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Objectives: The objective of this study was to provide a comprehensive characterization of patients diag- 

nosed with post-COVID-19 condition (PCC) during the first 16 months of use of the International Classifi- 

cation of Diseases revision 10 (ICD-10) diagnosis code U09.9 in Sweden. 

Methods: We used data from national registers and primary health care databases for all adult inhabi- 

tants of the two largest regions in Sweden, comprising 4.1 million inhabitants (approximately 40% of the 

Swedish population). We present the cumulative incidence and incidence rate of PCC overall and among 

subgroups and describe patients with COVID-19 with or without PCC regarding sociodemographic char- 

acteristics, comorbidities, subsequent diseases, COVID-19 severity, and virus variants. 

Results: Of all registered COVID-19 cases available for PCC diagnosis (n = 506,107), 2.0% (n = 10,196) had 

been diagnosed with PCC using ICD-10 code U09.9 as of February 15, 2022 in the two largest regions 

in Sweden. The cumulative incidence was higher among women than men (2.3% vs 1.6%, P < 0.001). The 

majority of PCC cases (n = 7162, 70.2%) had not been hospitalized for COVID-19. This group was more 

commonly female (69.9% vs 52.9%, P < 0.001), had a tertiary education (51.0% vs 44.1%, P < 0.001), and was 

older (median age difference 5.7 years, P < 0.001) than non-hospitalized patients with COVID-19 without 

PCC. 

Conclusion: This characterization furthers the understanding of patients diagnosed with PCC and could 

support policy makers with appropriate societal and health care resource allocation. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Two years into the COVID-19 pandemic, many questions re- 

ain regarding patients with prolonged symptoms after SARS-CoV- 

 infection. Although several studies have described post-COVID-19 
∗ Corresponding author: Maria Bygdell, Vita stråket 11, 413 45 Gothenburg, Swe- 

en 

E-mail address: maria.bygdell@gu.se (M. Bygdell) . 

i

t

t

c

ttps://doi.org/10.1016/j.ijid.2022.11.021 

201-9712/© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Soc

 http://creativecommons.org/licenses/by/4.0/ ) 
omplications and symptoms in different settings and populations 

 Ayoubkhani et al ., 2021 ; Blomberg et al ., 2021 ; Havervall et al .,

021 ; Tran et al ., 2022 ; Westerlind et al ., 2021 ), it is difficult to

ompare results and draw conclusions due to the substantial het- 

rogeneity between studies ( Michelen et al ., 2021 ). Discriminat- 

ng between post-COVID-19 complications, prolonged symptoms of 

he acute COVID-19 infection, or consequences of possible hospi- 

al care, including postintensive care syndrome ( Rawal et al ., 2017 ), 

an be difficult because the clinical presentations may overlap. Fur- 
iety for Infectious Diseases. This is an open access article under the CC BY license 
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hermore, the terminology of the condition still varies and a widely 

ccepted definition has been lacking ( Centers for Disease Control 

nd Prevention, 2021b ; National Institute for Health and Care Ex- 

ellence, 2020 ). The World Health Organization (WHO) recently 

roduced a consensus clinical case definition based on a Delphi 

rocess. The term “post-COVID-19 condition” (PCC) was defined as 

 condition that “occurs in individuals with a history of probable 

r confirmed SARS-CoV-2 infection, usually 3 months from the on- 

et, with symptoms that last for at least 2 months and cannot be 

xplained by an alternative diagnosis” ( Soriano et al ., 2022 ). Similar 

o acute COVID-19, the symptoms and severity of PCC vary widely 

mong affected individuals and can involve multiple organ systems 

 Crook et al ., 2021 ). PCC can be used to describe the various com-

lications arising from the acute infection, as well as a condition 

haracterized by postviral fatigue. Commonly reported symptoms 

f PCC include fatigue, dyspnea, cognitive impairment, headache, 

uscle pain, and cardiac abnormalities, such as chest pain and pal- 

itations ( Crook et al ., 2021 ; Groff et al ., 2021 ; National Institute for

ealth and Care Excellence, 2020 ; Soriano et al ., 2022 ). The under-

ying processes of PCC are not fully understood, but various mech- 

nisms for the different symptoms have been proposed, including 

irus-specific pathophysiologic changes, damage from the inflam- 

atory response to the acute infection, expected sequelae of post- 

ritical illness ( Nalbandian et al ., 2021 ), and neuroinflammatory re- 

ponses in the brain ( Edén et al ., 2022 ; Kanberg et al ., 2021 ; Song

t al ., 2021 ). The condition has been reported in patients previously 

ospitalized for acute COVID-19, as well as in patients with mild 

cute disease ( Augustin et al ., 2021 ; Ayoubkhani et al ., 2021 ). Sev-

ral studies have described PCC as more common in females than 

ales ( Augustin et al ., 2021 ; Huang et al., 2021a ), and the con-

ition does not seem to be restricted to the elderly ( Ayoubkhani 

t al ., 2021 ; Daugherty et al ., 2021 ). 

