
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  
v e c  o m m  o n s .  o r  g / l  i c e  n s e s  / b  y - n c - n d / 4 . 0 /.

Yang et al. BMC Infectious Diseases          (2025) 25:214 
https://doi.org/10.1186/s12879-024-10097-6

BMC Infectious Diseases

*Correspondence:
Jingyan Yang
Jingyan.yang@pfizer.com

Full list of author information is available at the end of the article

Abstract
Background Long COVID, a diverse set of symptoms that persist after a minimum of 4 weeks from the initial 
SARS-CoV-2 infection, has posed substantial burden to healthcare systems. There is some evidence that COVID-19 
vaccination may be associated with lower risk of long COVID. However, little is known about the association between 
vaccination status and long COVID-associated healthcare resource utilisation (HCRU) and costs.

Methods We conducted a cohort study using primary care electronic health record data in England from the Clinical 
Practice Research Datalink (CPRD) Aurum dataset linked to Hospital Episode Statistics where available. Adult (≥ 18 
years) patients were indexed on a COVID-19 diagnosis between 1st March 2021 and 1st December 2021. Vaccination 
status was assessed at index: unvaccinated or completed primary series (two doses for immunocompetent and three 
doses for immunocompromised patients). Covariate balance was conducted using entropy balancing. Weighted 
multivariable Poisson regression was used to estimate the incidence rate ratio (IRR) for incident long COVID, and 
separately long COVID primary care resource use, by vaccination status. Patients were followed up to a maximum of 
9-months post index.

Results A total of 35,713 patients who had completed primary series vaccination, and 75,522 unvaccinated patients 
were included. The weighted and adjusted IRR for long COVID among patients vaccinated with the primary series 
compared to being unvaccinated was 0.81 (95% CI: 0.77–0.86) in the overall cohort, 0.83 (95% CI: 0.78–0.88) in the 
immunocompetent cohort and 0.28 (95% CI: 0.13–0.58) in the immunocompromised cohort. Among those with long 
COVID, there was no association between the rate of primary care consultations and vaccination status in the overall 
and immunocompetent cohorts. Cost of primary care consultations was greater in the unvaccinated group than for 
those who completed primary series.

Conclusion Vaccination against COVID-19 may reduce the risk of long COVID in both immunocompetent and 
immunocompromised patients. However, no association was found between frequency of primary care visits and 
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Background
As of December 2023, coronavirus disease 2019 (COVID-
19) has led to more than 21  million cases, more than 
1  million hospitalisations and approximately 197,000 
deaths in the UK [1]. Symptoms of infection may per-
sist for months, and in October 2021, the World Health 
Organization (WHO) released a clinical case definition 
for post-COVID-19 condition as symptoms that are pres-
ent 3 months after severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection with a minimum 
duration of 2 months which cannot be explained by alter-
native diagnosis [2]. These symptoms are collectively 
and commonly referred to as long COVID. The mani-
fested symptoms are heterogeneous, including fatigue, 
fever/chills, brain fog, and shortness of breath, and may 
be experienced for varying time periods [3, 4]. Long 
COVID impacts on multiple organ systems, with poten-
tially several hypotheses for its pathogenesis including 
immune dysregulation, microbiota disruption, blood 
clotting and endothelial abnormalities, autoimmunity 
and dysfunctional neurological signalling [5]. Data from 
the United Kingdom’s (UK) Office for National Statistics 
show that, as of 5th March 2023, long COVID affected 
approximately 3.0% of the population [6], although a 
Scottish cohort study has reported higher adjusted esti-
mates ranging from 6.6 to 10.4% for varying times since 
the initial infection [3]. The primary care costs (general 
practitioner [GP], nurse and physiotherapy visits) in 
non-hospitalised adults with long COVID in the UK are 
substantial and were estimated to cost the UK economy 
£23.4 million between May 2020 and April 2021 [7]. Fur-
ther, costs may be much higher as medication costs and 
other community care support have not been factored 
into these estimates. There is also some evidence showing 
long COVID is associated with poorer work productivity 
and quality of life, even among those who experienced 
mild-to-moderate infection [8–11].

In the UK, more than 75% of the population had 
received at least two doses of COVID vaccine by Septem-
ber 2021 [12]. Emerging evidence has suggested protec-
tive effects of vaccination on long COVID. A systematic 
review of observational studies (case control and cohort 
studies) demonstrated that COVID-19 vaccination prior 
to infection was significantly associated with reduced risk 
of long COVID [13]. Further, data from a French prospec-
tive cohort study demonstrated that among those with 
long COVID, vaccination was associated with reduced 
symptom severity [14]. However, the following limita-
tions have been noted: limited evidence arising from UK 

data; long COVID definitions based on self-report [15] 
or using the WHO definition for symptoms at the time 
of the study, which included fewer symptoms than more 
recent research [3, 16]. Additionally, previous research 
demonstrates immunocompromised patients are at 
higher risk of experiencing persistent SARS-CoV-2 infec-
tions [17, 18]. However,, little is known about the impact 
of vaccination on primary care resource use in long 
COVID patients in immunocompromised and immu-
nocompetent patients. We therefore conducted a retro-
spective study using data from a large UK primary care 
database to assess among patients who had been infected 
with pre-Omicron SARS-CoV-2 strains (1) the incidence 
of long COVID and (2) HCRU and costs among patients 
with long COVID, compared between patients who had 
completed primary series vaccination and unvaccinated 
patients.

