
RESEARCH

the bmj | BMJ 2023;383:e076990 | doi: 10.1136/bmj-2023-076990 1

Covid-19 vaccine effectiveness against post-covid-19 condition 
among 589 722 individuals in Sweden: population based cohort 
study
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AbstrAct
Objective
To investigate the effectiveness of primary covid-19 
vaccination (first two doses and first booster dose 
within the recommended schedule) against post-
covid-19 condition (PCC).
Design
Population based cohort study.
setting
Swedish Covid-19 Investigation for Future Insights—a 
Population Epidemiology Approach using Register 
Linkage (SCIFI-PEARL) project, a register based cohort 
study in Sweden.
ParticiPants
All adults (≥18 years) with covid-19 first registered 
between 27 December 2020 and 9 February 2022 
(n=589 722) in the two largest regions of Sweden. 
Individuals were followed from a first infection until 
death, emigration, vaccination, reinfection, a PCC 
diagnosis (ICD-10 diagnosis code U09.9), or end of 
follow-up (30 November 2022), whichever came first. 
Individuals who had received at least one dose of a 
covid-19 vaccine before infection were considered 
vaccinated.
Main OutcOMe Measure
The primary outcome was a clinical diagnosis of PCC. 
Vaccine effectiveness against PCC was estimated using 
Cox regressions adjusted for age, sex, comorbidities 
(diabetes and cardiovascular, respiratory, and 
psychiatric disease), number of healthcare contacts 
during 2019, socioeconomic factors, and dominant 
virus variant at time of infection.
results
Of 299 692 vaccinated individuals with covid-19, 
1201 (0.4%) had a diagnosis of PCC during follow-up, 
compared with 4118 (1.4%) of 290 030 unvaccinated 

individuals. Covid-19 vaccination with any number 
of doses before infection was associated with a 
reduced risk of PCC (adjusted hazard ratio 0.42, 95% 
confidence interval 0.38 to 0.46), with a vaccine 
effectiveness of 58%. Of the vaccinated individuals, 
21 111 received one dose only, 205 650 received 
two doses, and 72 931 received three or more doses. 
Vaccine effectiveness against PCC for one dose, two 
doses, and three or more doses was 21%, 59%, and 
73%, respectively.
cOnclusiOns
The results of this study suggest a strong association 
between covid-19 vaccination before infection 
and reduced risk of receiving a diagnosis of PCC. 
The findings highlight the importance of primary 
vaccination against covid-19 to reduce the population 
burden of PCC.

Introduction
A global pandemic due to covid-19 was declared in 
March 2020, and by June 2023 just over 767 million 
covid-19 cases, including 6.9 million deaths, had been 
reported to the World Health Organization.1 Effective 
vaccines against covid-19 were rapidly developed, and 
the first vaccine dose in Sweden was administered in 
December 2020, less than one year after the start of the 
pandemic.2 The efficacy and effectiveness of covid-19 
vaccines against SARS-CoV-2 infection and severe 
manifestations of acute covid-19 have been shown.3-6 
Shortly after the start of the pandemic, reports emerged 
describing persistent symptoms among some people 
who had recovered from covid-19, regardless of 
whether they had been admitted to hospital with the 
disease, often referred to as long covid or post-covid-19 
condition (PCC). We previously found that 2% of adults 
with covid-19 in Sweden received a diagnosis of PCC, 
although studies relying on self-reported persistent 
symptoms usually report a higher incidence rate. A 
recent umbrella review showed that the prevalence 
of prolonged symptoms of covid-19 varied between 
2% and 53% among different study populations.7 
Generally described symptoms of PCC include fatigue, 
dyspnoea, cognitive impairment, headache, muscle 
pain, and cardiac abnormalities such as chest pain and 
palpitations.8 Furthermore, by using machine learning 
algorithms a recent study identified four clinical 
phenotype clusters within the PCC group; chronic 
fatigue-like syndrome, respiratory syndrome, chronic 
pain syndrome, and neurosensorial syndrome.9 
According to a Delphi consensus held by WHO, PCC 
can occur “in individuals with a history of probable or 
confirmed SARS-CoV-2 infection, usually three months 
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WhAt Is AlreAdy knoWn on thIs topIc
The efficacy and effectiveness of covid-19 vaccines against SARS-CoV-2 infection 
and severe manifestations of acute covid-19 have been shown
The effectiveness of covid-19 vaccines on post-covid-19 condition (PCC) has 
been less evaluated using population based real world data

WhAt thIs study Adds
The findings suggest a strong association between receiving the first three doses 
of vaccine before covid-19 and a reduced risk of receiving a diagnosis of PCC
Vaccine effectiveness increased with each successive dose
These results highlight the importance of primary vaccination against covid-19 to 
reduce the burden of PCC in the population
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from the onset of covid-19 with symptoms that last for 
at least two months and cannot be explained by an 
alternative diagnosis.”10 Few studies have evaluated 
the effectiveness of covid-19 vaccines to prevent PCC 
in large population based settings. A recent systematic 
review concluded that receiving a covid-19 vaccine 
before SARS-CoV-2 infection had a protective effect 
against PCC in 10 of the 12 included studies, with effect 
estimates (odds ratios and hazard ratios) ranging from 
0.48 to 0.87 for any vaccine dose before infection.11 
The authors did not, however, conduct a meta-analysis 
because of the high heterogeneity in the methodology 
and data between studies. They concluded that owing 
to inadequate adjustment for confounders and risk of 
bias in the included studies, the certainty of evidence 
was low.

Sweden has a long history of collecting health 
and demographic data from its population in 
national registers. By using an individual’s personal 
identification number as the unique identifier in 
multiple registers, it is possible to link information 
between different data sources with high linkage 
quality.12 In Sweden, the ICD-10 (international 
classification of diseases, 10th revision) diagnosis 
code for PCC (U09.9) had already been implemented in 
October 2020. Since then the National Board of Health 
and Welfare has encouraged the use of the diagnosis 
code for conditions related to previous covid-19 and 
describes it as: “An additional code that can be used 
to describe a condition’s association with covid-19.” 
During the pandemic, the National Board of Health 
and Welfare continuously released reports describing 
the prevalence of PCC using the diagnosis code from 
specialist healthcare and aggregated level data from 
primary healthcare.13-15 We have recently shown that 
most patients (>85%) with a PCC diagnosis in Sweden 
received their diagnosis in primary healthcare.16 

Hence the use of individual level primary healthcare 
data is vital when studying PCC in Sweden. Through 
the SCIFI-PEARL (Swedish Covid-19 Investigation for 
Future Insights—a Population Epidemiology Approach 
using Register Linkage) project database, we had 
access to national register data on vaccination status, 
diseases, sociodemographic information, and primary 
healthcare data from the two largest regions of Sweden 
(covering about 40% of the Swedish population). We 
investigated the effectiveness of primary covid-19 
vaccination (the first two vaccine doses and the first 
booster dose within the recommended schedule) 
against PCC among individuals vaccinated before 
infection using real world data.

