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Abstract 
 
Background: It is unclear whether receiving two COVID-19 vaccinations before SARS-CoV-
2 infection reduces the risk of developing Long Covid symptoms. We examined whether the 
likelihood of symptoms 12 weeks after infection differed by vaccination status. 
 
Methods: We included COVID-19 Infection Survey participants aged 18-69 years who 
tested positive for SARS-CoV-2 between 26 April 2020 and 30 November 2021; we 
excluded participants who, before their first test-confirmed infection, had suspected COVID-
19 or Long Covid symptoms, or were single-vaccinated. Participants who were double-
vaccinated ≥14 days before infection were 1:1 propensity-score matched, based on socio-
demographic characteristics and time from infection to follow-up for Long Covid, to those 
unvaccinated at time of infection. We estimated adjusted odds ratios (aOR) of Long Covid 
symptoms ≥12 weeks post-infection, comparing double-vaccinated with unvaccinated 
(reference group) participants. 
 
Results: The study sample comprised 3,090 double-vaccinated participants (mean age 49 
years, 54% female, 92% white, median follow-up from infection 96 days) and matched 
control participants. Long Covid symptoms were reported by 294 double-vaccinated 
participants (prevalence 9.5%) compared with 452 unvaccinated participants (14.6%), 
corresponding to an aOR for Long Covid symptoms of 0.59 (95% CI: 0.50 to 0.69). There 
was no evidence of heterogeneity by adenovirus vector versus messenger ribonucleic acid 
vaccines (p=0.25). 
 
Conclusions: COVID-19 vaccination is associated with reduced risk of Long Covid, 
emphasising the need for public health initiatives to increase population-level vaccine 
uptake. Longer follow-up is needed, as is the assessment of further vaccine doses and the 
Omicron variant. 
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Introduction 
 
Long-term symptoms following SARS-CoV-2 infection, often referred to as Long Covid, post-
COVID-19 syndrome, post-acute COVID-19 syndrome, post-COVID condition, or post-acute 
sequelae of SARS-CoV-2 infection, affect approximately 2% of the UK population, with two-
thirds of these individuals experiencing functional impairment [1]. COVID-19 vaccines reduce 
rates of SARS-CoV-2 infection [2] and transmission [3] and therefore Long Covid incidence. 
However, it is unclear to what extent vaccination reduces the risk of developing Long Covid 
symptoms following breakthrough infection, with mixed evidence to date [4,5]. 
 
To 25 January 2022, 16% of the UK population eligible for a second vaccination were yet to 
receive it [6], while vaccine coverage was lowest in disadvantaged groups, including ethnic 
minorities and deprived communities, where rates of infection have been highest [7]. 
Understanding the role of vaccines in Long Covid may therefore aid public health messaging 
and facilitate informed decision-making regarding vaccine uptake. We investigated whether 
infection following two doses of a COVID-19 vaccine is associated with a reduction in Long 
Covid symptoms after 12 weeks, relative to being unvaccinated when infected. 
 
Methods 
 
Study data and design 
The main data source was the UK COVID-19 Infection Survey (CIS, ISRCTN21086382, 
https://www.ndm.ox.ac.uk/covid-19/covid-19-infection-survey/protocol-and-information-
sheets), comprising a sample of over half a million participants randomly selected from the 
UK community population. Ethical approval was obtained from the South Central Berkshire B 
Research Ethics Committee (20/SC/0195). At enrolment, adult participants provided written 
consent, including for optional weekly follow-up visits for one month followed by at least 12 
monthly visits in the majority. 
 
We included CIS participants aged 18-69 years who tested positive for SARS-CoV-2, either 
by polymerase chain reaction test using swabs obtained at study visits (58.7% of infections) 
or any swab test in national testing programmes (self-reported by study participants), 
between 26 April 2020 and 30 November 2021. We excluded participants who: reported 
suspected COVID-19 or tested positive for antibodies (in the study or elsewhere) more than 
two weeks before their first positive swab; reported Long Covid symptoms at any time before 
their first positive swab; had never responded to the survey question on Long Covid (see 
‘Outcome’ below) following its introduction on 3 February 2021; did not have ≥12 weeks of 
post-infection follow-up by 30 November 2021; or were single-vaccinated when infected. 
 
Exposure 
The exposure of interest was receipt of at least two doses of a COVID-19 vaccine 
(Oxford/AstraZeneca ChAdOx1 nCoV-19 [AZD1222], Pfizer/BioNTech BNT162b2, or 
Moderna mRNA-1273) ≥14 days before the first test-confirmed infection. Vaccination status 
for participants in England was derived from survey data linked to National Immunisation 
Management System records, with the latter being prioritised where they conflicted with self-
reports. Administrative data were not available for participants in Wales, Scotland, and 
Northern Ireland (13.6%), thus vaccination status was derived solely from self-report. 
 