In September 2020, just over a year before the Delphi consen- 

us definition was released, the WHO introduced the PCC diagno- 

is code (U09.9) within the International Classification of Disease 

enth Revision (ICD-10), and it was quickly adapted in the Swedish 

ersion ( World Health Organization, 2020a , 2020b ). However, some 

ountries including the United Kingdom are instead using the 

mergency code U07.4 ( NHS Digital, 2021 ) and it was not until 

ctober 2021 that the code U09.9 was introduced in the United 

tates ( Centers for Disease Control and Prevention, 2021a ). In Swe- 

en, the PCC diagnosis code U09.9 was implemented comparatively 

arly and has been in use since October 16, 2020 ( Statistik om 

illstånd efter Covid-19 i primärvård och specialiserad vård, 2021 ). 

he Swedish National Board of Health and Welfare recommends 

sing the PCC diagnosis code to describe a symptom or condition 

hat a physician assesses to be caused by a previous COVID-19 in- 

ection. The recommendations do not specify how soon after the 

cute infection the PCC diagnosis should be applied. 

In the current study, we used Swedish hospital data and pri- 

ary health care data from the two largest regions in Sweden (Re- 

ion Stockholm and Region Västra Götaland, 2.4 and 1.7 million 

nhabitants, respectively [Statistics Sweden, 2022] ) to present the 

ncidence rate and cumulative incidence of PCC overall and in dif- 

erent subgroups of patients with COVID-19 and to describe the 

haracteristics of all adult patients with COVID-19 with or without 

 PCC diagnosis during the first 16 months of use of the ICD-10 

iagnosis code U09.9 in Sweden. 

ethods 

ata sources and study cohort 

The Swedish Covid-19 Investigation for Future Insights – a 

opulation Epidemiology Approach using Register Linkage (SCIFI- 
105 
EARL) project is a register-based cohort study in Sweden, with a 

omprehensive database for the epidemiological study of COVID- 

9 in real time ( Nyberg et al ., 2021 ). The current study is part of

he SCIFI-PEARL research effort, with a unique linkage of data col- 

ected from several Swedish national, regional, and quality regis- 

ers. All citizens in Sweden are assigned a unique personal iden- 

ity number at birth or at immigration that follows an individ- 

al throughout life. This enables us to include a near-complete 

tudy population, with nearly 100% coverage of the health care 

ystem and a linkage between registers with extremely high accu- 

acy ( Ludvigsson et al ., 2009 ). The registers included in the current 

tudy are the longitudinal integrated database for health insurance 

nd labour market studies (LISA), National Patient Register (NPR), 

ause of Death Register (CDR), National Register of Notifiable Dis- 

ases (SmiNet), Swedish Intensive Care Register, National Diabetes 

egister, and the regional primary health care databases in Stock- 

olm (VAL) and Västra Götaland (VEGA). The LISA database is held 

y Statistics Sweden and contains sociodemographic and socioeco- 

omic data. The NPR and CDR are both held by the National Board 

f Health and Welfare; the former includes all inpatient and spe- 

ialist outpatient health care in Sweden, and the latter includes all 

eaths in Sweden. The data from NPR includes patients regardless 

f a completed health care encounter or not. SmiNet is a regis- 

er of all notifiable communicable diseases held by the Swedish 

ublic Health Agency and includes all positive SARS-CoV-2 poly- 

erase chain reaction (PCR) test results. In Sweden, SARS-CoV-2 

CR tests were mainly performed without inpatient, outpatient, or 

rimary health care visits and positive test results have thus been 

eported into SmiNet without registration of health care visits in 

PR or VEGA/VAL (unless it occurred for a health care reason, in 

hich case a COVID-19 diagnosis code would be present to re- 

ect the positive test and health care need). The VAL and VEGA 

atabases comprise both public and most private primary health 

are in Region Stockholm and Region Västra Götaland (the largest 

nd second largest regions in Sweden). These two regions encom- 

ass approximately 4.1 million inhabitants, corresponding to nearly 

0% of the Swedish population ( Statistics Sweden, 2022 ). Although 

hese regions include the two largest cities, as well as the two 

argest university hospitals in Sweden; these regions also include 

ural areas. Because PCC, to a large extent, is diagnosed within pri- 

ary health care in Sweden, the current study was limited to adult 

aged 18 years or above) residents in Region Stockholm and Väs- 

ra Götaland at the study start date (January 31, 2020), for whom 

e have information from all inpatient, specialist outpatient, and 

rimary health care records ( National Board of Health and Wel- 

are, 2022 ). The university hospitals in these regions have advanced 

ealth care and serve as referral centers for other regions; how- 

ver, we only included residents of these regions and not referred 

atients. Information from all registers was available until February 

5, 2022. Inclusion criteria for this study included having a positive 

ARS-CoV-2 PCR test and/or a diagnosis of COVID-19 in any of the 

egisters from the study start date January 31, 2020 until the study 

nd date February 15, 2022. Information on death and emigration 

as retrieved from CDR and LISA, respectively. 

