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Abstract
Background 
A single dose strategy may be adequate to confer population level immunity and protection against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, especially in low- and middle-income countries where vaccine supply remains limited. We compared the effectiveness of a single dose strategy of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines against SARS-CoV-2 infection across all age groups and over an extended follow-up period.

Methods
Individuals vaccinated in North-West London, UK, with either the first dose of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines between January 12, 2021 to March 09, 2021, were matched to each other by demographic and clinical characteristics. Each vaccinated individual was additionally matched to an unvaccinated control. Study outcomes included SARS-CoV-2 infection of any severity, COVID-19 hospitalisation, COVID-19 death, and all-cause mortality. 

Findings 
Amongst matched individuals, 63,608 were in each of the vaccine groups and 127,216 were unvaccinated. Between 14-84 days of follow-up after matching, there were 534 SARS-CoV-2 infections, 65 COVID-19 hospitalisations, and 190 deaths, of which 29 were categorized as due to COVID-19. The incidence rate ratio (IRR) for SARS-CoV-2 infection was 0.85 (95% confidence interval [CI], 0.69 to 1.05) for Oxford-Astra-Zeneca, and 0.69 (0.55 to 0.86) for Pfizer-BioNTech. The IRR for both vaccines was the same at 0.25 (0.09 to 0.55) and 0.14 (0.02 to 0.58) for reducing COVID-19 hospitalization and COVID-19 mortality, respectively. The IRR for all-cause mortality was 0.25 (0.15 to 0.39) and 0.18 (0.10 to 0.30) for the Oxford-Astra-Zeneca and Pfizer-BioNTech vaccines, respectively. Age was an effect modifier of the association between vaccination and SARS-CoV-2 infection of any severity; lower hazard ratios for increasing age. 

Interpretation 
A single dose strategy, for both vaccines, was effective at reducing COVID-19 mortality and hospitalization rates. The magnitude of vaccine effectiveness was comparatively lower for SARS-CoV-2 infection, although this was variable across the age range, with higher effectiveness seen with older adults. Our results have important implications for health system planning -especially in low resource settings where vaccine supply remains constrained.
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Research in context 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Evidence before this study  
Electronic searches of MEDLINE, EMBASE, medRxiv and the Cochrane Central Register of Controlled Trials were done for articles in English published between Jan 1, 2020 and September 21, 2021. Studies with the following characteristics were identified: (1) randomised trials or observational studies; (2) individuals with documented SARS-CoV-2 infection; (3) outcomes related to the effectiveness of the Oxford-AstraZeneca or Pfizer-BioNTech vaccine.  While randomised control trials have tested a 2-dose strategy against SARS-CoV-2 infection, the efficacy of a single dose strategy remains less clear.  Emerging observational studies that have shown efficacy of a single dose strategy against SARS-CoV-2 have been limited to short follow-up times and mainly older individuals.
Added value of this study 
To our knowledge, this is the first study to use real-world observational data to compare the effectiveness of a single dose of the Oxford-AstraZeneca and Pfizer-BioNTech vaccines against COVID-19 over 3 months follow-up across the entire age spectrum in the general population.  Single dose vaccination markedly reduced risk of hospitalisation or mortality from COVID-19. The magnitude of efficacy was less marked against SARS-CoV-2 following vaccination. However, we did observe substantial effect modification of vaccine effectiveness by age against SARS-CoV-2 infection of any severity; effectiveness was higher with increasing age. 
Implications of all the available evidence
A single dose strategy, for both vaccines, was effective at reducing COVID-19 mortality and hospitalization rates. While a single dose strategy was associated with a relatively low reduction in the rate of SARS-CoV-2 infection at 3 months, there was significant effect modification by age, with higher vaccine effectiveness seen with older adults. Our results have important implications for health system planning, especially in low resource settings where vaccine supply remains constrained.

