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2 

Abstract 1 

 2 

We investigated Long Covid incidence by vaccination status in a random sample of UK 3 

adults from April 2020 to November 2021. Persistent symptoms were reported by 9.5% of 4 

3,090 breakthrough SARS-CoV-2 infections and 14.6% of unvaccinated controls (adjusted 5 

odds ratio 0.59, 95% CI: 0.50-0.69), emphasising the need for public health initiatives to 6 

increase population-level vaccine uptake. 7 

 8 

  9 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/advance-article/doi/10.1093/ofid/ofac464/6696170 by Southam

pton O
ceanography C

entre N
ational O

ceanographic Library user on 20 Septem
ber 2022



3 

Introduction 1 

 2 

Long-term symptoms following SARS-CoV-2 infection, often referred to as Long Covid, post-3 

acute COVID-19 syndrome, post-COVID condition, or post-acute sequelae of SARS-CoV-2, 4 

affect approximately 2% of the UK population, with two-thirds of these individuals 5 

experiencing functional impairment [1]. COVID-19 vaccines reduce rates of SARS-CoV-2 6 

infection [2] and transmission [3] and therefore Long Covid incidence. However, it is unclear 7 

to what extent vaccination reduces the risk of developing Long Covid symptoms following 8 

breakthrough infection, with mixed evidence to date [4,5]. 9 

 10 

To 25 January 2022, 16% of the UK population eligible for a second vaccination were yet to 11 

receive it [6], while vaccine coverage was lowest in disadvantaged groups, including ethnic 12 

minorities and deprived communities, where rates of infection have been highest [7]. 13 

Understanding the role of vaccines in Long Covid may therefore aid public health messaging 14 

and facilitate informed decision-making regarding vaccine uptake. We investigated whether 15 

infection following two doses of a COVID-19 vaccine is associated with a reduction in Long 16 

Covid symptoms after 12 weeks, relative to being unvaccinated when infected, using 17 

prospective data from a large, random sample of the UK population with routine testing for 18 

SARS-CoV-2. 19 

 20 

Methods 21 

 22 

Study data and design 23 

The main data source was the UK COVID-19 Infection Survey (CIS, ISRCTN21086382, 24 

https://www.ndm.ox.ac.uk/covid-19/covid-19-infection-survey/protocol-and-information-25 

sheets), run by the Office for National Statistics (ONS) and comprising a sample of over half 26 

a million participants randomly selected from the UK community population (excluding 27 
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communal establishments such as hospitals, care homes, halls of residence, and prisons). 1 

During the pilot phase of the survey from April to August 2020, households were selected 2 

from previous respondents to ONS surveys who had consented to participate in future 3 

research, achieving an enrolment rate of 51%. From August 2020, sampling was conducted 4 

by random selection from national address lists, with the enrolment rate dropping to 12%. 5 

Participants were compensated with a £50 voucher at enrolment and a £25 voucher at each 6 

follow-up visit. 7 

 8 

Ethical approval was obtained from the South Central Berkshire B Research Ethics 9 

Committee (20/SC/0195). At enrolment, adult participants provided written consent, including 10 

for optional weekly follow-up visits for one month followed by at least 12 monthly visits in the 11 

majority. 12 

 13 

We included CIS participants aged 18-69 years who tested positive for SARS-CoV-2, either 14 

by polymerase chain reaction test using swabs obtained at study visits (58.7% of infections) 15 

or any swab test in national testing programmes (self-reported by study participants), 16 

between 26 April 2020 (the start of the CIS) and 30 November 2021 (the latest available 17 

data at the time of analysis). We excluded participants who: reported suspected COVID-19 18 

or tested positive for antibodies (in the study or elsewhere) more than two weeks before their 19 

first positive swab; reported Long Covid symptoms at any time before their first positive 20 

swab; had never responded to the survey question on Long Covid (see ‘Outcome’ below) 21 

following its introduction on 3 February 2021; did not have ≥12 weeks of post-infection 22 

follow-up by 30 November 2021; or were single-vaccinated when infected. 23 

 24 

Exposure 25 

The exposure of interest was receipt of at least two doses of a COVID-19 vaccine 26 