Methods
study design and data sources
This population based cohort study is part of 
the project SCIFI-PEARL, a nationwide linked 
multiregister, observational study of the covid-19 
pandemic in Sweden.17 Because primary healthcare 
data are important when studying PCC in Sweden,16 
we used register data for all adult (≥18 years) residents 
in Region Stockholm and Region Västra Götaland 
(Sweden’s two largest regions, covering about 40% of 
the Swedish population18), from which we had access 
to information from primary healthcare. By using 
unique personal identification numbers, we retrieved 
data on administered covid-19 vaccines for each 
individual from the National Vaccination Register; 
positive SARS-CoV-2 polymerase chain reaction 
(PCR) results from the National Register of Notifiable 
Diseases; ICD-10 diagnosis codes for covid-19, 
PCC, and comorbidities; and number of healthcare 
contacts during 2019 for inpatient and outpatient 
specialist care from the National Patient Register 
and for primary care from two regional databases 

Eligible individuals
Adults (≥18 years) in Region Stockholm and Region Västra

Götaland with covid-19 first registered during inclusion period

Excluded because events occurred <28 days of covid-19 index date
Vaccinated56 760 Died2515 Emigrated74

Included

Not vaccinated before covid-19

59 349

290 030
Vaccinated before covid-19

299 692

PCC ≥28 days
aer covid-19

index date (0.4%)

No PCC
298 491

589 722

649 071

1201
PCC ≥28 days
aer covid-19

index date (1.4%)

No PCC
285 9124118

Fig 1 | Flowchart of study population with covid-19 during study inclusion period 27 December 2020 to 9 February 2022. Pcc=post-covid-19 condition

 on 27 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-076990 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

the bmj | BMJ 2023;383:e076990 | doi: 10.1136/bmj-2023-076990 3

of all public and most private primary healthcare 
(VAL and VEGA, in Region Stockholm and Region 
Västra Götaland, respectively); as well as death, 
emigration, demographic, and socioeconomic data 
from the Longitudinal Integrated Database for Health 
Insurance and Labour Market Studies of Statistics 
Sweden. We used the Swedish Intensive Care Register 
together with the inpatient part of the National Patient 
Register to identify patients with covid-19 who were 
admitted to hospital, including those treated in the 
intensive care unit (ICU).

study population and follow-up
We included individuals with covid-19 first registered 
during the study inclusion period, defined as 
between 27 December 2020 (when vaccination 
started in Sweden2) and 9 February 2022 (the end 
of full population PCR testing in Sweden19). This 
period was selected to include the time during 
which simultaneous vaccination and PCR testing 
occurred in Sweden. Covid-19 was defined as a 
positive SARS-CoV-2 PCR test result registered in 
the National Register of Notifiable Diseases, or an 
ICD-10 diagnosis code (U07.1 or U07.2 as a main 
or secondary diagnosis) registered in the National 
Patient Register, VAL, VEGA, or the Swedish Intensive 
Care Register. The covid-19 index date represents the 
first registration of covid-19 in any of these registers. 
Included individuals were then followed from 28 days 
after the covid-19 index date until PCC diagnosis, 
vaccination, reinfection, death, emigration, or end of 
follow-up (30 November 2022), whichever came first. 
The inclusion criteria were to be alive and living in 
Region Stockholm or Västra Götaland, Sweden, at the 
start of follow-up, and not to have been vaccinated 
after the covid-19 index date to start of follow-up. 
Thus we excluded those individuals who had been 
vaccinated, emigrated, or died within 28 days after 
infection. We regarded an additional registered SARS-
CoV-2 infection ≥90 days after the covid-19 index date 
as reinfection.

vaccination and outcome
In Sweden, the covid-19 vaccination programme 
started on 27 December 2020 and was implemented 
in four consecutive stages; stages 1-3 (older age groups 
(≥60 years), healthcare or elderly care workers, and 
various risk groups) and stage 4 (younger age groups 
who had not been part of the previous stages), with 
stage 4 initiated in most parts of Sweden by May 
2021.20 In the present study, at least one administered 
dose of any of the available covid-19 vaccines in 
Sweden before the covid-19 index date was defined 
as having received a vaccine. We studied the primary 
vaccination series—that is, the first two doses and the 
first booster dose within the recommended schedule. 
During the study period, the available vaccines in 
Sweden included BNT162b2 (Pfizer-BioNTech), mRNA-
1273 (Moderna), AZD1222 (Oxford-AstraZeneca), 
Ad26.COV2.S (Janssen/Johnson & Johnson), and NVX-
CoV2373 (Novavax).21 To minimise the risk of including 

double registrations of one vaccine dose, we required 
a minimum number of days between two registered 
doses. Based on vaccination guidelines and the type of 
vaccine previously received, a requirement of at least 
19 days was set for BNT162b2 and at least 25 days for 
AZD1222 and mRNA-1273.22 We classified vaccines by 
dose (≥1 dose, as well as subdivided into one dose, two 
doses, and three or more doses). The primary outcome 
was a clinical diagnosis of PCC, defined as ICD-10 
code U09.9 in the National Patient Register, VEGA, 
or VAL as the main or secondary diagnosis ≥28 days 
after the covid-19 index date. A minimum of 28 days 
between the covid-19 index date and PCC diagnosis 
was required, as a PCC diagnosis within the 28 days 
was interpreted as a likley misclassification relating to 
acute infection rather than PCC.

covariates
We obtained information on age, sex, education level, 
employment status, country of birth, emigration, 
and date of death from the Longitudinal Integrated 
Database for Health Insurance and Labour Market 
Studies database. Age was defined at study start (27 
December 2020) and categorised into five groups 
(18-34, 35-44, 45-54, 55-64, and ≥65 years). Level 
of education was divided into four categories: 
primary school (<10 years), secondary school (10-
12 years), tertiary school (>12 years), and unknown. 
Employment status was categorised as employed, 
unemployed, or unknown. Countries of birth were 
merged into continental regions, including Asia 
and Oceania; Africa; Europe, except for Sweden; 
North and South America; and unknown. The 
included comorbidities have been shown to relate 
to vaccination status and PCC diagnosis16 23 24 and 
comprised broad categories of diabetes (ICD-10: 
E10-E11), cardiovascular disease (ICD-10: I00-I99), 
respiratory disease (ICD-10: J40-J99), and psychiatric 
disease (ICD-10: F00-F99) as main and secondary 
diagnoses from inpatient and outpatient specialist 
care in the National Patient Register and from primary 
healthcare in VEGA and VAL, 1 January 2015 to 
31 December 2019. We categorised the severity of 
acute covid-19 as hospital admission (treated or not 
treated in an ICU) or no hospital admission, using 
main and secondary diagnoses of covid-19 within 
28 days after the covid-19 index date in the Swedish 
Intensive Care Register and the inpatient part of the 
National Patient Register. The number of healthcare 
contacts during 2019 was categorised as 0, 1-3, 4-10, 
>10, or unknown. We defined a healthcare contact as 
any registered contact (including by telephone) with 
primary healthcare, specialist outpatient care, and 
specialist inpatient care. If more than one contact 
was registered on the same day, it was counted as one 
contact only. For inpatient care, we used the date of 
admission, with every inpatient period counted as 
one contact. Study individuals were also classified 
according to the covid-19 variant of concern that 
predominated during their covid-19 index date. In 
Sweden, pre-alpha variants predominated roughly 
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from February 2020 to January 2021, followed by 
alpha (February 2021 to June 2021), delta (July 2021 
to December 2021), and omicron (January 2022 to 
end of study inclusion).25 Owing to the low numbers 

of people with covid-19 in the period when the pre-
alpha variants were predominant, for the purpose of 
analysis we combined the periods when the pre-alpha 
variants and alpha were predominant.

table 1 | Descriptive statistics of study population, stratified according to vaccination status before covid-19 infection. 
values are number (percentage) unless stated otherwise

vaccination status pre-covid-19
standardised mean differencenot vaccinated (n=290 030) vaccinated (n=299 692)