ariables 

A COVID-19 case was defined as having the ICD-10 diagno- 

is COVID-19 (U07.1 or U07.2, as main or secondary diagnosis) in 

PR/VEGA/VAL and/or having a positive SARS-CoV-2 PCR test re- 

ult registered in SmiNet. The first registration of any of these (for 

ischarge diagnosis in the inpatient part of the NPR, the admission 

ate was used) was defined as the COVID-19 index date. PCC was 

efined as having the ICD-10 code U09.9 as the main or secondary 

iagnosis in NPR/VEGA/VAL, and the first occurrence of this code 
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ore than 28 days from the COVID-19 index date was defined as 

he PCC index date ( Wanga et al ., 2021 ). A PCC diagnosis within 28

ays from the COVID-19 index date (without later PCC diagnoses 

n the same individual) was interpreted as a probable misclassifi- 

ation relating to the acute infection rather than prolonged symp- 

oms. Follow-up was defined from the COVID-19 index date until 

he earliest of PCC index date, emigration, death, or the end of the 

tudy. We required a minimum follow-up of 114 days (correspond- 

ng to the third quartile of follow-up between the COVID-19 index 

ate and PCC index date among patients with PCC diagnosed after 

he introduction of the PCC diagnosis code) from COVID-19 index 

ate until death, emigration, or the end of the study. Between the 

OVID-19 index date and the PCC index date, we required a mini- 

um follow-up of 28 days. 

In the acute phase of COVID-19, severity was categorized as ei- 

her hospitalized (highest level of care: requiring intensive care or 

equiring nonintensive inpatient care) or not hospitalized (requir- 

ng neither intensive nor inpatient care). This categorization was 

ased on data from Swedish Intensive Care Register and NPR’s in- 

atient register. 

Sociodemographic data, such as age, residency, sex, country of 

irth, and education, were obtained from the LISA database. Age 

as defined from birth until the start of the study, January 31, 

020, and categorized into five groups (ages 18-34, 35-44, 45- 

4, 55-64, and ≥65 years). Countries of birth, except for Sweden, 

ere aggregated to continental regions (categories: Sweden, Asia 

nd Oceania, Africa, Europe except for Sweden, North and South 

merica, and unknown). Education was categorized into primary 

chool level ( < 10 years), secondary school level (10-12 years), ter- 

iary school level ( > 12 years), and unknown. Data on comorbidi- 

ies were retrieved from NPR and National Diabetes Register from 

anuary 1, 2015 until December 31, 2019. The comorbidities eval- 

ated were broad definitions of respiratory disease (ICD-codes: 

00-J99), cardiovascular disease (ICD-codes: I00-I99), and diabetes 

ICD-codes: E10, E11). Data on medical diagnoses from health care 

ncounters after the PCC index date (patients with COVID-19 with 

CC) or after 28 days from the COVID-19 index date (patients with 

OVID-19 without PCC) were retrieved from the national inpatient 

nd outpatient data in NPR and the regional primary health care 

ata in VAL and VEGA, using both main and secondary diagnoses. 

tatistical analyses 

Characteristics of patients with COVID-19 with or without PCC 

ere analyzed using descriptive statistics and presented as num- 

ers (n), frequencies (%), median, interquartile range (IQR), cumula- 

ive incidence (calculated over the whole study period by dividing 

he number of PCC cases by the number of patients with COVID- 

9), and incidence rates (calculated by dividing the number of PCC 

ases by the sum of all COVID-19 cases’ individual follow-up and 

xpressed per 100 person-years). In the analyses regarding cumu- 

ative incidence and incidence rate, we used the whole follow-up, 

s well as a truncated follow-up at 114 days, to account for differ- 

nces in length of follow-up across the study period. The Mann- 

hitney U test and chi-square test were used to test for signifi- 

ance between groups. 

To describe potential variant-specific characteristics, we strati- 

ed each patient’s COVID-19 index date into distinct time periods 

orresponding to the dominant virus variant. In Sweden, a combi- 

ation of virus variants predominated from February 2020 to Jan- 

ary 2021, followed by the alpha variant of concern (VOC) from 

ebruary 2021 to June 2021 and the Delta VOC from July 2021 to 

ecember 2021 ( Public Health Agency, 2022a ). 

All analyses were performed using R Statistical Software (ver- 

ion 4.1.3). 
106 
ensitivity analyses 

The sensitivity analyses with both more and less restriction of 

he included population were conducted using (i) all individuals 

iagnosed with PCC, regardless of the time between COVID-19 and 

CC diagnosis (n = 11,774), and (ii) all individuals with PCC diag- 

osis requiring a minimum follow-up between the COVID-19 index 

ate and the PCC index date of 90 days (n = 7375). The 2040 pa-

ients with PCC who had a PCC diagnosis but no preceding COVID- 

9 were not included in the main analyses. However, they are de- 

cribed in the supplemental material. 

esults 

umulative incidence and incidence rate of post-COVID-19 condition 

As of February 15, 2022, there were a total of 884,045 COVID-19 

ases in the two largest regions in Sweden (Stockholm and Västra 

ötaland). Of these, 37 7,938 (42.8%) had a shorter follow-up un- 

il death, emigration, or end of the study than 114 days and were 

hus not included in the study (Supplemental Figure S1). Of the re- 

aining cases, 11,774 individuals had a registered diagnosis of PCC 

t some time point (2.3%). When counting only individuals with a 

egistered diagnosis of PCC after 28 days from their COVID-19 in- 

ex date, 10,196 PCC cases remained (age range 18-101 years). Our 

esults therefore show that 2.0 % of all COVID-19 cases in the two 

argest regions in Sweden have been diagnosed with PCC > 28 days 

fter their COVID-19 diagnosis, during the first 16 months of usage 

f the PCC diagnosis code. 