Outcome 
The primary outcome was Long Covid status according to the survey question: “Would you 
describe yourself as having 'Long Covid', that is, you are still experiencing symptoms more 
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than 4 weeks after you first had COVID-19, that are not explained by something else?” 
Participants were also asked whether their symptoms limited their ability to undertake daily 
activities. We considered participants’ first response ≥12 weeks after their first test-confirmed 
infection (defined as follow-up time). 
 
Statistical methods 
We matched study participants who were double-vaccinated at time of infection to control 
participants who were unvaccinated when infected and remained so at their first follow-up 
visit ≥12 weeks later. Double-vaccinated and unvaccinated participants were 1:1 propensity-
score matched within calipers of 0.1 points of the propensity score on socio-demographic 
characteristics: age, sex, ethnicity (white or non-white), country/region of residence, area 
deprivation quintile group and self-reported, pre-existing health/disability status. Large 
imbalance after matching was identified by absolute standardized differences >10% [8]. 
Although a ‘post-treatment’ variable, we also included time from infection to follow-up for 
Long Covid in the matching set to avoid evaluating Long Covid symptoms in unvaccinated 
and double-vaccinated participants at different stages of the illness (Supplementary Figure 
1). Continuous variables were modelled as restricted cubic splines, with boundary knots at 
the 10th and 90th percentiles and an internal knot at the median of the distributions. 
 
We estimated adjusted odds ratios (aOR) for Long Covid at ≥12 weeks using logistic 
regression including all covariates from the matching set, comparing participants who were 
double-vaccinated to those unvaccinated (reference group) when infected, using robust 
standard errors to account for matching. We tested for effect modification by time from 
infection to follow-up for Long Covid, and by adenovirus vector (Oxford/AstraZeneca) versus 
messenger ribonucleic acid (mRNA; Pfizer/BioNTech or Moderna) vaccines. Statistical 
analyses were performed using R version 3.6. 
 
Results 
 
Of 3,333 eligible participants who were double-vaccinated before their first test-confirmed 
SARS-CoV-2 infection, 3,090 (92.7%) were 1:1 matched to participants who were 
unvaccinated when infected (from a pool of 9,854 potential control participants). Among 
double-vaccinated participants, 2,287 (74.0%), 788 (25.5%) and 15 (0.5%) received 
Oxford/AstraZeneca, Pfizer/BioNTech, and Moderna vaccines, respectively. 
 
Most double-vaccinated participants (3,057, 98.9%) were infected after 17 May 2021, when 
the Delta variant dominated in the UK, while nearly all unvaccinated participants (3,082, 
99.7%) were infected before this date. Median follow-up for Long Covid ≥12 weeks after 
infection among double-vaccinated and unvaccinated participants was 96 (IQR: 90 to 104) 
and 98 (89 to 109) days, respectively. After matching, socio-demographic characteristics 
were generally well balanced for all variables except age (mean 49 versus 47 years for 
double-vaccinated versus unvaccinated, absolute standardized difference 19.6%) (Table 1). 
 
At follow-up, Long Covid symptoms of any severity were reported by 294 double-vaccinated 
participants (prevalence 9.5%; 95% CI: 8.5% to 10.6%) versus 452 unvaccinated 
participants (14.6%; 13.4% to 15.9%), and activity-limiting symptoms by 170 (5.5%; 4.8% to 
6.4%) and 268 (8.7%; 7.7% to 9.7%) participants, respectively. 
 
The aOR were 0.59 (0.50 to 0.69) for Long Covid of any severity and 0.59 (0.48 to 0.73) for 
activity-limiting symptoms in those infected after double vaccination compared with those 
who were infected when unvaccinated (Figure 1). There was no evidence of heterogeneity 
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by time from infection to follow-up (p=0.65 for symptoms of any severity; p=0.68 for activity-
limiting symptoms), or between participants receiving adenovirus vector or mRNA vaccines 
(p=0.25 for symptoms of any severity; p=0.35 for activity-limiting symptoms). 
 
Sensitivity analysis demonstrated that the aOR increased when removing time from infection 
to follow-up for Long Covid from the matching set (to 0.68 [0.56 to 0.81] for the primary 
outcome), and further increased when it was also omitted from the covariate set in adjusted 
models (0.73 [0.62 to 0.85]) (Supplementary Table 1). However, the aOR remained below 
1 in all analyses. 
 