Methods
Study design and setting
We conducted a population-based retrospective cohort 
study using primary care data from the Clinical Practice 
Research Datalink (CPRD-Aurum) and linked secondary 
care administrative data from Hospital Episode Statistics, 
Admitted Patient Care dataset (HES APC) where avail-
able. The May 2022 release of CPRD Aurum was used. 
The study design and methods have been described else-
where [19], with details around the two distinct mutually 
exclusive patient cohorts that were created to understand 
the impact of COVID: the hospitalised and primary care 
cohorts. The present study included patients from the 
primary care cohort only. See Supplementary Fig.  1 for 
the study design schematic.

Population
Adult patients (aged ≥ 18 years) diagnosed with COVID-
19 between 1st March 2021 and 31st March 2021 that 
did not have a record for a COVID-19 related hospitali-
sation (i.e. those with a COVID-19 hospitalisation dur-
ing March 2021 were not included) as well as all persons 
diagnosed on or after 1st April 2021 to 1st December 
2021 (the period of time for which CPRD did not have 
hospitalisation data available) were included in this 
cohort. The index period start date was chosen to align 
with the date of availability of the complete COVID-19 
vaccine primary series, whereas the end date was aligned 
to data availability and the period prior to the dominance 
of the Omicron variant in the UK.

vaccination among patients diagnosed in 2021. Future studies with larger sample size, higher vaccine uptake, and 
longer study periods during the pandemic are needed to further quantify the impact of vaccination on long COVID.
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Exposure
Details on COVID-19 vaccination definitions have been 
previously reported [19]. In brief, product and medical 
codes, regardless of brand, were considered. An immu-
nocompetent patient was considered vaccinated starting 
from 14 days after receipt of dose 2, and each dose was 
required to be separated by at least 21 days.

Immunocompromised patients are recommended an 
additional primary series dose (i.e. three doses) com-
pared to immunocompetent patients (i.e. two doses). 
Thus, vaccination status at index was determined based 
on immune system status, where patients were classified 
as immunocompromised at the time of receipt of first 
COVID-19 vaccine dose if they had one or more codes 
meeting Davidson et al..’s [20] definition of immunocom-
promised status.

For immunocompetent patients, vaccination sta-
tus at index (date of COVID-19 diagnosis) was defined 
according to whether they had received 0 doses (unvac-
cinated) or 2 primary doses [21]. For immunocompro-
mised patients, vaccination status was defined according 
to whether they had received 0 doses (unvaccinated) or 
3 primary doses [22]. Partially vaccinated patients were 
excluded.

Outcomes and follow-up
Primary analysis: long COVID
The primary outcome definition of long COVID was 
defined as having ≥ 1 long COVID signs or symptoms as 
identified by Subramanian et al. [3], or a long COVID pri-
mary care clinical code (diagnostic or referral code) ≥ 12 
weeks after the initial COVID-19 diagnosis. See Sup-
plementary file 1 for code lists used. All persons were 
required to have been registered at their GP practice for a 
minimum of 12 weeks. Time at risk commenced 12 weeks 
after the date of COVID-19 diagnosis until long COVID 
diagnosis, or persons were censored at the earliest of 
9-months follow-up (i.e. post COVID-19 diagnosis), rein-
fection, post-infection vaccination, date of transfer out of 
practice, death, or 31 March 2022.

Secondary analysis: Healthcare resource utilisation
Primary care consultations All-cause primary care con-
sultations, consisting of GP and/or nurse consultations, 
were reported after a patient was identified as having long 
COVID until a maximum follow-up of 9-months post-
index or censoring. This was defined as a maximum of one 
visit via telephone or face-to-face consultation per person 
per day, and any additional visits were considered as data 
capture errors.

Direct healthcare costs Primary care consultations 
(including GP and nurse visits) were costed using infor-
mation by the Personal Social Services Research Unit 

(PSSRU) [23] (see Supplementary file 2) and calculated 
for all-cause primary care consultations after a patient 
was identified as having long COVID until a maximum 
follow-up of 9-months post-index or censoring.