When considering sex, 2.3% of all female COVID-19 cases were 

iagnosed with PCC, compared with 1.6% of all male COVID-19 

ases. The age group 55-64 years had the highest proportion of di- 

gnosed PCC among COVID-19 cases (3.5%), whereas the youngest 

ge group (18-34 years) had the lowest proportion (0.8%). The low- 

st incidence rate across different regions of birth was 1.7 PCC 

ases per 100 person-years among individuals born in Sweden. In- 

ividuals with tertiary education had the highest incidence rate 

2.0 cases per 100 person-years) across education levels. In general, 

he incidence rates showed a similar pattern as the results based 

n cumulative incidence ( Table 1 ). When truncating the follow- 

p for all COVID-19 cases (with or without PCC) at 114 days, the 

atterns for cumulative incidence and incidence rate were similar 

o the analyses using full follow-up, except for the virus variants 

Supplemental Table S1). 

Among patients with COVID-19 with PCC, the median follow- 

p from the COVID-19 index date until the PCC index date was 

7 (IQR = 43-214) days. The median follow-up for patients with 

OVID-19 without PCC was 403 (IQR = 321-462) days (censored at 

eath, emigration, or end of the study). 

ost-COVID-19 condition according to the severity of COVID-19 

When stratifying COVID-19 cases (with and without PCC) by 

everity (hospitalized or non-hospitalized), most individuals had 

ot been hospitalized for COVID-19 (with PCC n = 7162, without 

CC n = 471,079; Table 2 and Fig 1 ). The proportion of patients

ith PCC among patients having required intensive care for COVID- 

9 was 36.9% (COVID-19 cases with PCC n = 926, COVID-19 cases 

ithout PCC n = 1583) from the start of the pandemic until the 

nd of study February 15, 2022 ( Table 1 ). The corresponding pro- 

ortions among patients requiring nonintensive inpatient care and 

mong non-hospitalized patients were 8.3% (with PCC n = 2108, 

ithout PCC n = 23,249) and 1.5% (with PCC n = 7162, without 

CC n = 471,079), respectively. 

Among non-hospitalized patients with COVID-19, patients with 

CC were more likely women (69.9% vs 52.9%, P < 0.001), older 
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Table 1 

Incidence rate and cumulative incidence for post-COVID-19 condition diagnosis among COVID-19 cases stratified according to the initial care requirement for COVID-19. 

COVID-19 cases from the two largest regions in Sweden, Stockholm and Västra Götaland, including both primary healthcare data and inpatient/outpatient specialist healthcare 

data, until February 15, 2022. 

Acute COVID-19 

care level Incidence rate (per 100 person-years) Cumulative incidence (%) 

Non-hospitalized 

Hospitalized, 

non-ICU Hospitalized, ICU Overall Non-hospitalized 

Hospitalized, 

non-ICU Hospitalized, ICU Overall 

Overall 1.4 7.1 36.5 1.8 1.5 8.3 36.9 2.0 

Sex 

Men 0.9 6.9 34.8 1.5 1.0 8.0 35.9 1.6 

Women 1.8 7.4 40.8 2.1 2.0 8.7 39.2 2.3 

Age group a (years) 