Discussion 
 
We found that receiving two COVID-19 vaccinations at least two weeks before SARS-CoV-2 
infection was associated with a 41% decrease in the odds of developing Long Covid 
symptoms 12 weeks later, relative to not being vaccinated when infected. Our results extend 
those already published, whereby the risk of Long Covid was approximately halved in people 
who were double-vaccinated when infected compared with those who were unvaccinated, 
but at four rather than 12 weeks of follow-up [4]. Conclusions based on healthcare records 
rather than self-report (as in our study) are less clear, with vaccination associated with 
reduced rates of only specific symptoms [5] and diagnoses [9], though under-presentation, 
under-diagnosis, and under-recording are all possible [10]. In addition to reducing the risk of 
Long Covid after breakthrough infection, evidence also suggests that the likelihood and 
severity of pre-existing Long Covid symptoms may be reduced after vaccination [11,12]. 
 
The main study strength is that the CIS comprises a large sample of participants randomly 
selected from the population to minimise selection bias. Participants are routinely tested for 
SARS-CoV-2 at follow-up visits, therefore our study includes both asymptomatic and 
symptomatic infections, as well as self-reported tests. We adjusted for multiple factors 
related to vaccination uptake [7] and long-term symptoms [13]. However, as with any 
observational study, some unmeasured confounding may remain. In particular, because the 
question on Long Covid was not introduced until 3 February 2021, shortly after mass 
COVID-19 vaccination started in the UK on 8 December 2020, one key limitation is that it 
was not possible to match double-vaccinated and unvaccinated participants on calendar 
time of infection (Supplementary Figure 1). Differences in the likelihood of developing Long 
Covid symptoms between exposure groups may therefore partly reflect changes in the 
dominant COVID-19 variant or other period effects. Our key exposure was double 
vaccination, despite third and booster doses now being available, and the study period was 
before the Omicron variant became widespread. We were not able to investigate participants 
who were single-vaccinated when infected because nearly all of these received their second 
dose within the 12-week follow-up period, confounding any relationship between one dose at 
infection and Long Covid symptoms. 
 
In conclusion, SARS-CoV-2 infection after double vaccination is associated with a reduced 
risk of developing Long Covid symptoms at 12 weeks compared with infection before 
vaccination, emphasising the need for public health initiatives to increase population-level 
vaccine uptake. Studies with longer follow-up are needed to assess the impact of booster 
doses and the Omicron variant and to evaluate symptom trajectories beyond a single 12-
week follow-up visit, particularly given the relapsing nature of Long Covid [14]. Further 
research into possible biological explanations behind our findings, which may inform 
therapeutic strategies for Long Covid, is also required. 
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Table 1. Characteristics of study participants who were double-vaccinated or unvaccinated at the time of infection, before and after matching 

Characteristic Before matching After matching 
Double-

vaccinated 
(n = 5,158) 

Unvaccinated 
(n = 11,249) 

Absolute 
standardized 

difference (%) 

Double-
vaccinated 
(n = 4,498) 

Unvaccinated 
(n = 4,498) 

Absolute 
standardized 

difference (%) 
Age, years (mean, SD) 49.9 (12.0) 40.2 (13.2) 76.7 49.0 (12.0) 46.7 (11.2) 19.6 
Sex (n, %)         

Female 1,807 (54.2) 5,158 (52.3) 3.8 1,676 (54.2) 1,659 (53.7) 1.1 
Male 1,526 (45.8) 4,696 (47.7)   1,414 (45.8) 1,431 (46.3)   

Ethnic group (n, %)             
White 3,073 (92.2) 8,806 (89.4) 9.8 2,837 (91.8) 2,817 (91.2) 2.3 
Non-white 260 (7.8) 1,048 (10.6)   253 (8.2) 273 (8.8)   

Region or country (n, %)         
North East England 179 (5.4) 435 (4.4) 4.4 156 (5.0) 147 (4.8) 1.3 
North West England 473 (14.2) 1,468 (14.9) 2.0 445 (14.4) 433 (14.0) 1.1 
Yorkshire and the Humber 388 (11.6) 969 (9.8) 5.8 348 (11.3) 341 (11.0) 0.7 
East Midlands 213 (6.4) 650 (6.6) 0.8 206 (6.7) 208 (6.7) 0.3 
West Midlands 260 (7.8) 749 (7.6) 0.7 236 (7.6) 258 (8.3) 2.6 
East of England 222 (6.7) 819 (8.3) 6.3 207 (6.7) 242 (7.8) 4.4 
London 527 (15.8) 2,263 (23.0) 18.2 509 (16.5) 559 (18.1) 4.3 
South East England 339 (10.2) 1,072 (10.9) 2.3 315 (10.2) 337 (10.9) 2.3 
South West England 237 (7.1) 474 (4.8) 9.7 214 (6.9) 179 (5.8) 4.6 
Northern Ireland 122 (3.7) 234 (2.4) 7.5 113 (3.7) 96 (3.1) 3.0 
Scotland 244 (7.3) 406 (4.1) 13.8 219 (7.1) 175 (5.7) 5.8 
Wales 129 (3.9) 315 (3.2) 3.6 122 (3.9) 115 (3.7) 1.2 