Covariates
The following sociodemographic characteristics were 
assessed at index: age (18–49; 50–64; 65–74; 75–84; and 
≥ 85 years), sex (male and female), region of GP practice 
(North East; North West; Yorkshire and The Humber; 
East Midlands; West Midlands; East of England; South 
East Coast; South West; and London), ethnicity (White; 
Black; Asian; Mixed; and other) and social deprivation 
(measured using quintiles of the 2019 Index of Mul-
tiple Deprivation [IMD] score). Clinical characteristics 
assessed during the baseline period included: smoking 
status history (current, former and non-smoker); body 
mass index (BMI) in the 5 years prior to index (under-
weight (< 18.5  kg/m2), normal (18.5–24.9), overweight 
(25.0-29.9); obese (≥ 30.0); and unknown); Quan-Charl-
son Comorbidity Index (CCI) 2005 [24] within two years 
prior to index (CCI score categories: 0; 1–2; and ≥ 3); per-
sons at higher risk of severe COVID-19 (high-risk and 
not at high-risk) defined by the UK’s COVID-19 vacci-
nation prioritisation criteria, the Green Book Chap. 14a 
[25]; frailty as per the electronic frailty index (eFI) [26] 
(fit and frail, with the latter defined as any level of frailty); 
influenza vaccination within 12 months prior to index 
(yes/no); and calendar quarter at index (quarter 1 [1st 
March 2021-31st May 2021]; quarter 2 [1st June 2021- 
31st August 2021]; quarter 3 [1st September 2021–1st 
December 2021]). Primary care resource use in the 5 
years prior to index was also assessed and defined as two 
separate variables: pre-pandemic (prior to 1st February 
2020) and during pandemic GP practice consultations 
(1st February and onwards).

Statistical analysis
To minimise confounding, entropy balancing weights 
were generated separately for the overall, immunocom-
petent and immunocompromised cohorts [27] (see 
Supplementary Table 1 for the weighted characteristics 
across each cohort). To obtain the average treatment 
effect (ATE), weights in each of the exposed (vaccinated) 
and unexposed (unvaccinated) groups were directly cali-
brated to match the distribution of each covariate in the 
overall study sample using a set of specified moment con-
ditions including the covariates’ mean, standard devia-
tion, and skewness, using the following: sex, GP practice 
region, ethnicity, IMD score, BMI score, Quan-CCI, 
high-risk status (the Green Book), frailty and influenza 
vaccination. Poisson regression was used to estimate 
unadjusted and adjusted incidence rate ratios, with 95% 
confidence intervals (CI), for long COVID incidence with 
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the use of robust standard errors to correct for overdis-
persion. This method was also used to assess the asso-
ciation between vaccination status and primary care 
consultations and costs, with the addition of previous 
primary care resource use in the entropy balancing to 
account for health seeking behaviours [28]. Additionally, 
all regression modelling adjusted for age, smoking status, 
calendar quarter at index. People who had missing data 
for age, sex, region, social deprivation or smoking status 
were excluded from the model. The absence of codes for 
comorbidities in the CCI, high risk definition or eFI was 
assumed to be the absence of the comorbidity. For BMI, 
an indicator variable was used for missing value as there 
were demographic and clinical differences between peo-
ple with and without BMI captured [19].

The following sensitivity analyses were conducted: (1) 
accelerated failure time (AFT) models were used due 
to the potential time-varying nature of long COVID 
to assess whether patterns differed to the main Poisson 
regression analysis, (2) using an alternative long COVID 
definition, where long COVID signs and symptoms or a 
long COVID clinical code were observed ≥ 4 weeks after 
the index date, and (3) primary care consultations were 
restricted to GP/nurse visits with a long COVID clinical 
code only.

Outcomes were evaluated by immunocompromised 
status, and high-risk status in the overall and immuno-
competent cohorts. Results for < 5 patients were sup-
pressed to comply with CPRD reporting rules, with 
secondary suppression implemented where relevant. All 
analyses were conducted in STATA V18.0.

Results
A total of 111,235 adults with COVID-19 were included 
in this study; of whom, 67.9% (n = 75,522) were unvacci-
nated and 32.1% (n = 35,713) had completed the primary 
series (Supplementary Fig. 2). Similar distributions were 
observed in the immunocompetent cohort (unvaccinated 
group: 66.5% [n = 70,145]; primary series group 33.5% 
[n = 35,335]). However, among the 5,755 in the immu-
nocompromised group, 93.4% (n = 5,377) were unvacci-
nated, and 6.6% (n = 378) completed the primary vaccine 
series.

Numerical differences in patient baseline characteris-
tics by vaccination status were observed prior to entropy 
balancing (Table  1). In the overall cohort, and stratified 
by immune system status, those who completed the pri-
mary series were older, more likely White ethnicity, less 
deprived, less likely in London and more likely in South 
East than the unvaccinated group. When assessing the 
sociodemographic and clinical characteristics, patients 
who had completed the primary series were less likely 
current smokers, more likely overweight or obese, had 
greater comorbidity burden, more frail and at higher 

risk of severe COVID-19. See Supplementary Table 1 for 
weighted characteristics and Supplementary Table 2 for 
other unweighted baseline characteristics.

