  In the 

analysis using the unvaccinated individuals as the baseline, the booster dose was associated with an 

absolute VE from 14 days after vaccination to 93.1% (95% confidence interval 91.7-94.3) after an 

ChAdOx1-S primary course and 94.0 (95% confidence interval 93.4-94.6) after a BNT162b2 primary 

course (table 2 & figure 4). In the analysis using the unvaccinated baseline the effectiveness of two 

doses of ChAdOx1-S and BNT162b2   ≥20 weeks after being given were 44.1% and 62.5%, 

respectively (table 2 & figure 4). 

Discussion 
Key findings 
This study provides evidence of a significant increase in protection against symptomatic COVID-19 

with a booster dose of BNT162b2  following a primary course of either BNT162b2 or ChAdOx1-S in 

adults aged 50 years and older. Vaccine effectiveness was very similar for either priming vaccine. 

 

Interpretation 
These findings suggest that the booster offers very high levels of protection against symptomatic 

disease, at least in the short-term. Given the recent deployment of the booster programme in the 

UK, further follow-up is needed to understand how protection changes over time against both mild 

and severe disease. The slightly lower relative VE estimates of the booster in individuals with 
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BNT162b2  as a primary course compared to the ChAdOx1-S in the primary analysis is likely due to 

the different baseline with higher VE after 2 doses of BNT162b2  as compared to ChAdOx1-S (8). 

When using unvaccinated controls, there was little difference in observed vaccine effectiveness of 

the booster dose with either primary course. We also observed a peak in testing at day 1 after the 

booster dose which is likely to be reactogenicity effects so shortly after the vaccine, as has been 

reported previously (12). 

 

Comparison with existing literature. 
In Israel a booster programme began in July 2021. Bar-On et al reported an adjusted rate ratios of 

11.3 (10.4-12.3) against confirmed infection  in booster dose recipients compared to those who 

received only 2 doses (equivalent to relative vaccine effectiveness of 91.2%) (13). This is slightly 

higher than the relative vaccine effectiveness that we report, which could reflect lower 2 dose 

vaccine effectiveness in the comparison group in Israel where a greater degree of waning has 

previously been reported. (9, 14, 15)Even greater protection has been reported in Israel against 

severe disease.(16)(13) 

 

Limitations 
This is an observational study with a number of possible biases and should be interpreted with 

caution.  The imperfect sensitivity PCR testing could cause misclassification of both cases and 

controls, which could attenuate vaccine effectiveness estimates. Many individuals will also have 

been previously infected so the VE measured is in the context of a population where many have 

already had natural exposure. We adjust for measured confounders, however, there may be residual 

confounding that we could not account for. Nevertheless, the similarity of the VE estimates using 

those with two doses and no booster as the baseline and using the 2-6 day period post booster as 

the baseline suggests that residual confounding is small. Use of the unvaccinated as a comparator to 

obtain absolute effectiveness is most susceptible to residual confounding as the totally unvaccinated 

population may differ in many ways to those who have had vaccine doses, many of which may lead 

to underestimation of VE (8). Despite this potential underestimation, using the unvaccinated 

comparator the absolute VE estimates were over 93%. Due to small numbers at this early stage of 

the booster roll out this study only assesses symptomatic disease, there is currently insufficient 

follow-up to estimate the effects on severe disease which leads to hospitalisation and death.   For 

the same reason we are only able to report the early effects of the booster programme and it is not 

yet clear how long protection against COVID-19 following booster vaccination will last.  

In these analyses, we were unable to report on the half dose (50µg) of mRNA-1273 vaccine due to 

low numbers as the majority of booster doses given in this period were BNT162b2 . We were unable 

to assess the VE in all those targeted for a booster dose such as individuals with underlying health 

conditions, adult carers and adult household contacts of immunosuppressed individuals due to small 

numbers and difficultly identifying these individuals with the dataset.  