(Oxford/AstraZeneca ChAdOx1 nCoV-19 [AZD1222], Pfizer/BioNTech BNT162b2, or 27 

Moderna mRNA-1273) ≥14 days before the first test-confirmed infection. Vaccination status 28 
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for participants in England was derived from survey data linked to National Immunisation 1 

Management System (NIMS) records, with the latter being prioritised where they conflicted 2 

with self-reports. Agreement rates between self-reported CIS data and NIMS records have 3 

previously been found to be high for both vaccination type (98%) and date (95% within one 4 

week) [8]. Administrative data were not available for participants in Wales, Scotland, and 5 

Northern Ireland (13.6%), thus vaccination status was derived solely from self-report. In 6 

sensitivity analysis, we restricted the analysis to participants living in England, thereby 7 

reducing the risk of exposure misclassification. 8 

 9 

Outcome 10 

The primary outcome was Long Covid status according to the survey question: “Would you 11 

describe yourself as having 'Long Covid', that is, you are still experiencing symptoms more 12 

than 4 weeks after you first had COVID-19, that are not explained by something else?” 13 

Participants were also asked whether their symptoms limited their ability to undertake daily 14 

activities. The survey questionnaire was administered by trained study workers during face-15 

to-face interviews conducted at participants’ homes. We considered participants’ first 16 

response ≥12 weeks after their first test-confirmed infection. Follow-up time was calculated 17 

as the number of days from infection to the first response to the CIS question on Long Covid 18 

(either positive or negative) ≥12 weeks later. 19 

 20 

Statistical methods 21 

We matched study participants who were double-vaccinated at time of infection to control 22 

participants who were unvaccinated when infected and remained so at their first follow-up 23 

visit ≥12 weeks later. Double-vaccinated and unvaccinated participants were 1:1 propensity-24 

score matched within calipers of 0.1 points of the propensity score on socio-demographic 25 

characteristics: single-year of age, sex, ethnicity (white or non-white), country/region of 26 

residence, area deprivation quintile group, and pre-existing health/disability status. To derive 27 

the latter, participants were asked: “Do you have any physical or mental health conditions or 28 
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6 

illnesses lasting or expected to last 12 months or more (excluding any long-lasting COVID-1 

19 symptoms)?” and “If yes, do any of your conditions or illnesses reduce your ability to 2 

carry-out day-to-day activities (a lot, a little, or not at all)?” 3 

 4 

Although a ‘post-treatment’ variable, we also included time from infection to follow-up for 5 

Long Covid in the matching set to avoid evaluating Long Covid symptoms in unvaccinated 6 

and double-vaccinated participants at different stages of the illness. To assess the 7 

robustness of our results to this choice, we performed a sensitivity analysis excluding follow-8 

up time from the matching set. 9 

 10 

Continuous variables (age and follow-up time) were modelled as restricted cubic splines, 11 

with boundary knots at the 10th and 90th percentiles and an internal knot at the median of the 12 

distributions. Large imbalance after matching was identified by absolute standardized 13 

differences >10% [9]. We were not able to match on date of infection (a surrogate for SARS-14 

CoV-2 variant); see the Discussion section. 15 

 16 

We estimated adjusted odds ratios (aOR) for Long Covid at ≥12 weeks using logistic 17 

regression including all covariates from the matching set, comparing participants who were 18 

double-vaccinated to those unvaccinated (reference group) when infected, using robust 19 

standard errors to account for matching. We interacted the exposure variable (double-20 

vaccinated versus unvaccinated) with time from infection to follow-up for Long Covid 21 

(continuous), and with adenovirus vector (Oxford/AstraZeneca) versus messenger 22 

ribonucleic acid (mRNA; Pfizer/BioNTech or Moderna) vaccines, to test for effect-23 

modification using a likelihood-ratio test. Statistical analyses were performed using R version 24 

3.6. 25 

 26 

 27 

 28 
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7 

 1 

Results 2 

 3 

Description of the study sample 4 

Of 3,333 eligible participants who were double-vaccinated before their first test-confirmed 5 