Primary analysis
In the overall cohort, the crude long COVID incidence 
rate per 1,000 person-months was higher for the pri-
mary series group than the unvaccinated group, yield-
ing a crude incidence rate ratio (IRR) greater than 1.0 
for the primary series group (Table  2). However, after 
entropy balancing and further adjusting for covariates, 
the incidence rate of long COVID among patients who 
completed the primary series was significantly lower 
than unvaccinated patients (adjusted IRR: 0.81; 95% CI: 
0.77–0.86).

Long COVID incidence by immune system status
When stratified by immune system status, similar pat-
terns were observed in the immunocompetent cohort: 
IRR = 0.83; 95% CI: 0.78–0.88. Within the immunocom-
promised cohort a stronger association was noted, as 
were wide confidence intervals: IRR = 0.28; 95% CI: 0.13–
0.58 (Table 2).

When applying the sensitivity analyses using AFT 
modelling, to assess the association between long COVID 
incidence and vaccination status, similar patterns were 
noted as observed in the main analysis [Supplementary 
Figs.  3 and 4, and Supplementary Table 3]. Separately, 
when using the alternative long COVID definition similar 
patterns were observed in the overall and immunocom-
petent cohorts, but no significant association between 
vaccination status and long COVID was found in the 
immunocompromised cohort (Supplementary Table 4).

Long COVID incidence by immune system status and high-
risk status
Among those at high-risk, weighted and adjusted esti-
mates demonstrated a significant reduction in long 
COVID IRR with primary series for the overall cohort 
(IRR = 0.82; 95% CI 0.70–0.95) and immunocompetent 
cohort (IRR = 0.82, 95% CI 0.70–0.96) (Table  3, immu-
nocompromised cohort not shown due to concordance 
with high risk definition). Similar patterns were observed 
among those who were not at high-risk (Supplementary 
Table 5).

Secondary analysis
The association between vaccination status and primary care 
consultations in patients with long COVID by immune system 
status and high-risk status
No significant associations were found between vac-
cination status and primary care consultation rate in 
the overall and immunocompetent cohorts (Table  4). 
These findings were also observed when applying the 
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alternative long COVID definition sensitivity analysis 
(Supplementary Table 6). When restricting primary care 
visits to those with a long COVID clinical code only, we 
observed significantly greater primary care consulta-
tions among the primary series group when compared 
to the unvaccinated group, in the overall (IRR: 1.15; 95% 
CI: 1.11–1.21) and immunocompetent cohorts (IRR: 

1.16; 95% CI: 1.11–1.21) (Supplementary Table 7). Only 
descriptive analyses were reported for the immunocom-
promised cohort due to the small sample size for the pri-
mary series group (n = 36). Among those at high-risk, no 
significant association was found between vaccination 
status and primary care consultation rate in the overall 
high-risk cohort and immunocompetent cohorts, with 

Table 1 Unweighted sociodemographic and clinical characteristics by vaccination status in the overall, immunocompromised and 
immunocompetent cohorts

Overall cohort Immunocompetent cohort Immunocompromised cohort
Unvaccinated
(n = 75,522)

Primary 
series
(n = 35,713)

SMD Unvaccinated
(n = 70,145)

Primary 
series
(n = 35,335)

SMD Unvacci-
nated
(n = 5,377)

Primary 
series
(n = 378)

SMD

Sex: Female, n (%) 41,740 (55.3) 22,022 (61.7) 0.130 38,470 (54.8) 21,804 (61.7) 0.140 3,270 (60.8) 218 (57.7) 0.064
Ethnicity, n (%)a