Introduction 
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus has killed over 4.6 million worldwide as of September 01, 2021.1 Over 200 candidate vaccines against the virus which causes coronavirus disease 2019 (COVID-19) have been developed.1 The two most common COVID-19 vaccines used in vaccination campaigns worldwide are the Oxford-AstraZeneca (ChAdOx1 nCoV-19/AZD1222) and Pfizer-BioNTech (BNT162b2) COVID-19 vaccines. However, whilst randomised control trials have tested a 2-dose strategy against SARS-CoV-2 infection2-3 the efficacy of a single dose strategy remains less clear.  Emerging observational studies do suggest that a single dose vaccine strategy might confer high efficacy against SARS-CoV-2 infection and disease severity4-8: but these studies have been limited to a restricted age group – mainly older patients – with generally shorter follow-up of 4 weeks. To confer population level immunity and protection, especially in low- and middle-income countries where vaccine supply remains limited, a single dose strategy may be preferable. Fractional dosing, where individuals receive less than the recommended dosage of vaccine, has been successfully utilised in previous outbreaks of other infectious diseases, including cholera9 and yellow fever.10 If shown to be effective, a single dose COVID-19 campaign in countries where there are less supplies would be easier to implement logistically, with the potential to reach herd immunity more rapidly,11-13 

A single dose strategy may also be preferable where large populations need to be vaccinated in a shorter time period. As such, the United Kingdom following advice from the Joint Committee on Vaccination and Immunisation recommended prioritizing a first vaccine dose of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines for all eligible individuals prior to securing a second vaccine dose for recipients.14  

Using high fidelity routine health care data with linkage to outcomes, we evaluated and compared the effectiveness of a single dose vaccine strategy of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines against SARS-CoV-2 infection across all age groups and over longer follow up periods.


Methods
Study population 
We analysed anonymised data accessed in the Imperial Clinical Analytics, Research and Evaluation (iCARE) environment,15 which holds a unique integrated care data set including the pre-established Whole System Integrated Care (WSIC) data collated for the purposes of population health in the sector, capturing all adults who are registered with a general practitioner, or who have a resident postcode, in the North-West London (NWL) catchment area.16 This study was undertaken within a research database, using data fully anonymized data, which was approved by the West Midlands - Solihull Research Ethics Committee. REC reference: 18/WM/0323. 

Data sources 
The WSIC database includes demographic and clinical data from general practice (GP) clinical systems (SystmOne, eMIS), SARS-CoV-2 PCR pathology results from NWL Pathology, The Doctors Laboratory (TDL) and national SARS-CoV-2 test results, and hospital admission data from secondary uses service (SUS) data feeds. Data on vaccination and SARS-CoV-2 testing was available within hours of the data being recorded in source data systems. The GP clinical systems, which have been almost fully computerised since the early 1990s, provide a longitudinal electronic healthcare record of all primary care encounters including information on Quality and Outcome Framework (QOF) indicators. The clinical domain of the QOF, which identifies indicators across 19 clinical areas, including chronic kidney disease, hypertension, and heart failure, was used to identify chronic conditions for each individual. All data were de-identified prior to access for research.

Study design
We designed this observational cohort study to assess the effect of a single dose of the Oxford-AstraZeneca and Pfizer-BioNTech vaccines on outcomes related to vaccine effectiveness. Eligibility criteria included individuals aged 16 years or older who were alive on December 08, 2020, at the start of the UK COVID-19 vaccination campaign. Participants were excluded if they previously had a documented positive SARS-CoV-2 polymerase-chain-reaction (PCR) test, were administered the Modena vaccine or had missing data. 

Data were available for 20 weeks following the onset of the vaccination program. However, due to vaccine supply issues and safety concerns about vaccines at different time points, both the first dose of both vaccines were administered in large numbers only during weeks 5-12. As our aim was to match individuals between vaccine groups and those unvaccinated on a week-by-week basis, we only matched individuals during weeks 5-12 (January 12, 2021 – March 09, 2021).

The matching process is covered in detail in the Supplementary Material. In summary, the eligible vaccinated and unvaccinated persons were matched on a week-by-week basis on the following variables: age (in bins of two consecutive years), gender (male and female), ethnic category (white, south Asian, black, other Asian, other, not recorded/stated), the number of SARS-CoV-2 tests from December 8th 2020 until the start of the relevant week of matching, care home residence, Index of Multiple Deprivation decile, number of comorbidities, clinically extremely vulnerable status, and being a 16-64 year old with underlying health conditions.   

From this cohort of matched individuals, we then matched an individual that received the Oxford-AstraZeneca vaccine with an individual receiving the Pfizer-BioNTech vaccine on a week-by-week basis using the same matching variables as above. Following this week-by-week matching process, each matched group would contain two individuals that had not been vaccinated by the start of that week, as well as one individual that had received the Oxford-AstraZeneca vaccine and one individual that received the Pfizer-BioNTech vaccine during the same week.

For each person, follow-up ended at the earliest of the following events: occurrence of an outcome event, death, vaccination (for unvaccinated controls), vaccination of the matched control (for vaccinated persons), or vaccination with the second dose (for vaccinated persons) or the end of the study period.