Sex: 0.10
 Men 142 921 (49.3) 132 650 (44.3)
 Women 147 109 (50.7) 167 042 (56.7)
Median (IQR) age (years)* 39 (29-50) 42 (32-53) 0.20
Age group* (years): 0.19
 18-34 118 365 (40.8) 99 664 (33.3)
 35-44 66 840 (23.0) 73 285 (24.5)
 45-54 55 279 (19.1) 60 790 (20.3)
 55-64 32 001 (11.0) 37 324 (12.5)
 ≥65 17 545 (6.0) 28 629 (9.6)
Region of birth: 0.23
 Africa 10 121 (3.5) 6498 (2.2)
 Asia and Oceania 37 697 (13.0) 26 980 (9.0)
 Europe† 21 493 (7.4) 15 323 (5.1)
 North and South America 6683 (2.3) 6269 (2.1)
 Sweden 196 490 (67.7) 232 860 (77.7)
 Unknown 17 546 (6.0) 11 762 (3.9)
Education: 0.23
 Primary school (<10 years) 44 093 (15.2) 31 835 (10.6)
 Secondary school (10-12 years) 118 613 (40.9) 108 470 (36.2)
 Tertiary school (>12 years) 116 232 (40.1) 152 126 (50.8)
 Unknown 11 092 (3.8) 7261 (2.4)
Employment status: 0.05
 Employed 248 127 (85.6) 260 318 (86.9)
 Unemployed 37 847 (13.0) 36 621 (12.2)
 Unknown 4056 (1.4) 2753 (0.9)
Comorbidities‡:
 Diabetes 9388 (3.2) 11 449 (3.8) 0.03
 Cardiovascular disease 42 684 (14.7) 54 491 (18.2) 0.09
 Respiratory disease 21 807 (7.5) 25 055 (8.4) 0.03
 Psychiatric disease 81 807 (28.2) 86 841 (29.0) 0.02
No of healthcare contacts in 2019: 0.07
 0 63 866 (22.0) 60 305 (20.1)
 1-3 85 699 (29.5) 87 623 (29.2)
 4-10 76 135 (26.3) 81 056 (27.0)
 >10 51 609 (17.8) 58 983 (19.7)
 Unknown 12 721 (4.4) 11 725 (3.9)
No of vaccine doses before covid-19:
 1 - 21 111 (7.0)
 2 - 205 650 (68.6)
 3 - 72 843 (24.3)
 4 - 83 (<0.1)
 5 - 5 (<0.1)
Severity of covid-19: 0.15
 Admitted to hospital, ICU 389 (0.1) 77 (<0.1)
 Admitted to hospital, not ICU 11 178 (3.9) 4610 (1.5)
 Not admitted to hospital 278 463 (96.0) 295 005 (98.4)
Predominant variant during acute infection§: 2.4
 Pre-alpha 53 021 (18.3) 405 (0.1)
 Alpha 174 689 (60.2) 10 394 (3.5)
 Delta 26 260 (9.1) 64 563 (21.5)
 Omicron 36 060 (12.4) 224 330 (74.9)
ICD-10=international classification of diseases, 10th revision;.ICU=intensive care unit; IQR=interquartile range.
Study population included all adult (≥18 years) residents in the two largest regions of Sweden with covid-19 first registered during the study inclusion 
period, 27 December 2020 to 9 February 2022.
*Age at study start, 27 December 2020.
†Not including Sweden.
‡Comorbidities registered with ICD-10 diagnosis codes in specialist inpatient and outpatient healthcare registers and regional primary healthcare 
databases during 2015-19: diabetes (E10-E11), cardiovascular disease (I00-I99), respiratory disease (J40-J99), and psychiatric disease (F00-F99).
§In Sweden, pre-alpha variants predominated from February 2020 to January 2021, followed by alpha from February 2021 to June 2021, delta from July 
2021 to December 2021, and omicron from January 2022 and until end of inclusion 9 February 2022.
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statistical analyses
Descriptive statistics are presented as number and 
percentage, or as median and interquartile range 
(IQR). We tested for significance between the groups 
using the χ2 test and the Mann-Whitney U test. In 
addition, to be able to further assess the distribution of 
baseline variables of different types and magnitude or 
prevalence between the unvaccinated and vaccinated 
groups, we used the standardised mean difference, 
with larger values indicating larger differences (greater 
imbalance) between the groups, and values ≤0.1 
indicating good balance.

We performed Cox proportional hazards regressions 
to estimate the effectiveness of covid-19 vaccination 
before infection and risk of developing PCC. The 
assumption of proportional hazards was fulfilled 
as assessed by visual evaluation of a Schoenfeld 
residual plot of the vaccination status. We included 
three models: a crude model with no adjustments; a 
partially adjusted model with adjustments for age, 
sex, and predominant variant at the time of infection; 
and a fully adjusted model with the same adjustments 
as for the partially adjusted model in addition 
to comorbidities (diabetes and cardiovascular, 
respiratory, and psychiatric disease), number of 
healthcare contacts during 2019, education level, 
employment status, and region of birth. The results are 
presented as hazard ratios or adjusted hazard ratios 
(corresponding to the fully adjusted model) along 
with corresponding 95% confidence intervals. Vaccine 
effectiveness was calculated as 100×(1−hazard ratio). 
In the main analysis, at least one vaccine dose (any 
dose) before the covid-19 index date was defined as 
having been vaccinated. Separate analyses were also 
performed with vaccination stratified into one dose, 
two doses, or three or more doses before the covid-19 
index date. The Kaplan-Meier method was used to 

estimate cumulative incidence curves of PCC in the 
unvaccinated and vaccinated groups. In exploratory 
analyses, we further investigated a possible pathway for 
the potential protective effect of the covid-19 vaccines 
against PCC by adding severity of the acute infection 
into the regression model as a mediating factor. We 
also stratified by severity of the acute infection. All 
analyses were performed using R Statistical Software 
(version 4.2.2; R Core Team 2023).

Subgroup and sensitivity analyses
Analyses to evaluate effect modification were 
performed by including an interaction term between 
the vaccination variable (any vaccine before covid-19) 
and each adjustment variable (one interaction term 
at a time). We regarded an interaction as statistically 
significant if the P value of the interaction term was 
<0.05. Further stratification was planned for the three 
most relevant variables if they showed significant 
interaction terms: sex, age group, and predominant 
variant at the time of the covid-19 index date. 
Stratification was also done for comorbidities and for 
the median time between vaccination and the covid-19 
index date (vaccination ≥126 days before covid-19 
index date, and <126 days). Separate subgroup 
analyses for the different vaccines were also perfomed, 
categorised by the combination of vaccines used for the 
first two doses before infection. These analyses were 
restricted to the period 3 February 2021 to 16 August 
2021 (when the first dose of the three most common 
vaccines in Sweden was administered: BNT162b2, 
mRNA-1273, and AZD1222) (see supplementary figure 
S1).

Three sensitivity analyses were also performed. 
Firstly, we restricted the vaccinated population to those 
who had received their last vaccine dose more than 
14 days before the covid-19 index date. Secondly, we 
required at least 90 (instead of 28) days between the 
covid-19 index date and a diagnosis of PCC. Finally, we 
restricted the vaccinated population to those who had 
received two or three doses before the covid-19 index 
date.

Patient and public involvement
No patients or members of the public were directly 
involved in this research. A patient reviewer did, 
however, provide insightful comments during the 
review process.

results
Descriptive statistics
During the study inclusion period, 649 071 individuals 
in Sweden’s two largest regions were registered as 
having covid-19 for the first time. Overall, 59 349 
individuals were excluded: 56 760 were vaccinated, 
2515 died, and 74 emigrated within 28 days of the 
covid-19 index date. In total, 589 722 individuals 
fulfilled the inclusion criteria to participate in the 
study (fig 1).

Of the 589 722 individuals in the study population, 
299 692 (50.8%) had received at least one dose of a 
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Fig 2 | cumulative incidence of Pcc, using Kaplan-Meier failure function, for individuals 
vaccinated or not vaccinated against covid-19. study population included all adult (≥18 
years) residents in the two largest regions of sweden with covid-19 first registered 
during the study inclusion period, 27 December 2020 to 9 February 2022. Pcc=post-
covid-19 condition
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covid-19 vaccine before the covid-19 index date, and 
290 030 (49.2%) had not been vaccinated at the time 
of infection (table 1). Of the vaccinated individuals, 
21 111 received one dose only, 205 650 received two 
doses, 72 843 received three doses, and 88 received 
more than three doses before the covid-19 index date 
(table 1). BNT162b2 was most commonly used for 
the first two doses (see supplementary table S1). The 
median time from last vaccination to the covid-19 
index date was 126 days (IQR 47-160 days). More 
women than men had been vaccinated before covid-19 
(56.7% v 44.3%, P<0.001), and the median age among 
those vaccinated was significantly higher than among 
those not vaccinated (42 years (IQR 32-53) v 39 years 
(29-50), P<0.001) (table 1). Although most of the 
study population was not admitted to hospital with 
covid-19, unvaccinated individuals were more likely to 
be admitted than vaccinated individuals (4.0% v 1.5%, 
P<0.001) (table 1). In the unvaccinated group, 174 689 
individuals (60.2%) had a covid-19 index date during 
the period when the alpha variant was predominant, 
whereas individuals in the vaccinated group were 
mostly infected during the omicron era (n=224 330, 
74.9%) (table 1).
Median follow-up from 28 days after the covid-19 
index date was 129 (IQR 51-287) days in the total 
study population (vaccinated: 197 (IQR 42-288) 
days, not vaccinated: 112 (IQR 57-282) days). Median 
follow-up until a PCC diagnosis was similar between 
the vaccinated and unvaccinated groups (18 (IQR 
7-47) days v 17 (IQR 6-39) days). Individuals who 
received three or more vaccine doses before infection 
had the longest follow-up (median 250 (IQR 126-283) 
days), whereas those who had only received one dose 
before infection had the shortest follow-up (median 
42 (IQR 11-281) days). For both vaccinated and 
unvaccinated individuals, the most common reason 
for censoring during follow-up was vaccination, 
followed by end of follow-up (see supplementary 
table S2). Captured reinfections were rare during the 
study period (n=12 888, 2.2%) and significantly more 
common in the unvaccinated group than vaccinated 
group (3.3% v 1.1%, P<0.001) (see supplementary 