 White 59,028 (78.2) 31,299 (87.6) 0.254 54,858 (78.2) 30,943 (87.6) 0.251 4,170 (77.6) 356 (94.2) 0.491
 Black 5,714 (7.6) 568 (1.6) 0.289 5,351 (7.6) 565 (1.6) 0.290 363 (6.8) < 5 0.316
 Asian 6,282 (8.3) 2,928 (8.2) 0.004 5,702 (8.1) 2,916 (8.3) 0.005 580 (10.8) 12 (3.2) 0.302
 Mixed 1,907 (2.5) 328 (0.9) 0.124 1,781 (2.5) 326 (0.9) 0.124 126 (2.3) < 5 0.153
 Other 2,591 (3.4) 590 (1.7) 0.113 2,453 (3.5) 585 (1.7) 0.116 138 (2.6) 5 (1.3) 0.090
Index of Multiple Deprivation 
(2019), n (%)
 Quintile 1 (least deprived) 8,449 (11.2) 7,388 (20.7) 0.262 7,869 (11.2) 7,285 (20.6) 0.259 580 (10.8) 103 (27.3) 0.429
 Quintile 2 11,294 (15.0) 7,617 (21.3) 0.166 10,506 (15.0) 7,542 (21.3) 0.166 788 (14.7) 75 (19.8) 0.137
 Quintile 3 13,296 (17.6) 6,932 (19.4) 0.046 12,404 (17.7) 6,842 (19.4) 0.043 892 (16.6) 90 (23.8) 0.180
 Quintile 4 18,730 (24.8) 7,096 (19.9) 0.119 17,367 (24.8) 7,028 (19.9) 0.117 1,363 (25.4) 68 (18.0) 0.179
 Quintile 5 (most deprived) 23,753 (31.5) 6,680 (18.7) 0.297 21,999 (31.4) 6,638 (18.8) 0.293 1,754 (32.6) 42 (11.1) 0.539
GP practice region, n (%)
 East Midlands 1,647 (2.2) 718 (2.0) 0.012 1,536 (2.2) 709 (2.0) 0.013 111 (2.1) 9 (2.4) 0.021
 East of England 2,073 (2.7) 1,315 (3.7) 0.053 1,941 (2.8) 1,299 (3.7) 0.052 132 (2.5) 16 (4.2) 0.099
 London 15,910 (21.1) 4,911 (13.8) 0.194 14,781 (21.1) 4,857 (13.8) 0.194 1,129 (21.0) 54 (14.3) 0.177
 North East 3,521 (4.7) 1,635 (4.6) 0.004 3,252 (4.6) 1,622 (4.6) 0.002 269 (5.0) 13 (3.4) 0.078
 North West 18,197 (24.1) 8,416 (23.6) 0.012 16,824 (24.0) 8,336 (23.6) 0.009 1,373 (25.5) 80 (21.2) 0.103
 South East 10,439 (13.8) 6,667 (18.7) 0.132 9,740 (13.9) 6,581 (18.6) 0.129 699 (13.0) 86 (22.8) 0.256
 South West 7,906 (10.5) 4,681 (13.1) 0.082 7,324 (10.4) 4,620 (13.1) 0.082 582 (10.8) 61 (16.1) 0.156
 West Midlands 13,403 (17.8) 6,289 (17.6) -0.004 12,490 (17.8) 6,243 (17.7) 0.004 913 (17.0) 46 (12.2) 0.137
 Yorkshire and The Humber 2,426 (3.2) 1,081 (3.0) 0.011 2,257 (3.2) 1,068 (3.0) 0.011 169 (3.1) 13 (3.4) 0.017
BMI in kg/m2, n (%)
 Underweight 1,626 (2.2) 429 (1.2) 0.074 1,506 (2.2) 423 (1.2) 0.074 120 (2.2) 6 (1.6) 0.047
 Normal 18,948 (25.1) 8475 (23.7) 0.032 17,547 (25.0) 8,386 (23.7) 0.030 1,401 (26.1) 89 (23.5) 0.058
 Overweight 13,751 (18.2) 8175 (22.9) 0.116 12,605 (18.0) 8,063 (22.8) 0.121 1,146 (21.3) 112 (29.6) 0.192
 Obese 11,901 (15.8) 8415 (23.6) 0.197 10,857 (15.5) 8,298 (23.5) 0.203 1,044 (19.4) 117 (31.0) 0.268
 Unknown 29,296 (38.8) 10,219 (28.6) 0.217 27,630 (39.4) 10,165 (28.8) 0.226 1,666 (31.0) 54 (14.3) 0.407
Quan-CCI, n (%)
 0 57,866 (76.6) 24,142 (67.6) 0.202 54,366 (77.5) 24,047 (68.1) 0.214 3,500 (65.1) 95 (25.1) 0.876
 1–2 16,538 (21.9) 9765 (27.3) 0.127 14,935 (21.3) 9,584 (27.1) 0.136 1,603 (29.8) 181 (47.9) 0.377
 3+ 1,118 (1.5) 1,806 (5.1) 0.202 844 (1.2) 1,704 (4.8) 0.213 274 (5.1) 102 (27.0) 0.624
Frail, n (%) 1,163 (1.5) 2,242 (6.3) 0.246 937 (1.3) 2,160 (6.1) 0.254 226 (4.2) 82 (21.7) 0.539
At risk of severe COVID-19
(The Green book), n (%)

8,062 (10.7) 4845 (13.6) 0.089 7,020 (10.0) 4,674 (13.2) 0.101 1,042 (19.4) 171 (45.2) 0.575

Influenza vaccine, n (%) 570 (0.8) 1903 (5.3) 0.269 484 (0.7) 1,861 (5.3) 0.272 86 (1.6) 42 (11.1) 0.397
Abbreviations: SD: standard deviation; GP: general practitioner; BMI: body mass index; CCI: Charlson comorbidity index; SMD: standardised mean difference
aWhite (White; British White; Irish White; any other White background); Black (Black Caribbean; Caribbean [Black or Black British]; Black African; African [Black or 
Black British]; Black other; any Black background); Asian (Indian; Indian [Asian or Asian British]; Pakistani; Pakistani [Asian or Asian British]; Bangladeshi; Bangladeshi 
[Asian or Asian British]; any other Asian background; Chinese; Chinese [other ethnic group]); Mixed (White and Black Caribbean [Mixed]; White and Black African 
[Mixed]; White and Asian [Mixed]; any other Mixed background); Other (any other ethnic group)



Page 6 of 10Yang et al. BMC Infectious Diseases          (2025) 25:214 

similar patterns observed in those who were not at high-
risk (Supplementary Table 8).