Area deprivation quintile group (n, %)             
1 (most deprived) 404 (12.1) 1,299 (13.2) 3.2 381 (12.3) 384 (12.4) 0.3 
2 542 (16.3) 1,846 (18.7) 6.5 512 (16.6) 498 (16.1) 1.2 
3 647 (19.4) 2,080 (21.1) 4.2 609 (19.7) 623 (20.2) 1.1 
4 739 (22.2) 2,299 (23.3) 2.8 688 (22.3) 694 (22.5) 0.5 
5 (least deprived) 1,001 (30.0) 2,330 (23.6) 14.5 900 (29.1) 891 (28.8) 0.6 

Self-reported, pre-existing health/disability 
status (n, %) 

            

No health conditions 2,657 (79.7) 8,532 (86.6) 18.4 2,489 (80.6) 2,559 (82.8) 5.9 
Activity not limited by health conditions 370 (11.1) 748 (7.6) 12.1 331 (10.7) 297 (9.6) 3.6 
Activity limited a little by health conditions 181 (5.4) 367 (3.7) 8.2 164 (5.3) 147 (4.8) 2.5 
Activity limited a lot by health conditions 125 (3.8) 207 (2.1) 9.8 106 (3.4) 87 (2.8) 3.5 
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Figure 1. Adjusted odds ratios for Long Covid symptoms ≥12 weeks after first infection, 
comparing matched study participants who were double-vaccinated or unvaccinated 
(reference group) before infection 

 

Odds ratios adjusted for socio-demographic characteristics (age, sex, white or non-white ethnicity, 
country/region of residence, area deprivation quintile group, and self-reported, pre-existing 
health/disability status) and time from infection to follow-up for Long Covid. Confidence intervals are 
at the 95% level. 
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Supplementary Table 1. Adjusted odds ratios for the main analysis (Approach 1) and 
sensitivity analyses whereby follow-up time from infection to follow-up for Long Covid ≥12 
weeks later was removed from the matching set (Approach 2) and the adjusted models 
(Approach 3) 

Outcome Vaccine type Approach 1 Approach 2 Approach 3 
Long Covid of 
any severity 

Combined 0.59 (0.50 to 0.69) 0.68 (0.56 to 0.81) 0.73 (0.62 to 0.85) 
Adenovirus vector 0.62 (0.51 to 0.75) 0.74 (0.61 to 0.91) 0.80 (0.67 to 0.96) 
mRNA 0.50 (0.37 to 0.69) 0.52 (0.38 to 0.72) 0.56 (0.41 to 0.76) 

Activity-limiting 
Long Covid 

Combined 0.59 (0.48 to 0.73) 0.65 (0.51 to 0.82) 0.69 (0.56 to 0.84) 
Adenovirus vector 0.63 (0.49 to 0.80) 0.73 (0.56 to 0.95) 0.77 (0.61 to 0.97) 
mRNA 0.50 (0.34 to 0.75) 0.47 (0.31 to 0.72) 0.50 (0.34 to 0.74) 

Odds ratios adjusted for socio-demographic characteristics (age, sex, white or non-white ethnicity, 
country/region of residence, area deprivation quintile group, and self-reported, pre-existing 
health/disability status) and time from infection to follow-up for Long Covid (Approaches 1 and 2). 
Confidence intervals are at the 95% level. 
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Supplementary Figure 1. Density plot of calendar time of first infection, stratified by 
whether study participants were double-vaccinated ≥14 days before infection; the red line 
indicates the introduction of the survey question on Long Covid on 3 February 2021 

 

Calendar time of infection calculated as the number of days from 24 January 2020, when the first 
COVID-19 case was reported in the UK. Density estimated from 3,333 double-vaccinated participants 
and 9,854 unvaccinated participants before matching. 
 
 
Supplementary Figure 1 demonstrates that there was almost no common support in the 
distribution of calendar time of infection stratified by vaccination status when infected. This 
means that it was not possible to match double-vaccinated and unvaccinated participants on 
calendar time of infection. 
 
Furthermore, the position of the red vertical line in Supplementary Figure 1, denoting the 
introduction of the survey question on Long Covid on 3 February 2021, illustrates why time 
from infection to follow-up for Long Covid ≥12 weeks later tended to be longer for 
unvaccinated than double-vaccinated participants. It was therefore necessary to match on 
this duration, to avoid evaluating Long Covid symptoms in unvaccinated and double-
vaccinated participants at different stages of the illness as it progresses. 
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