table S2). Among vaccinated individuals, 1201 (0.4%) 
had a diagnosis of PCC during follow-up, compared 
with 4118 (1.4%) among unvaccinated individuals (fig 
2 and supplementary table S2).

vaccine effectiveness
Receiving at least one dose of a covid-19 vaccine 
before the covid-19 index date was associated with a 
reduced risk of PCC (adjusted hazard ratio 0.42 (95% 
confidence interval 0.38 to 0.46), with a vaccine 
effectiveness of 58% (table 2). Vaccine effectiveness 
increased with increasing number of vaccine doses 
before covid-19. Adjusted hazard ratios for one dose, 
two doses, and three doses were 0.79 (0.68 to 0.91), 
0.41 (0.37 to 0.45), and 0.27 (0.23 to 0.32), with a 
respective vaccine effectiveness of 21%, 59%, and 
73% (table 2).

To evaluate potential vaccine effectiveness against 
PCC through the reduced risk of hospital admission 
for acute infection, we added severity of the acute 
infection (hospital admission requiring ICU admission, 
hospital admission not requiring ICU admission, no 
hospital admission) to the regression model. The 
adjusted hazard ratio for any dose before infection 
was 0.54 (0.50 to 0.60) and for one dose, two doses, 
and three or more doses was 0.81 (0.70 to 0.93), 0.53 
(0.48 to 0.59), and 0.42 (0.35 to 0.49), respectively 
(see supplementary table S3). We then stratified the 
analysis of any dose by severity of the acute infection, 
resulting in similar adjusted hazard ratios between the 
hospital admission without ICU admission group and 
the no hospital admission group (0.57 (0.48 to 0.68) v 
0.56 (0.50 to 0.62), respectively) (see supplementary 
table S4).

subgroup and sensitivity analyses
In the subgroup analysis stratifying on the median 
time between last vaccination and infection (126 
days), vaccine effectiveness against PCC for any dose 
before covid-19 was slightly lower for longer duration 
since last dose and slightly higher for shorter duration 
compared with the main analysis (≥126 days: 49%, 
<126 days: 63%) (see supplementary table S5). 

table 2 | vaccine effectiveness and hazard ratios, with 95% confidence intervals, between covid-19 vaccination before infection and a diagnosis of 
post-covid-19 condition, overall and in separate analyses stratified by number of vaccine doses

total no
no (%) with 
Pcc

Hazard ratio (95% ci)

P value‡
vaccine effectiveness 
% (95% ci)‡crude

Partially adjusted 
model* Fully adjusted model†

No vaccination 290 030 4118 (1.4) Reference Reference Reference Reference Reference
Any vaccination§ 299 692 1201 (0.4) 0.29 (0.27 to 0.31) 0.41 (0.38 to 0.45) 0.42 (0.38 to 0.46) <0.001 58 (54 to 62)
Separate stratified analyses
1 dose¶ 21 111 192 (0.9) 0.83 (0.72 to 0.96) 0.79 (0.68 to 0.91) 0.79 (0.68 to 0.91) 0.002 21 (9 to 32)
2 doses¶ 205 650 743 (0.4) 0.27 (0.25 to 0.29) 0.40 (0.36 to 0.45) 0.41 (0.37 to 0.45) <0.001 59 (55 to 63)
≥3 doses¶ 72 931 266 (0.4) 0.23 (0.20 to 0.26) 0.26 (0.22 to 0.31) 0.27 (0.23 to 0.32) <0.001 73 (68 to 77)
CI=confidence interval; PCC=post-covid-19 condition.
Study population included all adult (≥18 years) residents in the two largest regions of Sweden with covid-19 first registered during the study inclusion period, 27 December 2020 to 9 February 
2022.
*Cox proportional hazards regression model adjusted for age, sex, and predominant virus variant at the time of infection.
†Cox proportional hazards regression model adjusted for age, sex, predominant virus variant at the time of infection, comorbidities (diabetes and cardiovascular, respiratory, and psychiatric 
disease), number of healthcare contacts during 2019, region of birth, education level, and employment status.
‡Based on fully adjusted model.
§Including 1-5 doses.
¶Analysis performed versus no vaccination.
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Individuals with a last vaccination more than 126 days 
from infection mainly received two doses (0.1% had 
received ≥3 doses, data not shown). The interaction 
terms for age, sex, predominant variant at the time of 
the covid-19 index date, employment status, number 
of healthcare contacts, diabetes, and cardiovascular 
disease were significant when separately added to the 
full model. Men showed a higher vaccine effectiveness 
than women (≥1 dose: 64% and 54%, respectively). 
The highest vaccine effectiveness by age group was 
shown in those aged 55-64 years (≥1 dose: 69%) and 
the lowest in those aged 18-34 years (≥1 dose: 28%). 
We also stratified infection on the preodominant 
variant and found that vaccine effectiveness was 
highest in individuals with covid-19 during the delta 
period (68%) (see supplementary table S4). No major 
differences were found in the analyses stratified by 
combinations of vaccines for the first two doses before 
covid-19, with adjusted hazard ratios ranging from 
0.43 (0.32 to 0.58) to 0.49 (0.44 to 0.54); except for 
the combination of AZD1222 and BNT162b2 (see 
supplementary table S6).

In the first sensitivity analysis, we restricted the 
vaccinated group to those individuals who were 
vaccinated at least 14 days before the covid-19 index 
date (n=265 299, 88.5% of the total vaccinated group), 
which only marginally changed the results compared 
with the main analyses (see supplementary table S7). 
In the second sensitivity analysis, we restricted to 
a minimum of 90 days between the covid-19 index 
date and PCC diagnosis, which yielded similar results 
to the analysis with a requirement of 28 days (see 
supplementary table S8). Lastly, when we restricted 
the vaccinated group to those who only received two or 
three doses before infection, vaccine effectiveness was 
64% (see supplementary table S9).

discussion
In this large register based cohort study including 
589 722 residents from the two largest regions of 
Sweden, we found a strong association between 
vaccination before first registered covid-19 and a 
reduced risk of receiving a diagnosis of PCC. In the study 
population, unvaccinated individuals had an almost 
fourfold higher proportion of PCC diagnoses compared 
with those who were vaccinated before infection (1.4% 
v 0.4%). We found a vaccine effectiveness against PCC 
of 58% for any dose within the primary vaccination 
series (ie, the first two doses and the first booster dose 
administered within the recommended schedule) given 
before a first registered infection. Vaccine effectiveness 
increased with each dose in the series: 21% for one 
dose, 59% for two doses, and 73% for three or more 
doses.