Primary care consultation costs in long COVID patients by 
immune system status and high-risk status
No significant associations were found between vac-
cination status and primary care consultation costs 

(Supplementary Table 9). The overall mean costs were 
higher in the unvaccinated group than the group who had 
received the primary series (Table  5). These costs were 
similar in the immunocompetent cohort but were more 
pronounced in the immunocompromised cohort. Com-
parable patterns were observed when stratified by high-
risk status, and separately, when applying the sensitivity 
analyses by restricting primary care visits to those with 
a long COVID clinical code only (Supplementary Table 
10). However, patterns were less clear when applying the 
alternative long COVID definition (Supplementary Table 
11).

Discussion
In this study, completion of a COVID-19 vaccine primary 
series was associated with a lower incidence rate of long 
COVID. The association was more pronounced, although 
with wide confidence intervals, in the immunocom-
promised cohort. These findings were unchanged when 
assessed among those at high-risk of severe COVID-19. 
Among those with long COVID, there was no difference 
in primary care consultations between vaccinated and 
unvaccinated persons.

Our findings align with a recent systematic review [29], 
observational evidence from three European countries 
[30] and observational evidence with a focus on spe-
cific post-COVID-19 conditions [31, 32] on the poten-
tial preventative effects of primary series vaccination on 
developing long COVID. While our findings showed a 
stronger positive association of primary series vaccina-
tion and lower long COVID incidence in immunocom-
promised patients than in the overall cohort it should 
be noted that a relatively small (n = 378; 6.6%) group of 
immunocompromised patients had received the primary 
series at index, which was proportionally a much lower 
number of vaccinated patients than in the overall and 

Table 2 Incidence rates and incidence rate ratio for long COVID, by immune system status
Overall cohort Immunocompetent 

cohort
Immunocompro-
mised cohort

Unvacci-
nated
(n = 75,522)

Primary 
series
(n = 35,713)

Unvacci-
nated
(n = 70,145)

Primary 
series
(n = 35,335)

Unvacci-
nated
(n = 5,377)

Primary 
series
(n = 378)

Long COVID incidence, n (%) 12,197 (16.2) 3,286 (9.2) 11,079 (15.8) 3,250 (9.2) 1,118 (20.8) 36 (9.5)
Mean follow-up, months (SD) 2.7 (1.8) 1.4 (1.1) 2.8 (1.8) 1.4 (1.1) 2.6 (1.8) 1.0 (0.6)
Crude person months 207,173 50,738 192,981 50,348 14,191 390
Unweighted long COVID incidence rate per 1,000 person months 58.87 64.76 57.41 64.55 78.78 92.36
Weighted long COVID incidence rate per 1,000 person months 84.32 68.46 81.83 67.97 119.49 33.35
Unweighted IRR (95% CI) - 1.10 

(1.06–1.14)**
- 1.12 

(1.08–1.17)**
- 1.17 

(0.82–1.63)
Weighted and adjusted IRR (95% CI) - 0.81

(0.77–0.86)**
- 0.83

(0.78–0.88)**
- 0.28

(0.13–
0.58)**

**p < 0.01

Abbreviations: SD: standard deviation; IRR: incidence rate ratio; CI: confidence interval

Table 3 Incidence rates and incidence rate ratio for long COVID 
among those at a higher risk of severe COVID-19 in the overall 
and immunocompetent cohorts

Overall high-risk 
cohort 

Patients at high-risk 
within the immuno-
competent cohort

Unvacci-
nated
(n = 8,062)

Primary 
series
(n = 4,845)

Unvacci-
nated
(n = 7,020)

Primary 
series
(n = 4,674)

Long COVID 
incidence, n (%)

2,036 (25.3) 661 (13.6) 1,735 (24.7) 636 (13.6)

Mean follow-up, 
months (SD)

2.5 (1.7) 1.3 (1.0) 2.5 (1.7) 1.3 (1.0)

Crude person 
months

20,131 6,300 17,553 6,138

Unweighted long 
COVID incidence 
rate per 1,000 
person months

101.14 104.92 98.84 103.62

Weighted long 
COVID incidence 
rate per 1,000 
person months

138.82 113.15 136.16 111.71

Unweighted and 
unadjusted IRR 
(95% CI)

- 1.04
(0.95–1.13)

- 1.05
(0.96–1.15)

Weighted and 
adjusted IRR 
(95% CI)

- 0.82
(0.70–
0.95)**

- 0.82
(0.70–
0.96)*

*p < 0.05; **p < 0.01

Abbreviations: SD: standard deviation; IRR: incidence rate ratio; CI: confidence 
interval
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immunocompetent cohorts. This smaller sample size 
during our study period is expected as the UK’s Joint 
Committee on Vaccination and Immunisation (JCVI) 
recommended a third primary dose for immunocom-
promised patients on 1st September 2021, which was 
towards the end of the study index period [33].