Outcomes
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]The four outcomes of interest were documented SARS-CoV-2 infection of any severity confirmed by a positive PCR test, COVID-19 hospitalisation, COVID-19 death, and all-cause mortality. Hospitalisation related to COVID-19 was defined as patients admitted to hospital who had tested positive for SARS-CoV-2 in the last 14 days or patients with a positive COVID-19 test result during an inpatient stay. Death from COVID-19 was defined as deaths among individuals with a positive SARS-CoV-2 test that occurred within 28 days of the test (according to Public Health England guidance17). 

Statistical analysis 
For each group (unvaccinated, Oxford-AstraZeneca or Pfizer-BioNTech), we calculated the number and rate of events per 1000 person-years for each outcome of interest.
The period immediately after the first dose when immunity is gradually building,2 was excluded in the main analyses using a 14-day landmark. We also calculated incidence rate ratios (IRRs) comparing the rates of 1) those receiving Oxford-AstraZeneca versus those unvaccinated, 2) those receiving Pfizer-BioNTech versus those unvaccinated, and 3) those receiving Pfizer-BioNTech versus those receiving Oxford-AstraZeneca. For the analyses of days 14-84 of follow-up, persons were excluded if they or a person they were matched with were censored before the start of the follow-up period (day 14) to maintain balance between the groups (each matching group contains one person receiving Oxford-AstraZeneca, one receiving Pfizer-BioNTech, and two unvaccinated). 

Survival curves for the vaccinated and unvaccinated groups were estimated with the Kaplan–Meier estimator.18 Restricted cubic splines were used to display the association between age and COVID-19 outcomes at 84 days after first dose of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines. Analyses were performed using Stata (version 16.1) and R (version 3.5.0). The study is reported in accordance with Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Guidelines.


Role of the funding source
The funders had no role in study design, data collection, data analysis, data interpretation, or writing the report. AK, AT and AS had access to all data and take full responsibility for its integrity and the accuracy of the analyses. The corresponding author had final responsibility for the decision to submit for publication.



Results
Study population 
Of 2,210,319 participants who were alive on December 08, 2020, 2,151,425 were eligible for the study and 281,657 vaccinated individuals were matched to unvaccinated controls (Figure 1).  From this cohort of matched individuals, 63,608 were matched in each vaccine group. The final dataset therefore had 127,216 vaccinated participants (63,608 Oxford-AstraZeneca and 63,608 Pfizer-BioNTech) and 127,216 unvaccinated individuals that had previously been matched to these vaccinated persons (Figure 1). The demographic and clinical characteristics for all eligible and matched individuals, stratified by whether or not they were vaccinated, are summarised in Table S1. 

Matched individuals were younger (median age 53 years (interquartile range [IQR], 41 to 61)) than the eligible population who were vaccinated (61, 48 to 71) and had a lower prevalence of chronic conditions because there was a smaller pool of potential unvaccinated matches for older vaccine recipients, owing to high vaccination rates in the older population. The baseline characteristics of matched individuals are shown in Table 1. 

The median follow-up time for the matched unvaccinated group was 70 days (IQR, 42 to 84), Oxford-AstraZeneca 70 days (63 to 77), and Pfizer-BioNTech 70 days (63 to 77). Table S2 shows the time interval between the first and second dose for those vaccinated, with 69.0% in the Oxford-AstraZeneca group and 63.3% in the Pfizer-BioNTech group not having received a second dose by their censoring date. 

During the period from 14 to 84 days, individuals in the matched unvaccinated group had a SARS-CoV-2 test documented at a rate of 163.95 (95% CI, 157.92 to 170.20) per 1000 person-years to the first testing event, whilst the rates were higher at 284.34 (273.49 to 295.63) in the Oxford-AstraZeneca group and 250 (240.25 to 261.18) in the Pfizer-BioNTech group. A similar trend with higher testing rates in both vaccine groups compared to the unvaccinated group was seen across all ages (Table S3).

Vaccine effectiveness 
During the period from 14 to 84 days, 534 infections were documented overall, of which 65 (11.9%) required hospitalization, and 29 (5.6%) resulted in death. There were 190 deaths from any cause during this period. Figure 2 shows the cumulative incidence curves for the outcomes during the time period from 14 to 84 days for the matched groups. Table 2 shows the corresponding number of events and estimated vaccine effectiveness. All outcomes were less common among vaccinated individuals than those unvaccinated. The rate of documented SARS-CoV-2 infection per 1000 person-years was 15.1 and 12.4 for the Oxford-AstraZeneca and Pfizer-BioNTech vaccines, respectively, compared to 18.2 for unvaccinated individuals. For COVID-19 hospitalization, the rates were overall lower at 3.2, 0.8 and 0.8 for the unvaccinated, Oxford-AstraZeneca and Pfizer-BioNTech vaccine groups, respectively. 