Conclusions 

Our study provides real world evidence of significant increased protection from the booster dose 

against symptomatic disease in those aged over 50 year of age irrespective of which primary course 

was received. This indicates that a high level of protection is achieved among older adults who are 

more vulnerable to severe COVID-19. This will be important in the 2021 to 2022 winter period when 

COVID-19 is likely to co-circulate alongside other respiratory viruses, including seasonal influenza 

virus.  
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Table 1: Descriptive characteristics of positive and negative test results in individuals tested for SARS-CoV-2 in Engla

the study population. * 

 

 
Overall Positive Negative 

 
n % n % n % 

Factor Level  271,747  100.0% 

 

106,196  39.1%  165,551  60.9% 

V
a
c
c
in
a
ti
o
n
 S
ta
tu
s 
a
n
d
 i
n
te
rv
a
ls
 a
ft
e
r 

v
a
c
c
in
e
 

Unvaccinated 13,569 5.0% 7,266 6.8%  6,303  3.8% 

AZ dose 2: 140+ 149,434 55.0% 66,433 62.6%  83,001  50.1% 

PF dose 2:140+ 84,506 31.1% 26,735 25.2%  57,771  34.9% 

MD dose 2:140+ 1 0.0% 0.0%  1  0.0% 

AZ primary /PF 

booster: 0-13 days 5,450 2.0% 2104 2.0%  3,346  2.0% 

AZ primary /PF 

booster: 14+ days 1,266 0.5% 138 0.1%  1,128  0.7% 

PF primary /PF 

booster: 0-13 days 11,616 4.3% 3,002 2.8%  8,614  5.2% 

PF primary /PF 

booster: 14+ days 5,905 2.2% 518 0.5%  5,387  3.3% 

A
g
e
 

G
ro
u
p
 50-64 13,882 5.1% 5,180 4.9%  8,702  5.3% 

65-79 86,664 31.9% 36,517 34.4%  50,147  30.3% 

80+ 171,201 63.0% 64,499 60.7%  106,702  64.5% 

G
e
n
d
e
r Female  161,997  59.6%  55,835  52.6%  106,162  64.1% 

Male  109,452  40.3%  50,254  47.3%  59,198  35.8% 

Missing  298  0.1%  107  0.1%  191  0.1% 

E
th
n
ic
it
y
 

African 1,357 0.5% 421 0.4%  936  0.6% 

Another Asian 

background 2,082 0.8% 655 0.6%  1,427  0.9% 

Another Black 

background 252 0.1% 87 0.1%  165  0.1% 

Another ethnic 

background 1,191 0.4% 347 0.3%  844  0.5% 

Arab 471 0.2% 146 0.1%  325  0.2% 

Bangladeshi 739 0.3% 284 0.3%  455  0.3% 

Caribbean 1,763 0.6% 754 0.7%  1,009  0.6% 

Chinese 619 0.2% 217 0.2%  402  0.2% 

Indian 8,080 3.0% 2,621 2.5%  5,459  3.3% 

Mixed or multiple 

ethnic groups 1,827 0.7% 622 0.6%  1,205  0.7% 

Pakistani 2,632 1.0% 937 0.9%  1,695  1.0% 

Prefer not to say 7,575 2.8% 2,704 2.5%  4,871  2.9% 

White 243,159 89.5% 96,401 90.8%  146,758  88.6% 

N
H
S
 

R
e
g
io
n
 East of England 30,397 11.2% 11,732 11.0%  18,665  11.3% 

London 24,710 9.1% 8,338 7.9%  16,372  9.9% 

Midlands 54,590 20.1% 21,790 20.5%  32,800  19.8% 
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North East 49,106 18.1% 20,984 19.8%  28,122  17.0% 