Nevertheless, evidence on the risk of developing long 
COVID by immune system status is limited [34], and our 
study supports a potential protective effect of COVID-19 
vaccination against long COVID in both immunocom-
promised and immunocompetent patients. The reduced 
long COVID IRRs observed in immunocompromised 

patients may in-part be explained by the intrinsic dif-
ferences between immunocompromised and immuno-
competent patients. Immunocompromised patients have 
an increased susceptibility to developing complications 
from COVID-19, with some patients being more likely to 
experience persistent SARS-CoV-2 infections [18, 35, 36]; 
this may translate into severe long COVID presentations 
in certain immunocompromised patients.

The similar findings we observed between those 
who were and were not at high risk may be attributed 
to our defined population; we only capture patients in 
the primary care setting, who were more likely to be 

Table 4 Primary care consultation rates and incidence rate ratio in long COVID patients, by immune system status
Overall cohort Immunocompetent 

cohort
Immunocompro-
mised cohort1

Unvacci-
nated
(n = 12,197)

Primary 
series
(n = 3,286)

Unvacci-
nated
(n = 11,079)

Primary 
series
(n = 3,250)

Unvacci-
nated
(n = 1,118)

Pri-
mary 
series
(n = 36)

Total number of primary care consultations 31,749 6,539 28,389 6,447 3,360 92
Mean follow-up, months (SD) 2.3 (1.5) 1.5 (1.1) 2.3 (1.5) 1.5 (1.1) 2.4 (1.6) 0.9 (0.6)
Crude person months 28,643 4,889 25,989 4,856 2,653 33
Unweighted primary care consultation rate per person months 1.11 1.34 1.09 1.33 1.24 2.75
Weighted primary care consultation rate per person months 1.21 1.24 1.20 1.23 - -
Unweighted and unadjusted IRR
(95% CI)

- 1.21
(1.17–1.24)**

- 1.22
(1.18–1.25)**

- -

Weighted and adjusted IRR (95% CI) - 1.02
(0.97–1.06)

- 1.02
(0.98–1.07)

- -

**p < 0.01

Abbreviations: SD: standard deviation; IRR: incidence rate ratio; CI: confidence interval
1 Descriptive analyses are reported in the immunocompromised cohort due to the small sample size in the primary series group

Table 5 Primary care consultation costs in long COVID patients by immune system status and high-risk status
Overall cohort Immunocompetent cohort Immunocompro-

mised cohort
Unvaccinated
(n = 12,197)

Primary series
(n = 3,286)

Unvaccinated
(n = 11,079)

Primary series
(n = 3,250)

Unvacci-
nated
(n = 1,118)

Pri-
mary 
series
(n = 36)

Overall
Mean primary care consultation costs, £ (SD) 55.6 (59.7) 43.1 (45.5) 54.7 (59.2) 43.0 (45.3) 64.2 (64.2) 53.6 

(62.1)
Median primary care consultation costs, £ (Q1, Q3) 39.2 (15.5, 75.6) 31.0 (15.5, 54.8) 39.2 (15.5, 70.3) 31.0 (15.5, 54.8) 44.6 (15.5, 

85.8)
31.0 
(15.5, 
66.4)

Patients at a higher risk of severe COVID-19
Unvaccinated
(n = 2,036)

Primary series
(n = 661)

Unvaccinated
(n = 1,735)

Primary series
(n = 636)

n/a

Mean primary care consultation costs, £ (SD) 70.1 (78.2) 49.5 (56.8) 69.5 (79.5) 48.9 (56.2)
Median primary care consultation costs, £ (Q1, Q3) 46.6 (15.5, 93.7) 39.2 (15.5, 62.1) 46.6 (15.5, 92.6) 39.2 (15.5, 62.1)
Patients not at a higher risk of severe COVID-19

Unvaccinated
(n = 10,161)

Primary series
(n = 2,625)

Unvaccinated
(n = 9,344)

Primary series
(n = 2,614)

n/a

Mean primary care consultation costs, £ (SD) 52.6 (54.8) 41.5 (42.1) 51.9 (54.1) 41.6 (42.1)
Median primary care consultation costs, £ (Q1, Q3) 39.2 (15.5, 70.3) 31.0 (15.5, 54.8) 39.2 (15.5, 70.3) 31.0 (15.5, 54.8)
Abbreviations: £: British pound sterling; SD: standard deviation; Q1: quartile 1; Q3: quartile 3; n/a: not applicable
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mild-to-moderate long COVID cases than those receiv-
ing care for COVID-19 in hospital, whilst a stronger vac-
cination impact has been previously observed in severe 
long COVID cases with functional impairment [37].