The IRRs for each outcome comparing the Oxford-AstraZeneca, Pfizer-BioNTech and unvaccinated groups are shown in Table 2 for days 14-84 of follow-up. The IRR for documented SARS-CoV-2 infection was 0.85 (95% CI, 0.69 to 1.05) for the Oxford-Astra-Zeneca vaccine, and 0.69 (0.55 to 0.86) for the Pfizer-BioNTech vaccine. The IRR for both vaccines was the same at 0.25 (0.09 to 0.55) and 0.14 (0.02 to 0.58) for reducing COVID-19 hospitalization and COVID-19 mortality, respectively. The IRR for all-cause mortality was 0.25 (0.15 to 0.39) for the Oxford-Astra-Zeneca vaccine, and 0.18 (0.10 to 0.30) for the Pfizer-BioNTech vaccine.  

The IRRs comparing the Oxford-AstraZeneca and Pfizer-BioNTech vaccine groups are shown in Table 2 for days 14-84 of follow-up. There were no significant differences between the two vaccinated groups for any of the outcomes.

Vaccine effectiveness in different age groups 
Figure 3 shows the association between age and COVID-19 outcomes after the first dose of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines over the 14 to 84 day follow-up period. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Age was an effect modifier of the association between vaccination and SARS-CoV-2 infection of any severity; lower hazard ratios for increasing age. In 40 year olds, the hazard ratio for SARS-CoV-2 infection was 0.89 (0.61 to 1.3) and 0.62 (0.41 to 0.91) for the Oxford-AstraZeneca and Pfizer-BioNTech vaccine, respectively, falling to 0.06 (0.02 to 0.19) and 0.18 (0.06 to 0.48) in those aged 90 years. Vaccine effect modification by age was however less apparent for outcomes related to severe COVID-19 infection (Figure 3B and 3C). We were unable to assess for effect modification by age on COVID-19 mortality due to low event rates. While there was a trend towards the Pfizer-BioNTech vaccine having a lower hazard ratio than the Oxford-AstraZeneca vaccine in younger individuals (Figure 3), the number of events among the young was low so confidence intervals were wide. 


Discussion
To our knowledge, this is the first study to use real-world observational data to compare the effectiveness of a single dose of the Oxford-AstraZeneca and Pfizer-BioNTech vaccines against COVID-19 over 3 months follow-up across the entire age spectrum in the general population. While the Oxford-AstraZeneca and Pfizer-BioNTech vaccines as a single dose were associated with a relatively low reduction in the rate of SARS-CoV-2 infection at 3 months of 15% and 31% compared to being unvaccinated, respectively, the effect estimate crossed the null for the Oxford-AstraZeneca vaccine. Vaccination with either vaccine was however associated with a marked reduction in outcomes related to severe COVID-19 infection. We observed effect modification in vaccine effectiveness by age across both the Oxford-AstraZeneca and Pfizer-BioNTech vaccines. A single dose of either vaccine to prevent SARS-CoV-2 infection was more effective with older age. This effect modification was less apparent for outcomes related to severe COVID-19 infection. No difference in effectiveness after a single dose was observed between the vaccines at 3 months follow-up.

COVID-19 vaccination has begun in several countries, with many more countries starting in the upcoming months. The current COVID-19 vaccination strategies of most countries consider vaccination with full dosage (two doses), but some, including the UK, are vaccinating twice as many people with a single dose and delaying the second dose.14 While vaccine supply shortages are less of an issue in high-income countries, the situation is less certain in low- and middle-income countries, where vaccine supplies are arriving in smaller quantities at later times.19 Mathematical models exploring the use of single dose campaigns have shown that optimal use of resources depends primarily on the level of single dose efficacy.13,20  

The efficacy of a single vaccine dose against ‘symptomatic’ COVID-19 infection has been reported in large randomised controlled trials (RCTs) as 52% (95%CI, 30 to 68%) from day 1 to 21 after a single dose of the Pfizer-BioNTech vaccine2 and 76% (95% CI, 59.3 to 95.9%) from day 22 to 90 after a single dose of the Oxford-AstraZeneca vaccine in exploratory analyses.21 These studies were not designed to assess the efficacy of a single dose regimen. Individuals were vaccinated with their second dose at 21 days in the Pfizer-BioNTech trial.2 We observed a single dose vaccine effectiveness of 15% (-5 to 31) for the Oxford-Astra-Zeneca vaccine, and 31% (14 to 45) for the Pfizer-BioNTech vaccine between 14 and 84 days. It is difficult to compare results from these RCTs and our study due to differences in population characteristics, follow-up duration and the specific outcomes measured. Moreover, the differences in vaccine effectiveness reported between the Phase III trials and our study may additionally be due to variation in exposure to different SARS-CoV-2 variants. 