18-34 0.7 2.9 18.3 0.8 0.8 3.5 20.9 0.8 

35-44 1.6 8.0 46.0 1.9 1.7 9.3 41.0 2.0 

45-54 2.0 10.8 42.6 2.6 2.2 12.5 43.4 2.8 

55-64 2.1 10.5 40.4 3.1 2.3 12.2 40.9 3.5 

≥65 0.9 5.0 31.0 2.2 1.0 5.9 31.3 2.5 

Region of birth 

Africa 1.0 6.0 31.1 1.8 1.1 7.4 35.9 2.0 

Asia and Oceania 1.5 6.8 34.4 2.2 1.6 8.1 36.2 2.3 

Europe b 1.6 7.3 37.8 2.5 1.7 8.7 37.6 2.7 

North and South 

America 

1.9 8.3 39.5 2.8 2.1 10.1 41.7 3.0 

Sweden 1.3 7.1 36.7 1.7 1.4 8.2 36.2 1.8 

Unknown 1.8 8.2 47.2 2.4 1.9 9.3 43.0 2.5 

Education 

Primary school 1.0 4.8 31.2 1.6 1.0 5.7 31.6 1.8 

Secondary school 1.3 7.8 39.5 1.8 1.4 9.1 39.3 2.0 

Tertiary school 1.6 8.4 38.0 2.0 1.7 9.7 39.0 2.1 

Unknown 0.6 3.8 26.4 1.1 0.6 4.6 28.0 1.2 

Virus variant c 

Mix of virus 

variants 

1.3 4.7 27.1 1.7 1.7 6.6 33.3 2.2 

Alpha VOC 1.5 15.7 76.0 2.2 1.3 12.4 45.2 1.9 

Delta VOC 1.5 20.5 114.7 2.4 0.7 8.7 39.6 1.1 

ICU, intensive care unit; VOC, variant of concern. 
a Age on study start 31 January 2020. 
b Not including Sweden. 
c Virus variants corresponding to specific time periods. In Sweden, a combination of virus variants predominated from February 2020 to January 2021, followed by the 

Alpha VOC from February 2021 to June 2021, and the Delta VOC from July 2021 to December 2021. 

(

u

r

9

(

d

m

w

i

P

c

d

(

d

n  

p

9

(

P

c

p

d

p

m

i

V  

w

m

t

t

V

S

o

h

a

(

T

S

C

a

t

a

b

(

1

w

p

t

n

median 47.1 years vs 41.4 years, P < 0.001), with a tertiary ed- 

cation (51.0% vs 44.1%, P < 0.001) and had a previous respi- 

atory (14.3% vs 10.0%, P < 0.001) or cardiovascular (11.0% vs 

.4%, P < 0.001) disease than patients with COVID-19 without PCC 

 Table 2 ). 

In all three categories of COVID-19 severity, a majority were 

iagnosed with PCC within primary health care ( Table 2 ). The 

edian duration of intensive care among patients with COVID-19 

ithout PCC was 7 (IQR = 3-14) days, and for patients with PCC, 

t was 11 (IQR = 5-24) days. For patients with COVID-19 without 

CC treated in nonintensive inpatient care (excluding the intensive 

are population), the median duration of care was 6 (IQR = 3-10) 

ays and with PCC 8 (IQR = 4-12) days. 

Overall, patients with COVID-19 with PCC had a median of 7 

IQR = 3-12) main and secondary diagnoses after their initial PCC 

iagnosis ( Table 2 ). The most common diagnosis (COVID-19 diag- 

oses excluded) was malaise and fatigue (n = 2575) ( Table 3a ). For

atients with COVID-19 without PCC, the median was 4 (IQR = 2- 

), and the most common diagnosis was essential hypertension 

n = 65,940) ( Table 3b ). 

ost-COVID-19 condition according to specific time periods 

orresponding to dominant virus variants 

Next, using COVID-19 index dates, we grouped the COVID-19 

atient population into distinct time periods corresponding to the 

ominant virus variant at the time of their infection to describe 

otential virus variant-specific characteristics ( Fig 2 and Supple- 

ental Figure S2). The cumulative incidence of PCC was lowest 
107 
n the Delta VOC period (1.1% vs mix of variants: 2.2% and Alpha 

OC: 1.9%) ( Table 1 , Figure 2 ). However, the incidence rate of PCC

as highest in the Delta VOC period (2.4 per 100 person-years vs 

ix of variants: 1.7 and Alpha VOC: 2.2). The period corresponding 

o the Delta VOC had fewer diagnosed PCC cases than the other 

wo periods (n = 363 vs mix of variants: n = 6277 and Alpha 

OC: n = 3556) but had a shorter follow-up (Supplemental Table 

2). When truncating the follow-up for all COVID-19 cases (with 

r without PCC) at 114 days, the Alpha VOC period had both the 

ighest incidence rate (4.8 per 100 person-years vs mix of vari- 

nts: 3.1 and Delta VOC: 3.3) and the highest cumulative incidence 

1.5% vs mix of variants: 1.0% and Delta VOC: 1.0%) (Supplemental 

able S1). 

ensitivity analyses 

In the sensitivity analyses, the proportion of PCC cases to 

OVID-19 cases was 2.3% when including all PCC cases (n = 11,774) 

nd 1.5% when only including those fulfilling the 90 days restric- 

ion (n = 7375). The results regarding the characteristics of these 

lternative study populations were quite similar (Supplemental Ta- 

le S3). Most of the PCC cases had a positive SARS-CoV-2 PCR test 

registered in SmiNet) before their PCC diagnosis (66.3%; n = 8114), 

7.0% (n = 2082) had received a clinical diagnosis of COVID-19 

ithout a positive PCR test, and 16.7% (n = 2040) had neither a 

ositive PCR test nor a diagnosis (Supplemental Table S4). In the 

wo groups without a positive PCR test, the majority were diag- 

osed with PCC during the first half of 2021 and the group with 
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Table 2 

Descriptive statistics for COVID-19 cases with or without PCC diagnosis in the two largest regions in Sweden, Stockholm and Västra Götaland, including both primary healthcare data and inpatient/outpatient specialist healthcare 

data, until 15 February 2022. Stratified according to the initial care requirement for COVID-19. 