To our knowledge this is the first study to assess the 
effects of vaccination on long COVID related HCRU 
and costs in the overall population and by immune sys-
tem status. We hypothesised, completion of the primary 
series would be associated with a lower rate of HCRU and 
costs, however no association between primary series 
vaccination and primary care consultations and costs 
among those with long COVID was observed. These 
findings may be attributed to ascertainment bias, where 
we may expect to observe greater health seeking behav-
iour among vaccinated patients [28]. Whilst the analy-
ses included prior primary care resource use prior as a 
covariate, this proxy may have only partially measured 
and adjusted for health seeking behaviour [38]. It is also 
possible that our all-cause HCRU definition had limited 
sensitivity and to address this we conducted a sensitivity 
analysis which limited the definition of primary care con-
sultations to those associated with a long COVID clini-
cal code. For this analysis we observed our hypothesised 
relationship: a significantly greater rate of resource use in 
the primary series group compared to the unvaccinated 
group.

Our study had several limitations. Firstly, the opera-
tionalised definition of long COVID applied in this study 
was based on clinical coded data of signs/symptoms or 
long COVID diagnosis codes, and therefore may under-
represent the true burden of long COVID. Further, due 
to the nature of electronic health records we were unable 
to apply part of WHO’s definition of long COVID: 
patients with long COVID signs/symptoms persisting 
for ≥ 2 months [2] which cannot be explained by alter-
native diagnosis, and therefore may have misclassified 
some patients as having long COVID. Evidence using UK 
primary care records demonstrates only 20% of symp-
toms are captured as a clinical code, with the remaining 
80% as free text in COVID-19 patients [39], which may 
lead to potential underestimation of long COVID. As 
some SARS-CoV-2 cases are missing from primary care 
records and some patients may have a long COVID diag-
nostic code but no GP record of a positive SARS-CoV-2 
test ≥ 12 weeks prior to this [40], this study may have been 
affected by selection bias [41]. However, we would expect 
this bias to equally affect the primary series and unvacci-
nated groups, and therefore should have minimal impact 
on the associations observed. The relatively short index-
ing period of 9 months may not fully represent patients 
with diagnosed with COVID-19 during earlier or later 
time periods. Further, the short follow-up period (< 3 
months across most analyses) across both groups, but 
particularly the primary series group, may mean the full 

impact of long COVID (both incidence and primary care 
resource use) may have been underestimated. Prior to 
entropy balancing, those who had received the primary 
series were older, more commonly overweight/obese, 
had greater comorbidity burden, a greater proportion of 
patients with frailty and at higher-risk of severe COVID-
19; such characteristics are associated with greater mor-
bidity and therefore greater need for more frequent 
healthcare services interaction, which is supported by the 
higher baseline primary care consultation rates observed 
in the vaccinated than the unvaccinated group. Where 
patients more regularly interact with the healthcare sys-
tem for non-long COVID related reasons, we expect an 
increased degree of misclassification of diagnoses as long 
COVID cases, leading to an overestimation of the inci-
dence of long COVID within this group. Whilst stratifica-
tion by immune system status is a strength of this study, 
the sample size of the immunocompromised cohort was 
small, particularly those who had completed the 3-dose 
primary series. As the policy on offering a third dose in 
immunocompromised patients was introduced towards 
the end of the study index period, 5,332 immunocompro-
mised patients were considered as partially vaccinated 
and excluded from this study. This may have led to an 
underestimation of the protective impact of vaccination 
in this population.

To limit confounding, we applied entropy balanc-
ing and accounted for many important covariates in the 
regression models. However, residual confounding may 
nonetheless be present. Finally, evidence from a system-
atic review demonstrates that the risk of long COVID is 
higher among patients who had severe COVID during 
the acute phase (i.e., hospitalised). However, due to data 
latency, HES APC data were only available up to March 
2021; we were unable to stratify the analysis by hospi-
talisation status, and hence some patients in this primary 
care cohort may have been misclassified.

Conclusions
Our study highlights the importance of continuing efforts 
with the COVID-19 vaccination in the UK to prevent or 
reduce the risk of developing long COVID, which may 
help to alleviate the long COVID economic burden in 
the primary care setting. It is one of the few studies using 
national data to characterise long covid by immune status 
and high-risk status. While the study period was short 
due to data availability, our novel evidence provides a 
reference point that was previously lacking, from which 
further research on this topic with longer follow up can 
compare against.
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