While overall, the effect estimate was lower for both vaccines compared to trial results, there was effect modification with increasing vaccine effectiveness of a single dose in older individuals. In 40-year-olds, the effectiveness for preventing SARS-CoV-2 infection was 11% (-30 to 39) for the Oxford-AstraZeneca vaccine and 38% (95% CI, 9 to 59) for the Pfizer-BioNTech vaccine. The effectiveness increased to 94% (81 to 98) and 82% (52 to 94), respectively, in those aged 90 years. 

Vaccine effectiveness was overall higher for more serious outcomes reaching 75% (45 to 91) and 86% (42 to 98) for reducing COVID-19 hospitalization and COVID-19 mortality, respectively, for both vaccines at 84 days follow-up. There was little effect modification due to age for the Pfizer-BioNTech vaccine for severe outcomes, although the Oxford-AstraZeneca vaccine seemed to be less effective in younger individuals. Neither of the vaccine trials stratified analyses for vaccine effectiveness after the first dose by age group.2,21  

Other real world analyses of the effectiveness of either the Oxford-AstraZeneca or Pfizer-BioNTech COVID-19 vaccines are now emerging, which similarly demonstrate single dose vaccine effectiveness despite differences in study design, population characteristics and follow-up duration between all studies.8,22,23 An analysis of data on over 1.1 million individuals showed that an effect of 60% for documented SARS-CoV-2 infection and 78% for COVID-19 hospital admission was found at 21-27 days after the first dose of the Pfizer-BioNTech vaccine.8 A test-negative case-control design has reported that single dose of either the Oxford-AstraZeneca or Pfizer-BioNTech vaccine had 60-70% protection against symptomatic COVID-19 and about 80% effectiveness against COVID-19 hospital admission.22 The analysis was restricted to those over the age of 70 with the median follow-up being less than 4 weeks for both vaccines. Similarly, a single dose of the Pfizer-BioNTech vaccine has been shown to be effective in reducing the risk of SARS-CoV-2 infection by two-thirds in adults ≥70 years old in British Columbia, Canada, at 5-weeks follow-up.24 At 84 days follow-up in our study, we found a comparable vaccine effectiveness against COVID-19 admission in those over the age of 70 (Figure 3B). 

A recent prospective cohort study from Scotland found the first dose of the Pfizer-BioNTech vaccine was associated with a vaccine effect of 91% (95% CI, 85 to 94) against COVID-19 hospital admission at 28–34 days post-vaccination. Vaccine effect at the same time interval for the Oxford-AstraZeneca vaccine was 88% (95% CI, 75 to 94).23 Although limited to stratifying individuals in to three age groups rather than assessing the interaction of age as a continuous variable, they showed a similar trend to the present study of effect modification of vaccine effectiveness by age, with higher vaccine effectiveness in the oldest age group. Vaccine effect modification by age may be due to multiple reasons. While seroconversion rates and quantitative antibody levels after a single dose have been shown to be lower in older individuals, especially in those aged >60 years,25 differences in potential behavioural effects associated with vaccination, specifically behavioural disinhibition, with lower perceived risk, may lead to higher SARS-CoV-2 transmission rates in the young.26 These results therefore suggest that people should continue to wear face masks and maintain physical distance after the first vaccine to prevent onward transmission. In addition, our study period included the early part of the vaccination campaign when the proportion of young individuals receiving the first dose of the vaccine was low.27 

Effect modification of vaccine effectiveness by age was most apparent against SARS-CoV-2 infection of any severity rather than for outcomes related to severe COVID-19 infection; COVID-19 hospitalisation, and all-cause mortality. This finding may be explained by a three-way interaction between age, COVID-19 severity and vaccine effectiveness. As older individuals are more likely to have severe COVID-19 infection,28 which was shown in our study to be less likely following single dose vaccination, vaccine effectiveness for all SARS-CoV-2 infections will appear to increase with age. 