Findings in context
The few earlier studies on vaccine effectiveness 
against the long term effects of covid-19 have mostly 
shown protective effects, with a wide range of effect 
estimates,26  27 but some failed to show an overall 
protective effect.28 29 The methodology and data 

included in the earlier studies were heterogeneous 
and had limitations. Study populations have rarely 
been population based and often have included 
a small number of participants.30 31 Analyses of 
different effects for different numbers of vaccine doses 
before covid-19 have not always been performed.27 32 
Because vaccination during follow-up has often not 
been a criterion for censoring, both vaccinated and 
unvaccinated individuals have been included in the 
unvaccinated group. In the present study, we used 
population based survival data of 589 722 individuals, 
censoring at both vaccination and reinfection, and 
report vaccine effectiveness separately for any dose, 
one dose, two doses, and three or more doses. Earlier 
studies have generally lacked a clear definition of PCC, 
and symptoms have often been self-reported,29-31 33 
whereas we used register based clinical diagnoses of 
PCC as the outcome. Furthermore, in earlier studies 
follow-up duration has often been short,29 whereas 
in our study the median follow-up was 129 days from 
28 days after a first registered infection. A recent 
systematic review concluded that being vaccinated 
against covid-19 before infection had a protective 
effect on PCC in 10 of the 12 included studies, with 
effect estimates ranging from 0.48 to 0.87 for any 
vaccine dose given before infection.11 Owing to high 
heterogeneity between studies and the low certainty 
of evidence, no meta-analysis was performed. In other 
systematic reviews, meta-analyses have, however, 
included several of these studies, but the results 
should be interpreted with caution.34 35 One of these 
meta-analyses concluded that receiving two doses of 
vaccine before covid-19 was associated with a lower 
risk of PCC compared with no vaccination, with an 
odds ratio of 0.64,34 and that the odds ratio was 0.71 
with at least one dose before infection.35

Using register data from the whole adult population 
in the two largest regions of Sweden, we showed that 
vaccination against covid-19 before infection was 
associated with a decreased risk of receiving a diagnosis 
of PCC. When stratifying by the median time between 
last vaccination and infection (126 days) to assess 
the potential different effects of recent versus earlier 
vaccination, we found that receiving the last vaccine 
dose more than 126 days before covid-19 was still 
associated with a relatively high vaccine effectiveness 
against PCC, and only slightly lower than in the main 
analysis. In addition, to ensure sufficient time between 
vaccination and the acute infection, in a sensitivity 
analysis we restricted the vaccinated population to 
those who received their last vaccine dose more than 
14 days before covid-19, and the estimated vaccine 
effect did not markedly change from the main analysis. 
Furthermore, in the main analyses we only considered 
the first PCC diagnosis at least 28 days from infection, 
but in sensitivity analyses we required at least 90 days 
from infection, with similar results.

Studies have shown that women may develop greater 
immune responses to vaccination than men,36 although 
this does not necessarily translate to better protection 
against the disease. In our study, men showed a higher 
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vaccine effectiveness against PCC than women. It has 
not yet been fully established whether PCC is more 
likely to occur with particular variants. Available data 
suggest, however, that individuals infected with the 
omicron variant are at lower risk of developing long 
term effects of covid-19 than individuals infected 
with the other variants.37-39 Nonetheless, it is difficult 
to determine if this lower risk is associated with the 
specific variant or is the result of immunity from 
previous infections or vaccinations, or as a result of 
shorter follow-up durations. A small study evaluating 
the protective effect of covid-19 vaccines against PCC, 
which included individuals with infections during 
the omicron period as well as the earlier periods, did 
not show significantly different results between the 
variants.30 In the present study, the study population 
included individuals with infections at the time when 
the alpha and delta variants predominated, and also 
during part of the pre-alpha and omicron periods. 
Although vaccination coverage was not evenly 
distributed during these periods, stratifying on the 
period of dominant variant at the time of infection 
showed only a slightly lower vaccine effectiveness 
against PCC in the omicron period than in the pre-
alpha and alpha periods. As we did not have access 
to virus sequencing data in our analysis, we used the 
time of infection as a proxy for variant. Consequently, 
the variant causing acute infection in some of the study 
individuals might have been misclassified.

The pathogenesis of PCC has not yet been clarified, 
but several mechanisms have been proposed relating 
to the different symptom manifestations and it has 
become increasingly evident that patients with PCC are 
a heterogenous group. Potential mechanisms include 
organ damage, abnormal immune activation during 
acute infection, reactivation of other viruses, altered 
systemic immunity, autoimmunity, and sustained 
immune activation due to viral persistence.40 
Determining the pathogenesis might suggest potential 
pathways for the protective effect of the vaccines—for 
example, a reduced viral load during the acute infection 
after vaccination could reduce the virus’s persistence 
with lasting immune activation. Different symptom 
clusters of PCC may have different pathogeneses and 
therefore different mechanisms for the vaccine effect. 
We have shown that almost 37% of patients with 
covid-19 treated in the ICU subsequently have a PCC 
diagnosis.16 Covid-19 vaccines have been shown to 
protect against hospital admission with covid-19,41 
which could be one pathway for the vaccines to exert 
a protective effect against PCC. In our analysis, vaccine 
effectiveness against PCC seemed to be only partly 
explained by a decreased risk of hospital admission. In 
addition, analyses stratified on severity of acute disease 
as indicated by the need for hospital admission showed 
that vaccine effectiveness was similar in both the 
group admitted to hospital without ICU admission and 
the group with no hospital admission. Furthermore, 
a study showed that those who were vaccinated after 
covid-19 had a lower risk of developing PCC compared 
with those who were unvaccinated 12 weeks after 

covid-19.26 This, together with the findings in the 
present study, support the hypothesis of pathways 
beyond the protective effect against hospital admission 
that may contribute to the protective effect of covid-19 
vaccines against PCC. It is also important to note that 
symptoms of PCC are frequently observed not only in 
patients with confirmed covid-19 but also in those 
without a positive SARS-CoV-2 PCR test result.42

strengths and limitations of this study
The present study has several strengths. Firstly, we 

used register based data collected from high quality 
registers, resulting in essentially no loss to follow-up 
and a low risk of self-reporting bias. In Sweden, it is 
mandatory and regulated by law to register every 
administered covid-19 vaccine dose in the national 
vaccination register. Therefore the exposure data 
(vaccination) are particulary comprehensive and 
accurately measured. Secondly, we had access to 
individual level data from primary healthcare as well 
as inpatient and outpatient specialist healthcare. This 
is of importance when studying the diagnosis of PCC, 
since we have previously shown that most (>85%) 
patients with PCC in Sweden received their diagnosis 
in primary healthcare.16 In addition, to fully account 
for health seeking behaviour and the potential that the 
PCC group is a biased group of healthcare seekers, the 
number of healthcare contacts in 2019 was included 
as a confounder in the full model. Futhermore, the 
study was population based, covering the two largest 
regions of Sweden (Region Stockholm and Västra 
Götaland, 40% of the total Swedish population). 
Lastly, most previously published studies investigating 
the protective effect of vaccination before covid-19 
against PCC have not been able to account for 
vaccinations given after infection. By not considering 
these vaccinations, the total protective effect against 
PCC will potentially be diminished as a result of the 
groups becoming more similar to each other. By using 
survival data in combination with data on vaccinations 
from the national vaccination register, we were able to 
censor individuals at vaccinations given after the acute 
infection.