Acute COVID-19 care level Non-hospitalized Hospitalized, non-ICU Hospitalized, ICU All 

COVID-19 cases 

without PCC 

COVID-19 cases 

with PCC P -value 

COVID-19 cases 

without PCC 

COVID-19 cases 

with PCC P -value 

COVID-19 cases 

without PCC 

COVID-19 cases 

with PCC P -value 

COVID-19 cases 

without PCC 

COVID-19 cases 

with PCC P -value 

Total, n 471,079 7162 23,249 2108 1583 926 495,911 10,196 

Sex, n (%) < 0.001 0.066 0.129 < 0.001 

Men 221,905 (47.1) 2158 (30.1) 12,799 (55.1) 1116 (52.9) 1124 (71.0) 630 (68.0) 235,828 (47.6) 3904 (38.3) 

Women 249,174 (52.9) 5004 (69.9) 10,450 (44.9) 992 (47.1) 459 (29.0) 296 (32.0) 260,083 (52.4) 6292 (61.7) 

Age a (years), median (IQR) 41.4 (30.2-53.3) 47.1 (38.2-55.4) < 0.001 62.8 (48.6-76.3) 58.2 (49.1-69.0) < 0.001 60.2 (49.8-68.2) 58.3 (50.0-65.9) 0.028 42.2 (30.7-54.5) 50.3 (40.9-59.1) < 0.001 

Age group a (years), n (%) < 0.001 < 0.001 < 0.001 < 0.001 

18-34 170,635 (36.2) 1325 (18.5) 2327 (10.0) 84 (4.0) 140 (8.8) 37 (4.0) 173,102 (34.9) 1446 (14.2) 

35-44 101,371 (21.5) 1782 (24.9) 2362 (10.2) 243 (11.5) 138 (8.7) 96 (10.4) 103,871 (20.9) 2121 (20.8) 

45-54 96,420 (20.5) 2185 (30.5) 3655 (15.7) 520 (24.7) 292 (18.4) 224 (24.2) 100,367 (20.2) 2929 (28.7) 

55-64 61,233 (13.0) 1453 (20.3) 4275 (18.4) 596 (28.3) 457 (28.9) 316 (34.1) 65,965 (13.3) 2365 (23.2) 

65 or above 41,420 (8.8) 417 (5.8) 10,630 (45.7) 665 (31.5) 556 (35.1) 253 (27.3) 52,606 (10.6) 1335 (13.1) 

Region of birth, n (%) < 0.001 0.189 0.643 < 0.001 

Africa 12,653 (2.7) 138 (1.9) 1,057 (4.5) 85 (4.0) 100 (6.3) 56 (6.0) 13,810 (2.8) 279 (2.7) 

Asia and Oceania 54,199 (11.5) 859 (12.0) 4095 (17.6) 359 (17.0) 316 (20.0) 179 (19.3) 58,610 (11.8) 1397 (13.7) 

Europe b 29,041 (6.2) 498 (7.0) 2573 (11.1) 245 (11.6) 221 (14.0) 133 (14.4) 31,835 (6.4) 876 (8.6) 

North and South America 9790 (2.1) 211 (2.9) 720 (3.1) 81 (3.8) 56 (3.5) 40 (4.3) 10,566 (2.1) 332 (3.3) 

Sweden 346,397 (73.5) 5095 (71.1) 13,711 (59.0) 1225 (58.1) 821 (51.9) 466 (50.3) 360,929 (72.8) 6786 (66.6) 

Unknown 18,999 (4.0) 361 (5.0) 1093 (4.7) 113 (5.4) 69 (4.4) 52 (5.6) 20,161 (4.1) 526 (5.2) 

Education, n (%) < 0.001 < 0.001 0.002 < 0.001 

Primary school 60,615 (12.9) 642 (9.0) 5862 (25.2) 357 (16.9) 435 (27.5) 201 (21.7) 66,912 (13.5) 1200 (11.8) 

Secondary school 194,038 (41.2) 2815 (39.3) 9164 (39.4) 915 (43.4) 663 (41.9) 430 (46.4) 203,865 (41.1) 4160 (40.8) 

Tertiary school 207,551 (44.1) 3653 (51.0) 7382 (31.8) 795 (37.7) 426 (26.9) 272 (29.4) 215,359 (43.4) 4720 (46.3) 

Unknown 8875 (1.9) 52 (0.7) 841 (3.6) 41 (1.9) 59 (3.7) 23 (2.5) 9775 (2.0) 116 (1.1) 

Comorbidities, n (%) 

Respiratory disease 47,103 (10.0) 1027 (14.3) < 0.001 5344 (23.0) 487 (23.1) 0.925 285 (18.0) 183 (19.8) 0.299 52,732 (10.6) 1697 (16.6) < 0.001 

No respiratory disease 423,976 (90.0) 6135 (85.7) 17,905 (77.0) 1621 (76.9) 1298 (82.0) 743 (80.2) 443,179 (89.4) 8499 (83.4) 