The main limitations of our study relate to its observational nature. As with any observational study, our results may have been affected by residual confounding due to differences between vaccinated and unvaccinated individuals, especially with regards to health-seeking behaviour and risk exposure. Despite precise matching on multiple demographic and clinical factors, including pre-matching test seeking behaviour, unmeasured confounders may still have influenced our results, including relevant social contact patterns. To account for variation in SARS-CoV-2 exposure rates during follow-up, individuals in the unvaccinated, Oxford-AstraZeneca and Pfizer-BioNTech vaccines were matched on a week-by-week basis to align local exposure rates between matched individuals during follow-up. While we found the SARS-CoV-2 testing rate was higher in the vaccinated groups than the unvaccinated group, which may lead to an underestimation of vaccine effectiveness for SARS-CoV-2 related outcomes, the testing rate was similar between the vaccine groups. Our rigorous week-by-week matching process came at the cost of not including in the final cohort approximately 50% of the vaccinated persons who otherwise met the study’s eligibility criteria.

[bookmark: OLE_LINK16][bookmark: OLE_LINK17]We were unable to assess single dose vaccine effectiveness beyond 84 days, when waning of vaccine effectiveness may become an issue. It is difficult to assess single dose vaccine effectiveness far beyond 84 days in the UK as the JCVI advised that the second dose of the Pfizer-BioNTech vaccine and Oxford-AstraZeneca vaccine should be given between 3 to 12 and 4 to 12 weeks following the first-dose, respectively. As highlighted in Table S2, approximately 25% of matched individuals in both the Pfizer-BioNTech and Oxford-AstraZeneca groups already had the second vaccination dose by 84 days. In Canada, first and second doses of vaccines against SARS-CoV-2 were uniquely spaced 16 weeks apart. Whilst a single dose of the Pfizer-BioNTech vaccine has been shown to be effective in reducing the risk of SARS-CoV-2 infection by at least three-quarters at 16 weeks follow-up, this was only assessed in the healthcare worker population, which are likely to have different health-seeking behaviour and exposure risk than the general population.29

The vaccine effectiveness estimates calculated are an average over multiple SARS-CoV-2 variants. Data on specific SARS-CoV-2 isolates during PCR testing was not available. While several SARS-CoV-2 variants of concern have been identified in the UK, during the study period, the B.1.1.7 variant was the most dominant variant. This is particularly relevant as the B.1.1.7 variant has been detected in over 40 countries worldwide,30 and the major Phase III vaccine trials were conducted before this strain was dominant.2,3 Data on whether vaccine-induced immunity can protect against multiple variants are limited. Based on preliminary reports from efficacy trials and immunogenicity studies, COVID-19 vaccines likely retain some efficacy against multiple variants.31,32 Since the end of May 2021, infections compatible with the Delta variant have been the most common in England and in recent weeks in all four UK countries. The picture emerging from various countries does, however, suggest that the vaccines may be less efficacious against the Delta variant for symptomatic infection compared with earlier forms of the virus.33,34 Despite these drops in efficacy, the Oxford-AstraZeneca and Pfizer-BioNTech vaccines have been shown to all reduce the risk of death by more than 85%, regardless of variant.34 While reports suggest a similar level of effectiveness for severe COVID-19 infection against the Delta variant as observed in our study, further research in the upcoming months is required to assess the effect of the Oxford-AstraZeneca and Pfizer-BioNTech vaccines on the Delta variant.

Neither of the vaccines are intended to be given as a single dose. Although we had a large population sample, there were insufficient number of individuals who had received the second dose of either the Oxford-AstraZeneca or Pfizer-BioNTech vaccines to reliably study vaccine effectiveness after receiving the full two-dose schedule. Assessing vaccine effectiveness of a single vaccine dose is of health policy interest worldwide given the uncertainty over whether a second dose of each vaccine should be deferred to allow more rapid coverage of the broader global population. While successful immunisation programmes generally result from high vaccine effectiveness with full dosage, fractional dosing with a single dose may be relevant in populations that are difficult to reach, or where background seroprevalence rates are high.