The limitations of the present study include that 
both PCC and the ICD-10 diagnosis code, U09.9, are 
relatively new and the code has not yet been validated 
in a Swedish setting. It is possible that PCC might be 
overdiagnosed as well as underdiagnosed, which could 
affect both the sensitivity and the specificity of PCC as 
an outcome measure. If this affects both unvaccinated 
and vaccinated individuals fairly equally, this would 
lead to a non-differential misclassification of the 
outcome, which on average would result in some bias 
towards the null. However, we cannot fully rule out 
the possibility that vaccinated individuals are less 
likely than unvaccinated individuals to receive a PCC 
diagnosis owing to expectations from both patients 
and healthcare providers about the protective effect 
of vaccination—although it may be less likely that 
this bias would increase with increasing number of 
vaccine doses and show the strong dose-response 
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association in our results. A recent paper from Sweden 
investigating healthcare use after covid-19 among 
patients with the PCC diagnosis code, in comparison 
with controls matched on age, sex, and number of 
healthcare contacts before infection, showed that the 
PCC group had significantly more healthcare contacts 
after covid-19.24 Therefore, we believe that the 
specificity of the PCC diagnosis code might be good, 
while its sensitivity remains less clear. In addition, it 
is possible that vaccine effectiveness differs in patients 
who experience a specific symptom compared with 
those who experience another symptom within the 
PCC spectrum. However, if the protective effect of the 
vaccines would be valid for a few specific symptoms 
within the PCC spectrum only, the relatively strong 
effect on the PCC diagnosis we see in the present study 
would be less likely to occur. A few studies have also 
investigated the impact of vaccination on existing 
PCC, showing both no effect as well as alleviation and 
aggravation of PCC symptoms.43-45 The register based 
data used in the present study had limited data on 
symptoms and therefore it would be difficult to assess 
changes in symptoms of an already existing PCC. 
Furthermore, although PCC is diagnosed on a specific 
date, the condition and symptoms usually have been 
present before the date of diagnosis. Lastly, our results 
are based on first SARS-CoV-2 infections, whereas 
reinfections might represent most of the infections 
today. The potential impact of reinfections on the 
covid-19 vaccine effectiveness of PCC remains to be 
elucidated.

conclusions
This study found a strong association between 
receiving covid-19 vaccine doses within the primary 
vaccination series (ie, the first two doses and the first 
booster dose within the recommended schedule) before 
infection and a reduced risk of receiving a diagnosis of 
PCC. Vaccine effectiveness increased with each dose in 
the series given before covid-19. The results from this 
study highlight the importance of complete primary 
vaccination coverage against covid-19, not only to 
reduce the risk of severe acute covid-19 infection but 
also the burden of PCC in the population.
autHOr aFFiliatiOns
1Department of Microbiology and Immunology, Institute of 
Biomedicine, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden
2Region Västra Götaland, Department of Clinical Pharmacology, 
Sahlgrenska University Hospital, Gothenburg, Sweden
3AstraZeneca, Mölndal, Sweden
4School of Public Health and Community Medicine, Institute 
of Medicine, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden
5Bioinformatics and Data Centre, Sahlgrenska Academy, University 
of Gothenburg, Gothenburg, Sweden
6Department of Infectious Diseases, Institute of Biomedicine, 
Sahlgrenska Academy, University of Gothenburg, Gothenburg, 
Sweden
7Region Västra Götaland, Department of Infectious Diseases, 
Sahlgrenska University Hospital, Gothenburg, Sweden
8Department of Internal Medicine and Clinical Nutrition, Institute 
of Medicine, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden

Contributors: LL, SL, FN, and MB conceived and designed the study. 
All authors made substantial contributions to the acquisition (YX, AS, 
HL, MG, FN), analysis (LL, JM, HL, MB), or interpretation (LL, SL, YX, JM, 
AS, MG, HL, FN, MB) of the data. LL and MB drafted the manuscript, 
and all authors revised it critically for important intellectual content 
and gave their final approval of the version to be published and 
agree to be accountable for all aspects of the work in ensuring that 
questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved. MB is the guarantor 
and accepts full responsibility for the work and/or the conduct of 
the study, had access to the data, and controlled the decision to 
publish. The corresponding author attests that all listed authors meet 
authorship criteria and that no others meeting the criteria have been 
omitted.
Funding: MB is funded through research grants from the Swedish 
Society for Medical Research (PD20-0012), the Swedish Research 
Council for Health, Working Life, and Welfare (FORTE, 2022-00444), 
and the Swedish Research Council (2022-06395). SL has received 
a salary from AstraZeneca since January 2023. MG is funded by 
grants from the Swedish state, under an agreement between the 
Swedish government and the county councils (ALF agreement 
ALFGBG-965885); by SciLifeLab from the Knut and Alice Wallenberg 
Foundation (2020.0182 and 2020.0241); by the Swedish Research 
Council (2021-05045 and 2021-06545); and by King Gustaf V:s 
and Queen Victoria’s Foundation. FN has funding from the SciLifeLab 
from the Knut and Alice Wallenberg Foundation (KAW 2021-0010/
VC2021.0018 and KAW 2020.0299/VC 2022.0008) and the 
Swedish Research Council (2021-05045 and 2021-05450). The 
SCIFI-PEARL (Swedish Covid-19 Investigation for Future Insights—a 
Population Epidemiology Approach using Register Linkage) project, 
which provides the data for this analysis, has basic funding based 
on grants from the Swedish state under the agreement between the 
Swedish government and the county councils, the ALF-agreement 
(Avtal om Läkarutbildning och Forskning/Medical Training and 
Research Agreement) (ALFGBG-938453, ALFGBG-971130, 
ALFGBG-978954), and previously from a joint grant from FORTE 
(Swedish Research Council for Health, Working Life, and Welfare) and 
FORMAS (Swedish Research Council for Environment, Agricultural 
Sciences and Spatial Planning), a government research council for 
sustainable development (2020-02828). The funding organisations 
had no role in the design and conduct of the study; collection, 
management, analysis, and interpretation of the data; preparation, 
review, or approval of the manuscript; and decision to submit the 
manuscript for publication. The manuscript’s guarantor confirms 
the independence of researchers from funders and that all authors, 
external and internal, had full access to all of the data (including 
statistical reports and tables) in the study and can take responsibility 
for the integrity of the data and the accuracy of the data analysis.
Competing interests: All authors have completed the ICMJE uniform 
disclosure form at www.icmje.org/disclosure-of-interest/ and declare: 
support from the Swedish Society for Medical Research, the Swedish 
Research Council for Health, Working life, and Welfare (FORTE), and 
the Swedish Research Council for the submitted work; MB is funded 
through research grants from the Swedish Society for Medical 
Research, the Swedish Research Council for Health, Working Life, and 
Welfare (FORTE), and the Swedish Research Council; SL was funded by 
a Swedish government research grant through the ALF-agreement; SL 
has been employed by AstraZeneca since January 2023; MG receives 
funding through a Swedish government research grant through 
the ALF-agreement, Swedish Research Council, King Gustaf V:s and 
Queen Victoria’s Foundation, and from the Swedish Research Council 
for Sustainable Development (FORMAS); MG has received research 
grants from Gilead Sciences and honorariums as speaker, member 
of the data safety and monitoring board and scientific advisor for 
Amgen, AstraZeneca, Biogen, Bristol-Myers Squibb, Gilead Sciences, 
GlaxoSmithKline/ViiV Healthcare, Janssen-Cilag, MSD, Novocure, Novo 
Nordic, Pfizer, and Sanofi; FN was funded for the submitted work by a 
Swedish government research grant through the ALF-agreement and 
by a previous joint grant from the Swedish Research Council for Health, 
Working Life, and Welfare (FORTE) and the Swedish Research Council 
for Sustainable Development (FORMAS); FN is funded through research 
grants from the Swedish Research Council, Swedish Heart Lung 
Foundation, SciLifeLab/Knut and Alice Wallenberg Foundation, and 
Swedish Social Insurance Agency; FN was employed by AstraZeneca 
until 2019 and owns some AstraZeneca shares; no other relationships 
or activities that could appear to have influenced the submitted work.
Ethical approval: This study was approved by the Swedish Ethical 
Review Authority (Dnr: 2020-01800 with several amendments), 
which waived the need for informed consent as this is a register based 
study.

 on 27 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-076990 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

10 doi: 10.1136/bmj-2023-076990 | BMJ 2023;383:e076990 | the bmj

Data sharing: The data used in this study are deidentified individual 
level data from Swedish healthcare registers and can be obtained 
from the respective Swedish public data holders on the basis of 
ethical approval for the research in question, subject to relevant 
legislation, processes, and data protection.
The lead author (MB) affirms that the manuscript is an honest, 
accurate, and transparent account of the study being reported; that 
no important aspects of the study have been omitted; and that any 
discrepancies from the study as planned (and, if relevant, registered) 
have been explained.
Dissemination to participants and related patient and public 
communities: The research findings from this manuscript will be 
disseminated through, for example, presentation of our findings at 
scientific conferences and press releases to national and international 
media, as well plain language summaries available on the University 
of Gothenburg’s homepage.
Provenance and peer review: Not commissioned; externally peer 
reviewed.
This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which 
permits others to distribute, remix, adapt and build upon this work, 
for commercial use, provided the original work is properly cited. See: 
http://creativecommons.org/licenses/by/4.0/.