Cardiovascular disease 44,440 (9.4) 787 (11.0) < 0.001 8631 (37.1) 622 (29.5) < 0.001 455 (28.7) 242 (26.1) 0.173 53,526 (10.8) 1651 (16.2) < 0.001 

No cardiovascular disease 426,639 (90.6) 6375 (89.0) 14,618 (62.9) 1486 (70.5) 1128 (71.3) 684 (73.9) 442,385 (89.2) 8545 (83.8) 

Diabetes 19,026 (4.0) 298 (4.2) 0.624 4552 (19.6) 366 (17.4) 0.015 370 (23.4) 196 (21.2) 0.220 23,948 (4.8) 860 (8.4) < 0.001 

No diabetes 452,053 (96.0) 6864 (95.8) 18,697 (80.4) 1742 (82.6) 1213 (76.6) 730 (78.8) 471,963 (95.2) 9336 (91.6) 

Source of COVID-19 

classification, n (%) 

0.053 < 0.001 0.007 < 0.001 

Positive PCR test c 337,302 (71.6) 5203 (72.6) 20,658 (88.9) 2008 (95.3) 1508 (95.3) 903 (97.5) 359,468 (72.5) 8114 (79.6) 

Diagnosis only, no 

positive PCR test d 
133,777 (28.4) 1959 (27.4) 2591 (11.1) 100 (4.7) 75 (4.7) 23 (2.5) 136,443 (27.5) 2082 (20.4) 

Number of diagnoses e , 

median (IQR) 

4 (2-8) 6 (3-10) 13 (7-22) 9 (4-15) 17 (11-25) 11 (6-16) 4 (2-9) 7 (3-12) 

Follow-up (days), median 

(IQR) 

400 (321-460) 94 (43-220) 432 (333-626) 61 (38-167) 457 (343-657) 118 (57-247) 403 (321-462) 87 (43-214) 

First PCC diagnosis from, n 

(%) 

Inpatient care 138 (1.9) 199 (9.4) 159 (17.2) 496 (4.9) 

Outpatient care 289 (4.0) 151 (7.2) 222 (24.0) 662 (6.5) 

Primary care 6735 (94.0) 1758 (83.4) 545 (58.9) 9038 (88.6) 

We required a minimum follow-up from COVID-19 index date until death, emigration, or end of study of 114 days. We required a minimum follow-up between COVID-19 index date and PCC index date of 28 days. 

ICU, intensive care unit; IQR, interquartile range; PCC, post-COVID-19 condition; PCR, polymerase chain reaction. 
a Age on study start January 31, 2020. 
b Not including Sweden. 
c From SmiNet, first positive test before PCC diagnosis. 
d Among PCC cases: n specialist care = 231, n primary care = 1851. Among COVID-19 cases: n specialist care = 6651, n primary care = 129,792. 
e Main and secondary diagnoses after PCC index date or 28 days after COVID-19 index date. 
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Fig 1. The cumulative number of PCC cases until February 15, 2022 according to COVID-19 severity. Study population from the two largest regions in Sweden, Stockholm 

and Västra Götaland, including both primary healthcare data and inpatient/outpatient specialist healthcare data. 

PCC, post-COVID-19 condition. 

Table 3a 

Number (%) of COVID-19 cases with PCC diagnosed with the most common diagnoses (main and secondary) after PCC index date, stratified according to the initial 

care requirement for COVID-19. Study population from the two largest regions in Sweden, Stockholm and Västra Götaland, including both primary healthcare data 

and inpatient/outpatient specialist healthcare data, until February 15, 2022. 

COVID-19 cases with PCC 

Acute COVID-19 care level/ Diagnoses after PCC 

Non-hospitalized 

(n = 7162) 

Hospitalized, non-ICU 

(n = 2108) 

Hospitalized, ICU 

(n = 926) All (n = 10,196) 

R53.9 Malaise and fatigue 1,963 (27.4) 428 (20.3) 184 (19.9) 2,575 (25.3) 

I10.9 Essential hypertension 1,132 (15.8) 768 (36.4) 441 (47.6) 2,341 (23.0) 

R06.0 Dyspnea 1,254 (17.5) 513 (24.3) 339 (36.6) 2,106 (20.7) 

R52.9 Pain, unspecified 1,299 (18.1) 366 (17.4) 183 (19.8) 1,848 (18.1) 

R05.9 Cough, unspecified 805 (11.2) 237 (11.2) 134 (14.5) 1,176 (11.5) 

G93.3 Postviral fatigue syndrome 919 (12.8) 145 (6.9) 76 (8.2) 1,140 (11.2) 

J45.9 Unspecified asthma 631 (8.8) 272 (12.9) 112 (12.1) 1,015 (10.0) 

R51.9 Headache, unspecified 821 (11.5) 130 (6.2) 50 (5.4) 1,001 (9.8) 

G47.9 Sleep disorder, unspecified 633 (8.8) 198 (9.4) 95 (10.3) 926 (9.1) 

E11.9 Type 2 Diabetes Mellitus without complications 301 (4.2) 366 (17.4) 236 (25.5) 903 (8.9) 

Diagnoses from the U-chapter excluded. 