While the Oxford-AstraZeneca and Pfizer-BioNTech vaccine as a single dose was associated with a relatively low reduction in the rate of SARS-CoV-2 infection at 3 months, there was significant effect modification by age, with higher effectiveness seen with older adults. A single dose of either vaccine was more effective for preventing more serious outcomes across all ages. No difference in effectiveness after a single dose was observed between the vaccines at 3 months follow-up. Our results provide an important metric for health system planning especially in low- and middle-income countries.  
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Figure captions 

Figure 1. Study population and cohort enrolment process

Figure 2. Cumulative incidence of COVID-19 outcomes at 14 to 84 days after first dose of Oxford-AstraZeneca and Pfizer-BioNTech vaccines

Figure 3. Association between age and COVID-19 outcomes after the first dose of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines over the 14 to 84 day follow-up period 
Restricted cubic splines displaying hazard ratios of COVID-19 outcomes with 95% confidence intervals (dotted lines). The reference for each hazard ratio was the outcome in the unvaccinated group at corresponding ages. The 95% confidence intervals (dotted lines) are based on 10,000 predictions from the model using bootstrapped samples of the corresponding age-specific outcome counts. The spline for documented SARs-CoV-2 infection was adjusted by testing rate at baseline.



Tables
Table 1. Demographic and clinical characteristics of the matched populations at baseline that were unvaccinated or received a single dose of the Oxford-AstraZeneca or Pfizer-BioNTech vaccines

	
	Unvaccinated (N=127,216)
	Oxford-AstraZeneca (N=63,608)
	Pfizer (N=63,608)

	Age in years [median (IQR)]
	53 (41-61)
	53 (41-61)
	53 (41-61)

	Male [n(%)]
	58,796 (46.2%)
	29,398 (46.2%)
	29,398 (46.2%)

	At risk age 16-64 [n(%)]
	12,938 (10.2%)
	6,469 (10.2%)
	6,469 (10.2%)

	Care home resident [n(%)]
	6 (0.005%)
	3 (0.005%)
	3 (0.005%)

	Clinically extremely vulnerable [n(%)]
	2,114 (1.7%)
	1,057 (1.7%)
	1,057 (1.7%)

	Ethnicity [n(%)]
	
	
	

	   White
	58,644 (46.1%)
	29,322 (46.1%)
	29,322 (46.1%)

	   South Asian
	28,252 (22.2%)
	14,126 (22.2%)
	14,126 (22.2%)

	   Black
	8,464 (6.7%)
	4,232 (6.7%)
	4,232 (6.7%)

	   Other Asian
	11,692 (9.2%)
	5,846 (9.2%)
	5,846 (9.2%)

	   Mixed/other
	8,278 (6.5%)
	4,139 (6.5%)
	4,139 (6.5%)

	   Not reported/recorded
	11,886 (9.3%)
	5,943 (9.3%)
	5,943 (9.3%)

	Comorbidities [n(%)]
	
	
	

	   0
	74,912 (58.9%)
	37,456 (58.9%)
	37,456 (58.9%)

	   1
	30,228 (23.8%)
	15,114 (23.8%)
	15,114 (23.8%)

	   2
	14,680 (11.5%)
	7,340 (11.5%)
	7,340 (11.5%)

	   3
	5,076 (4.0%)
	2,538 (4.0%)
	2,538 (4.0%)

	   4+
	2,320 (1.8%)
	1,160 (1.8%)
	1,160 (1.8%)

	IMD decile [n(%)]
	
	
	

	   1
	1,372 (1.1%)
	686 (1.1%)
	686 (1.1%)

	   2
	12,308 (9.7%)
	6,154 (9.7%)
	6,154 (9.7%)

	   3
	19,244 (15.1%)
	9,622 (15.1%)
	9,622 (15.1%)

	   4
	22,548 (17.7%)
	11,274 (17.7%)
	11,274 (17.7%)

	   5
	20,804 (16.4%)
	10,402 (16.4%)
	10,402 (16.4%)

	   6
	17,396 (13.7%)
	8,698 (13.7%)
	8,698 (13.7%)

	   7
	11,828 (9.3%)
	5,914 (9.3%)
	5,914 (9.3%)

	   8
	11,896 (9.4%)
	5,948 (9.4%)
	5,948 (9.4%)

	   9
	7,206 (5.7%)
	3,603 (5.7%)
	3,603 (5.7%)

	   10
	2,614 (2.1%)
	1,307 (2.1%)
	1,307 (2.1%)

	Number of tests before week of matching [n(%)]
	
	
	

	   0
	124,566 (97.9%)
	62,283 (97.9%)
	62,283 (97.9%)

	   1
	2,394 (1.9%)
	1,197 (1.9%)
	1,197 (1.9%)

	   2+
	256 (0.2%)
	128 (0.2%)
	128 (0.2%)

	Comorbidities [n(%)]
	
	
	