1  Coronavirus WHO. (COVID-19) Dashboard. World Health Organization 
2023. https://covid19.who.int

2  Regionernas planering avseende vaccinering mot covid-19, 
delrapport 6. [The planning regarding vaccination against 
Covid-19 for regions, report 6]. Stockholm, Sweden: Sveriges 
Kommuner och Regioner, SKR; 2021. https://skr.se/
download/18.5bb54e0c179a302981232fd/1621980314035/
Regionernas_planering_%20vaccinering_covid-19_delrapport%206.
pdf

3  Baden LR, El Sahly HM, Essink B, et al, COVE Study Group. Efficacy 
and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J 
Med 2021;384:403-16. doi:10.1056/NEJMoa2035389. 

4  Polack FP, Thomas SJ, Kitchin N, et al, C4591001 Clinical Trial 
Group. Safety and Efficacy of the BNT162b2 mRNA Covid-19 
Vaccine. N Engl J Med 2020;383:2603-15. doi:10.1056/
NEJMoa2034577. 

5  Falsey AR, Sobieszczyk ME, Hirsch I, et al, AstraZeneca 
AZD1222 Clinical Study Group. Phase 3 Safety and Efficacy 
of AZD1222 (ChAdOx1 nCoV-19) Covid-19 Vaccine. N Engl J 
Med 2021;385:2348-60. doi:10.1056/NEJMoa2105290. 

6  Abu-Raddad LJ, Chemaitelly H, Butt AA, National Study Group for 
COVID-19 Vaccination. Effectiveness of the BNT162b2 Covid-19 
Vaccine against the B.1.1.7 and B.1.351 Variants. N Engl J 
Med 2021;385:187-9. doi:10.1056/NEJMc2104974. 

7  Nittas V, Gao M, West EA, et al. Long COVID Through a Public Health 
Lens: An Umbrella Review. Public Health Rev 2022;43:1604501. 
doi:10.3389/phrs.2022.1604501. 

8  Crook H, Raza S, Nowell J, Young M, Edison P. Long covid-
mechanisms, risk factors, and management. BMJ 2021;374:n1648. 
doi:10.1136/bmj.n1648. 

9  Gentilotti E, Górska A, Tami A, et al, ORCHESTRA Study Group. Clinical 
phenotypes and quality of life to define post-COVID-19 syndrome: 
a cluster analysis of the multinational, prospective ORCHESTRA 
cohort. EClinicalMedicine 2023;62:102107. doi:10.1016/j.
eclinm.2023.102107. 

10  Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV, WHO Clinical Case 
Definition Working Group on Post-COVID-19 Condition. A clinical case 
definition of post-COVID-19 condition by a Delphi consensus. Lancet 
Infect Dis 2022;22:e102-7. doi:10.1016/S1473-3099(21)00703-
9. 

11  Byambasuren O, Stehlik P, Clark J, Alcorn K, Glasziou P. Effect 
of covid-19 vaccination on long covid: systematic review. BMJ 
Med 2023;2:e000385. doi:10.1136/bmjmed-2022-000385. 

12  Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. 
The Swedish personal identity number: possibilities and pitfalls in 
healthcare and medical research. Eur J Epidemiol 2009;24:659-67. 
doi:10.1007/s10654-009-9350-y. 

13  National Board of Health and Welfare. Statistik om tillstånd efter 
covid-19, 2021.

14  National Board of Health and Welfare. Statistik om tillstånd efter 
covid-19 i primärvård och specialiserad vård 2021 [updated 2021-
06-22]. https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2021-6-7495.pdf

15  National Board of Health and Welfare. Statistik om postcovid i 
primärvård och specialiserad vård 2022 [updated 2022-02-24]. 
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/
artikelkatalog/statistik/2022-2-7778.pdf

16  Bygdell M, Leach S, Lundberg L, et al. A comprehensive 
characterization of patients diagnosed with post-COVID-19 condition 
in Sweden 16 months after the introduction of the International 
Classification of Diseases Tenth Revision diagnosis code (U09.9): a 
population-based cohort study. Int J Infect Dis 2023;126:104-13. 
doi:10.1016/j.ijid.2022.11.021. 

17  Nyberg F, Franzén S, Lindh M, et al. Swedish Covid-19 Investigation 
for Future Insights - A Population Epidemiology Approach Using 
Register Linkage (SCIFI-PEARL). Clin Epidemiol 2021;13:649-59. 
doi:10.2147/CLEP.S312742. 

18  Statistics Sweden. Folkmängd i riket, län och kommuner 31 
December 2021 [och befolkningsförändringar 2021]. https://
www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/
befolkningens-sammansattning/befolkningsstatistik/pong/tabell-
och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/
folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-
befolkningsforandringar-2021/ (accessed 2 June 2023).

19  Folkhälsomyndigheten. De flesta åtgärder mot covid-19 [upphör 
den 9 februari]. https://www.folkhalsomyndigheten.se/nyheter-och-
press/nyhetsarkiv/2022/februari/de-flesta-atgarder-mot-covid-19-
upphor-den-9-februari/

20  Sveriges kommuner och regioner. Regionernas planering avseende 
vaccinering mot covid-19, delrapport 6 2021. https://skr.se/
download/18.5bb54e0c179a302981232fd/1621980314035/
Regionernas_planer%20ing_%20vaccinering_covid-19_
delrapport%206.pdf

21  Läkemedelsverket. Covid-19 vaccines. https://www.
lakemedelsverket.se/en/coronavirus/covid-19-vaccine

22  Xu Y, Li H, Kirui B, et al. Effectiveness of COVID-19 Vaccines over 
13 Months Covering the Period of the Emergence of the Omicron 
Variant in the Swedish Population. Vaccines (Basel) 2022;10:2074. 
doi:10.3390/vaccines10122074. 

23  Spetz M, Lundberg L, Nwaru C, et al. An intersectional analysis of 
sociodemographic disparities in Covid-19 vaccination: A nationwide 
register-based study in Sweden. Vaccine 2022;40:6640-8. 
doi:10.1016/j.vaccine.2022.09.065. 

24  Hedberg P, Granath F, Bruchfeld J, et al. Post COVID-19 condition 
diagnosis: A population-based cohort study of occurrence, 
associated factors, and healthcare use by severity of acute 
infection. J Intern Med 2023;293:246-58. doi:10.1111/
joim.13584. 

25  CoVariants. Overview of Variants in Countries. [updated 13 June 
2023, accessed 22 June 2023]. https://covariants.org/per-country?v
ariant=21A+%28Delta%29&variant=21K+%28Omicron% 
29&variant=21L+%28Omicron%29&variant=22A+%28Omicron% 
29&variant=22B+%28Omicron%29&variant=22C+%28Omicron% 
29&variant=22D+%28Omicron%29&variant=22E+%28Omicron% 
29&variant=22F+%28Omicron%29&variant=23A+%28Omicron% 
29&variant=23B+%28Omicron%29 (accessed 22 June 2023).

26  Simon MA, Luginbuhl RD, Parker R. Reduced Incidence 
of Long-COVID Symptoms Related to Administration of 
COVID-19 Vaccines Both Before COVID-19 Diagnosis and Up 
to 12 Weeks After.medRxiv 2021:2021.11.17.21263608. 
doi:10.1101/2021.11.17.21263608

27  Al-Aly Z, Bowe B, Xie Y. Long COVID after breakthrough SARS-CoV-2 
infection. Nat Med 2022;28:1461-7. doi:10.1038/s41591-022-
01840-0. 

28  Taquet M, Dercon Q, Harrison PJ. Six-month sequelae of 
post-vaccination SARS-CoV-2 infection: A retrospective 
cohort study of 10,024 breakthrough infections. Brain Behav 
Immun 2022;103:154-62. doi:10.1016/j.bbi.2022.04.013. 