SARS-CoV-2 infection, 3,090 (92.7%) were 1:1 matched to participants who were 6 

unvaccinated when infected (from a pool of 9,854 potential control participants). See 7 

Supplementary Figure 1 for details of the study sample selection. Among double-8 

vaccinated participants, 2,287 (74.0%), 788 (25.5%) and 15 (0.5%) received 9 

Oxford/AstraZeneca, Pfizer/BioNTech, and Moderna vaccines, respectively. 10 

 11 

Most double-vaccinated participants (3,057, 98.9%) were infected after 17 May 2021, when 12 

the Delta variant dominated in the UK, while nearly all unvaccinated participants (3,082, 13 

99.7%) were infected before this date (Supplementary Figure 2). Median follow-up for Long 14 

Covid ≥12 weeks after infection among double-vaccinated and unvaccinated participants 15 

was 96 (IQR: 90 to 104) and 98 (89 to 109) days, respectively (Supplementary Figure 3). 16 

After matching, socio-demographic characteristics were generally well balanced for all 17 

variables except age (mean 49 versus 47 years for double-vaccinated versus unvaccinated, 18 

absolute standardized difference 19.6%) (Supplementary Table 1). 19 

 20 

Long Covid symptoms at follow-up 21 

Long Covid symptoms of any severity were reported by 294 double-vaccinated participants 22 

(prevalence 9.5%; 95% CI: 8.5% to 10.6%) versus 452 unvaccinated participants (14.6%; 23 

13.4% to 15.9%), and activity-limiting symptoms by 170 (5.5%; 4.8% to 6.4%) and 268 24 

(8.7%; 7.7% to 9.7%) participants, respectively. 25 

 26 
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8 

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 1 

activity-limiting symptoms in those infected after double vaccination compared with those 2 

who were infected when unvaccinated (Figure 1). There was no evidence of heterogeneity 3 

by time from infection to follow-up (p=0.65 for symptoms of any severity; p=0.68 for activity-4 

limiting symptoms), or between participants receiving adenovirus vector or mRNA vaccines 5 

(p=0.25 for symptoms of any severity; p=0.35 for activity-limiting symptoms). 6 

 7 

Sensitivity analysis demonstrated that the aOR increased when removing time from infection 8 

to follow-up for Long Covid from the matching set (to 0.68 [0.56 to 0.81] for the primary 9 

outcome), and further increased when it was also omitted from the covariate set in adjusted 10 

models (0.73 [0.62 to 0.85]) (Supplementary Table 2). However, the aOR remained below 11 

1 in all analyses. 12 

 13 

The main analysis results were also insensitive to restricting the study sample to the 2,311 14 

matched pairs (74.8%) for which both the double-vaccinated and unvaccinated participants 15 

lived in England (for whom NIMS data were available for linkage), with an aOR of 0.64 (0.53 16 

to 0.78) for the primary outcome (Supplementary Table 3), suggesting that exposure 17 

misclassification due to self-reporting of vaccination status is unlikely to have substantially 18 

impacted the main results. 19 

 20 

Discussion 21 

 22 

We found that receiving two COVID-19 vaccinations at least two weeks before SARS-CoV-2 23 

infection was associated with a 41% decrease in the odds of developing Long Covid 24 

symptoms at least 12 weeks later, relative to not being vaccinated when infected. Our results 25 

extend those already published, whereby the risk of Long Covid was approximately halved in 26 

people who were double-vaccinated when infected compared with those who were 27 
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9 

unvaccinated, but at four rather than 12 weeks post-infection [4]. Conclusions based on 1 

healthcare records rather than self-report (as in our study) are less clear, with vaccination 2 

associated with reduced rates of only specific symptoms [5] and diagnoses [10], though 3 

under-presentation, under-diagnosis, and under-recording are all possible [11]. 4 

 5 

The main study strength is that the CIS comprises a large sample of participants randomly 6 

selected from the population to minimise selection bias. Participants are routinely tested for 7 