	   Anxiety
	13,631 (10.7%)
	4,842 (7.6%)
	4,505 (7.1%)

	   Asthma
	122,626 (3.6%)
	3,947 (6.2%)
	4,245 (6.7%)

	   Atrial fibrillation
	796 (0.6%)
	459 (0.7%)
	584 (0.9%)

	   Cancer
	1,821 (1.4%)
	1,184 (1.9%)
	1,336 (2.1%)

	   CKD
	782 (0.6%)
	419 (0.7%)
	517 (0.8%)

	   COPD
	913 (0.7%)
	507 (0.8%)
	564 (0.9%)

	   Dementia
	195 (0.2%)
	124 (0.2%)
	87 (0.1%)

	   Depression
	13,441 (10.6%)
	4,882 (7.7%)
	4,561 (7.2%)

	   Diabetes
	8,153 (6.4%)
	6,355 (10.0%)
	6,807 (10.7%)

	   Heart failure
	340 (0.3%)
	187 (0.3%)
	198 (0.3%)

	   Hypertension
	19,014 (15.0%)
	9,258 (14.6%)
	9,046 (14.2%)

	   Hypothyroidism
	6,505 (5.1%)
	2,748 (4.3%)
	2,557 (4.0%)

	   IHD
	2,085 (1.6%)
	1,321 (2.1%)
	1,337 (2.1%)

	   Learning disability
	241 (0.2%)
	225 (0.4%)
	162 (0.3%)

	   Mental health
	2,282 (1.8%)
	642 (1.0%)
	559 (0.9%)

	   Obesity
	8,554 (6.7%)
	4,559 (7.2%)
	4,588 (7.2%)

	   PAD
	273 (0.2%)
	182 (0.3%)
	134 (0.2%)

	   Palliative care
	144 (0.1%)
	86 (0.1%)
	50 (0.1%)

	   Parkinson’s
	102 (0.1%)
	54 (0.1%)
	54 (0.1%)

	   Rheumatoid arthritis
	568 (0.4%)
	312 (0.5%)
	354 (0.6%)

	   Stroke or TIA
	1,056 (0.8%)
	551 (0.9%)
	533 (0.8%)



CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; PAD, peripheral arterial disease; IHD, Ischaemic heart disease; IQR, Interquartile range; TIA, Transient ischaemic attack.
















Table 2. Estimated vaccine effectiveness against COVID-19 outcomes 14 to 84 days after matching of the first dose of Oxford-AstraZeneca and Pfizer-BioNTech vaccines

	
	Documented SARS-CoV-2 infection
	COVID-19 hospitalisation*
	COVID-19 mortality ¥
	All-cause mortality

	
	Number of events
(rate per 1000 person-years [95%CI]) 

	Unvaccinated [U]
	288 
(18.23 [16.24 to 20.46])
	51 
(3.20 [2.43 to 4.21])
	25 
(1.57 [1.06 to 2.32])
	154 
(9.65 [8.24 to 11.31])

	Oxford-AstraZeneca [AZ]
	136 
(15.11 [12.77 to 17.88])
	7 
(0.77 [0.37 to 1.62])
	2 
(0.22 [0.06 to 0.88])
	21 
(2.31 [1.51 to 3.55])

	Pfizer-BioNTech [P]
	110 
(12.44 [10.32 to 14.99])
	7 
(0.78 [0.37 to 1.65])
	2 
(0.22 [0.06 to 0.90])
	15 
(1.68 [1.01 to 2.79])

	
	Incidence rate ratios (95%CI) – p-value)

	AZ vs U
	0.85 (0.69 to 1.05) - p=0.121
	0.25 (0.09 to 0.55) - p<0.001
	0.14 (0.02 to 0.58) - p<0.001
	0.25 (0.15 to 0.39) - p<0.001

	P vs U
	0.69 (0.55 to 0.86) - p<0.001
	0.25 (0.09 to 0.55) - p<0.001
	0.14 (0.02 to 0.58) - p<0.001
	0.18 (0.10 to 0.30) - p<0.001

	P vs AZ
	0.81 (0.62 to 1.05) - p=0.098
	1.00 (0.30 to 3.34) - p=1.000
	1.00 (0.07 to 13.80) - p=1.000
	0.71 (0.34 to 1.45) - p=0.324



* COVID-19 hospitalisation defined as having a positive documented SARS-CoV-2 test 14 days before or within 7 days of being admitted to hospital. 
¥ COVID-19 mortality defined as having a positive documented SARS-CoV-2 test 28 days prior to death
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