North West 40,584 14.9% 15,713 14.8%  24,871  15.0% 

South East 39,594 14.6% 14,905 14.0%  24,689  14.9% 

South West 32,766 12.1% 12,734 12.0%  20,032  12.1% 

IM
D
 Q
u
in
ti
le
s
 

1 38,992 14.3% 15,448 14.5%  23,544  14.2% 

2 46,788 17.2% 18,365 17.3%  28,423  17.2% 

3 56,315 20.7% 22,291 21.0%  34,024  20.6% 

4 63,084 23.2% 24,715 23.3%  38,369  23.2% 

5 66,117 24.3% 25,207 23.7%  40,910  24.7% 

Missing 451 0.2% 170 0.2%  281  0.2% 

Vaccine 

priority 

groups 

Heathcare worker  16,266  6.0%  3,364  3.2%  12,902  7.8% 

CEV  35,516  13.1%  11,937  11.2%  23,579  14.2% 

Carehome Resident 1,164 0.4%  329  0.3%  835  0.5% 

Immunosuppressed 6,357 2.3%  2,202  2.1%  4,155  2.5% 

At risk  75,692  9.8%  26,511  25.0%  49,181  29.7% 

Tested Positive >90 

days previously  5,406  0.3%  943  0.9%  4,463  2.7% 

 

* test or onset date from week 37 onwards in those aged 50 years and over with a sample date within 10 days of 

symptom onset.  

AZ: ChAdOx1-S (Vaxzevria, AstraZeneca), PF: BNT162b2 (Comirnaty, Pfizer-BioNTech) 

 

 

Table 2: Vaccine effectiveness against symptomatic disease for the BNT162b2 (Comirnaty, Pfizer-BioNTech) 

booster vaccine in England. Table values are VE (95% CI).  

 

Primary Course 

(with second 

dose 140+ days 

before) 

 

Interval 

since PF 

Booster Controls Cases 

rVE (140+ days post 

dose 2 baseline) 

rVE (dose 3: 2-6 

days post booster 

baseline) 

VE (unvaccinated 

baseline) 

Unvaccinated No booster 6303 7266 
 

baseline 

2AZ  No booster 83001 66433 Baseline 44.1 (41.9 to 46.1) 

2AZ 0-1 days 694 611 -0.3 (-12.3 to 10.4) 44.9 (38 to 51) 

2AZ 2-6 days 1328 1095 12.9 (5.3 to 19.9) baseline 52.4 (47.9 to 56.5) 

2AZ 7-13 days 1324 398 68.3 (64.4 to 71.7) 63.6 (58.1 to 68.3) 82.8 (80.6 to 84.7) 

2AZ 14+ days 1128 138 87.4 (84.9 to 89.4) 85.5 (82.4 to 88.1) 93.1 (91.7 to 94.3) 

2PF No booster 57771 26735 Baseline 62.5 (61.0 to 63.9) 

2PF 0-1 days 1422 758 -7.1 (-17.5 to 2.4) 59.5 (55.3 to 63.3) 

2PF 2-6 days 3167 1525 9.9 (3.8 to 15.7) baseline 65.8 (63.2 to 68.2) 

2PF 7-13 days 4025 719 68.3 (65.5 to 70.8) 64.8 (61 to 68.2) 87.9 (86.7 to 88.9) 

2PF 14+ days 5387 518 84.4 (82.8 to 85.8) 82.6 (80.6 to 84.5) 94.0 (93.4 to 94.6) 
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AZ: ChAdOx1-S (Vaxzevria, AstraZeneca), PF: BNT162b2 (Comirnaty, Pfizer-BioNTech), VE: vaccine effectiveness 

compared to zero doses, rVE: relative vaccine effectiveness compared to dose 2 (either 140+ days post dose 2 with 

no booster or 140+ days post dose 2 and 2-6 days after he booster). 

 

Figure 1: Cases and controls by interval from booster to onset 
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Figure 2: Relative vaccine effectiveness estimates in time intervals post booster according to primary course:  140+ days post dose 2 as baselin

0% VE) 

 

Figure 3: Relative vaccine effectiveness estimates in time intervals post booster according to primary course:  2-6 days post booster as baselin

0% VE) 
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Figure 4: Vaccine Effectiveness estimates for at least 140 days post dose 2 (given with no booster) or for time intervals post dose  3 (booster) 

to primary course:  Unvaccinated as baseline  

 

according 
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