29  van der Maaden T, Mutubuki EN, de Bruijn S, et al. Prevalence 
and Severity of Symptoms 3 Months After Infection With SARS-
CoV-2 Compared to Test-Negative and Population Controls in the 
Netherlands. J Infect Dis 2023;227:1059-67. doi:10.1093/infdis/
jiac474. 

30  Azzolini E, Levi R, Sarti R, et al. Association Between BNT162b2 
Vaccination and Long COVID After Infections Not Requiring 
Hospitalization in Health Care Workers. JAMA 2022;328:676-8. 
doi:10.1001/jama.2022.11691. 

31  Ballouz T, Menges D, Kaufmann M, et al. Post COVID-19 condition 
after Wildtype, Delta, and Omicron SARS-CoV-2 infection and prior 
vaccination: Pooled analysis of two population-based cohorts. PLoS 
One 2023;18:e0281429. doi:10.1371/journal.pone.0281429. 

32  Ayoubkhani D, Bosworth ML, King S, et al. Risk of Long COVID 
in People Infected With Severe Acute Respiratory Syndrome 
Coronavirus 2 After 2 Doses of a Coronavirus Disease 2019 Vaccine: 
Community-Based, Matched Cohort Study. Open Forum Infect 
Dis 2022;9:ofac464. doi:10.1093/ofid/ofac464. 

33  Antonelli M, Penfold RS, Merino J, et al. Risk factors and disease 
profile of post-vaccination SARS-CoV-2 infection in UK users of the 
COVID Symptom Study app: a prospective, community-based, nested, 
case-control study. Lancet Infect Dis 2022;22:43-55. doi:10.1016/
S1473-3099(21)00460-6. 

 on 27 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-076990 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by/4.0/
https://covid19.who.int
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planering_%20vaccinering_covid-19_delrapport%206.pdf
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planering_%20vaccinering_covid-19_delrapport%206.pdf
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planering_%20vaccinering_covid-19_delrapport%206.pdf
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planering_%20vaccinering_covid-19_delrapport%206.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2021-6-7495.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2021-6-7495.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2022-2-7778.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2022-2-7778.pdf
https://www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/befolkningens-sammansattning/befolkningsstatistik/pong/tabell-och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-befolkningsforandringar-2021/
https://www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/befolkningens-sammansattning/befolkningsstatistik/pong/tabell-och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-befolkningsforandringar-2021/
https://www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/befolkningens-sammansattning/befolkningsstatistik/pong/tabell-och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-befolkningsforandringar-2021/
https://www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/befolkningens-sammansattning/befolkningsstatistik/pong/tabell-och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-befolkningsforandringar-2021/
https://www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/befolkningens-sammansattning/befolkningsstatistik/pong/tabell-och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-befolkningsforandringar-2021/
https://www.scb.se/hitta-statistik/statistik-efter-amne/befolkning/befolkningens-sammansattning/befolkningsstatistik/pong/tabell-och-diagram/folkmangd-och-befolkningsforandringar-helarsstatistik/folkmangd-i-riket-lan-och-kommuner-31-december-2021-och-befolkningsforandringar-2021/
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2022/februari/de-flesta-atgarder-mot-covid-19-upphor-den-9-februari/
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2022/februari/de-flesta-atgarder-mot-covid-19-upphor-den-9-februari/
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2022/februari/de-flesta-atgarder-mot-covid-19-upphor-den-9-februari/
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planer%20ing_%20vaccinering_covid-19_delrapport%206.pdf
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planer%20ing_%20vaccinering_covid-19_delrapport%206.pdf
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planer%20ing_%20vaccinering_covid-19_delrapport%206.pdf
https://skr.se/download/18.5bb54e0c179a302981232fd/1621980314035/Regionernas_planer%20ing_%20vaccinering_covid-19_delrapport%206.pdf
https://www.lakemedelsverket.se/en/coronavirus/covid-19-vaccine
https://www.lakemedelsverket.se/en/coronavirus/covid-19-vaccine
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
https://covariants.org/per-country?variant=21A+%28Delta%29&variant=21K+%28Omicron%29&variant=21L+%28Omicron%29&variant=22A+%28Omicron%29&variant=22B+%28Omicron%29&variant=22C+%28Omicron%29&variant=22D+%28Omicron%29&variant=22E+%28Omicron%29&variant=22F+%28Omicron%29&variant=23A+%28Omicron%29&variant=23B+%28Omicron%29
http://www.bmj.com/


RESEARCH

the bmj | BMJ 2023;383:e076990 | doi: 10.1136/bmj-2023-076990 11

34  Watanabe A, Iwagami M, Yasuhara J, Takagi H, Kuno T. Protective 
effect of COVID-19 vaccination against long COVID syndrome: A 
systematic review and meta-analysis. Vaccine 2023;41:1783-90. 
doi:10.1016/j.vaccine.2023.02.008. 

35  Marra AR, Kobayashi T, Suzuki H, et al. The effectiveness of 
coronavirus disease 2019 (COVID-19) vaccine in the prevention 
of post-COVID-19 conditions: A systematic literature review and 
meta-analysis. Antimicrob Steward Healthc Epidemiol 2022;2:e192. 
doi:10.1017/ash.2022.336. 

36  Klein SL, Marriott I, Fish EN. Sex-based differences in immune 
function and responses to vaccination. Trans R Soc Trop Med 
Hyg 2015;109:9-15. doi:10.1093/trstmh/tru167. 

37  Hernández-Aceituno A, García-Hernández A, Larumbe-Zabala 
E. COVID-19 long-term sequelae: Omicron versus Alpha and 
Delta variants. Infect Dis Now 2023;53:104688. doi:10.1016/j.
idnow.2023.104688. 

38  Jassat W, Mudara C, Vika C, et al. A cohort study of post-COVID-19 
condition across the Beta, Delta, and Omicron waves in South 
Africa: 6-month follow-up of hospitalized and nonhospitalized 
participants. Int J Infect Dis 2023;128:102-11. doi:10.1016/j.
ijid.2022.12.036. 

39  Antonelli M, Pujol JC, Spector TD, Ourselin S, Steves CJ. Risk of 
long COVID associated with delta versus omicron variants of 
SARS-CoV-2. Lancet 2022;399:2263-4. doi:10.1016/S0140-
6736(22)00941-2. 

40  Altmann DM, Whettlock EM, Liu S, Arachchillage DJ, Boyton RJ. The 
immunology of long COVID. Nat Rev Immunol 2023;23:618-34. 
doi:10.1038/s41577-023-00904-7. 

41  Zheng C, Shao W, Chen X, Zhang B, Wang G, Zhang W. Real-world 
effectiveness of COVID-19 vaccines: a literature review and meta-analysis. 
Int J Infect Dis 2022;114:252-60. doi:10.1016/j.ijid.2021.11.009. 

42  Magnusson K, Turkiewicz A, Flottorp SA, Englund M. Prevalence of 
long COVID complaints in persons with and without COVID-19. Sci 
Rep 2023;13:6074. doi:10.1038/s41598-023-32636-y. 

43  Ayoubkhani D, Bermingham C, Pouwels KB, et al. Trajectory of long 
covid symptoms after covid-19 vaccination: community based cohort 
study. BMJ 2022;377:e069676. doi:10.1136/bmj-2021-069676. 

44  Strain WD, Sherwood O, Banerjee A, Van der Togt V, Hishmeh L, 
Rossman J. The Impact of COVID Vaccination on Symptoms of Long 
COVID: An International Survey of People with Lived Experience 
of Long COVID. Vaccines (Basel) 2022;10:652. doi:10.3390/
vaccines10050652. 

45  Wynberg E, Han AX, Boyd A, et al, RECoVERED Study Group. The effect 
of SARS-CoV-2 vaccination on post-acute sequelae of COVID-19 
(PASC): A prospective cohort study. Vaccine 2022;40:4424-31. 
doi:10.1016/j.vaccine.2022.05.090. 

Supplementary information: Additional tables S1-
S9 and figure S1

 on 27 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-076990 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

http://www.bmj.com/