SARS-CoV-2 at follow-up visits, therefore our study includes both asymptomatic and 8 

symptomatic infections, as well as self-reported tests. We considered participants’ first 9 

monthly CIS response that was at least 12 weeks after their positive test for SARS-CoV-2, 10 

thus time from infection to response could have been any duration from 12 weeks upwards. 11 

However, recall bias was not a concern because participants were asked about their current 12 

Long Covid status at the time of the follow-up visit (that is, prospective data collection), and 13 

we included time from infection to response in the matching set to ensure balanced follow-up 14 

time between double-vaccinated and unvaccinated groups. 15 

 16 

Although we adjusted for multiple factors related to vaccination uptake [7] and long-term 17 

symptoms [12], some unmeasured confounding may remain. In particular, because the 18 

question on Long Covid was not introduced until 3 February 2021, shortly after mass 19 

COVID-19 vaccination started in the UK on 8 December 2020, one key limitation is that it 20 

was not possible to match double-vaccinated and unvaccinated participants on calendar 21 

time of infection. Differences in the likelihood of developing Long Covid symptoms between 22 

exposure groups may therefore partly reflect changes in the dominant COVID-19 variant or 23 

other period effects, such as the introduction of NHS Long Covid assessment and 24 

rehabilitation services (though most patients are unlikely to be referred to these inside the 25 

first 12 weeks of illness). 26 

 27 
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10 

Long Covid status was self-reported, so outcome misclassification was possible. Some 1 

participants may have been experiencing symptoms because of a health condition unrelated 2 

to COVID-19, while others who did have Long Covid may not have described themselves as 3 

such (for example, due to the perceived stigma attached to the term [13]). Conversely, self-4 

recognition of Long Covid (participants’ perception of the change in their own health 5 

compared with pre-infection) may be more reliable than electronic health records in some 6 

respects, for example due to differences in healthcare seeking behaviours between socio-7 

demographic groups and Long Covid diagnoses being under-recorded in primary care [11]. 8 

Our key exposure was double vaccination, despite third and booster doses now being 9 

available, and the study period was before the Omicron variant became widespread. We 10 

were not able to investigate participants who were single-vaccinated when infected because 11 

nearly all of these received their second dose within the 12-week follow-up period, 12 

confounding any relationship between one dose at infection and Long Covid symptoms. 13 

 14 

There is potential for survivor bias because our study sample did not include people who 15 

were infected but subsequently dropped out of the survey before having had the opportunity 16 

to respond to the Long Covid question after it was introduced on 3 February 2021. This loss-17 

to-follow-up may be related to the likelihood of developing or reporting Long Covid 18 

symptoms, for example due to ill-health. However, after broadening the study cohort 19 

definition by dropping any exclusion criteria dependent on duration of follow-up after 20 

infection or response to the Long Covid question, just 3% of the resulting 37,145 participants 21 

never responded to the Long Covid question post-infection. Loss to follow-up is therefore 22 

unlikely to have materially impacted our findings. 23 

 24 

In conclusion, SARS-CoV-2 infection after double vaccination is associated with a reduced 25 

risk of developing Long Covid symptoms at least 12 weeks later compared with infection 26 

before vaccination, emphasising the need for public health initiatives to increase population-27 

level vaccine uptake. Studies with longer follow-up are needed to assess the impact of 28 
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11 

booster doses and the Omicron variant and to evaluate symptom trajectories beyond a 1 

single 12-week follow-up visit, particularly given the relapsing nature of Long Covid [14]. 2 

Further research into possible biological explanations behind our findings, which may inform 3 

therapeutic strategies for Long Covid, is also required. 4 

 5 
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Figure 1: Adjusted odds ratios for Long Covid symptoms ≥12 weeks after first infection, 1 

comparing matched study participants who were double-vaccinated or unvaccinated 2 

(reference group) before infection 3 

 4 

Odds ratios adjusted for socio-demographic characteristics (age, sex, white or non-white ethnicity, 5 

country/region of residence, area deprivation quintile group, and self-reported, pre-existing 6 

health/disability status) and time from infection to follow-up for Long Covid. Confidence intervals are 7 

at the 95% level. 8 

 9 
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