ICU, intensive care unit; PCC, post-COVID-19 condition. 
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tients with COVID-19 without PCC. 
iagnosis only had COVID-19 index dates largely during the first 

onths of the pandemic (Supplemental Figures S3 and S4). 

iscussion 

In the current study, we used Swedish hospital data and pri- 

ary health care data from the two largest regions in Sweden (4.1 

illion inhabitants) to present the incidence rate and cumulative 

ncidence and describe characteristics of all adult patients receiv- 
109 
ng a PCC diagnosis during the first 16 months of use of the ICD-10 

iagnosis code U09.9 in Sweden. We show that 10,196 individuals, 

.0 % of all COVID-19 cases, had been diagnosed with PCC during 

he first 16 months of usage of the PCC diagnosis code. Although 

he overall cumulative incidence was higher in patients with se- 

ere and critical COVID-19, most of the individuals diagnosed with 

CC had not been hospitalized for COVID-19. This non-hospitalized 

roup was more likely female, older, had tertiary education, and 

ad a previous respiratory or cardiovascular disease than the pa- 
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Table 3b 

Number (%) of COVID-19 cases without PCC diagnosed with the most common diagnoses (main and secondary) more than 28 days after COVID-19 index date, 

stratified according to the initial care requirement for COVID-19. Study population from the two largest regions in Sweden, Stockholm and Västra Götaland, including 

both primary healthcare data and inpatient/outpatient specialist healthcare data, until 15 February 2022. 

COVID-19 cases without PCC 

Acute COVID-19 care level/ Diagnoses after COVID-19 a 
Non-hospitalized 

(n = 471,079) 

Hospitalized, non-ICU 

(n = 23,249) 

Hospitalized, ICU 

(n = 1583) 

All 

(n = 495,911) 

I10.9 Essential hypertension 53,910 (11.4) 11,166 (48.0) 864 (54.6) 65,940 (13.3) 

R52.9 Pain, unspecified 61,056 (13.0) 4,060 (17.5) 265 (16.7) 65,381 (13.2) 

R53.9 Malaise and fatigue 36,047 (7.7) 3,688 (15.9) 274 (17.3) 40,009 (8.1) 

R05.9 Cough, unspecified 35,254 (7.5) 4,106 (17.7) 356 (22.5) 39,716 (8.0) 

J06.9 Acute upper respiratory infection, unspecified 32,453 (6.9) 1,720 (7.4) 113 (7.1) 34,286 (6.9) 

R10.4X Abdominal pain, unspecified 29,238 (6.2) 2,875 (12.4) 157 (9.9) 32,270 (6.5) 

F41.9 Anxiety disorder, unspecified 23,855 (5.1) 1,399 (6.0) 78 (4.9) 25,332 (5.1) 

R06.0 Dyspnea 16,743 (3.6) 7,578 (32.6) 758 (47.9) 25,079 (5.1) 

G47.9 Sleep disorder, unspecified 21,337 (4.5) 2,003 (8.6) 162 (10.2) 23,502 (4.7) 

R51.9 Headache, unspecified 20,888 (4.4) 1,341 (5.8) 75 (4.7) 22,304 (4.5) 

Diagnoses from the U-chapter excluded. 

ICU, intensive care unit; PCC, post-COVID-19 condition. 
a Diagnoses from healthcare visits from day 29 after COVID-19 index date until end of follow-up. 

Fig 2. On the left y-axis: bar plot of COVID-19 cases (transparent color) and PCC cases (full color) according to COVID-19 index date (month and year). On the right y-axis: 

the percentage of PCC cases among COVID-19 cases (black dots). Study population from the two largest regions in Sweden, Stockholm and Västra Götaland, including both 

primary healthcare data and inpatient/outpatient specialist healthcare data, until February 15, 2022. Specific time periods of predominant virus VOC indicated. Early during 

the pandemic, the polymerase chain reaction testing was very low in Sweden which is reflected in the low incidence of COVID-19 cases. A zoom in on the PCC cases is 

available in Supplemental Figure S2. PCC, post-COVID-19 condition; VOC, variant of concern. 
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A recent systematic review reported a range of PCC prevalence 

rom 9-81% among 31 studies worldwide reporting PCC in widely 

arying selected COVID-19 study populations ( Chen et al ., 2022 ), 

nd a recent umbrella review showed prevalence between 2% and 

3% among different selected populations ( Nittas et al ., 2022 ). The 

ifferences in prevalence between studies seem to a large extent 

e due to differences in the study populations, follow-up time, the 

efinition of post-COVID-19 condition (one or more symptoms af- 

er a certain number of days after COVID-19), the accuracy of diag- 

osis, the reporting systems, and the capacity of health care sys- 

ems ( Crook et al ., 2021 ). For example, a survey carried out by

he Office for National Statistics in the United Kingdom showed 

hat 9.9% of patients with COVID-19 reported at least one symp- 

om 12 weeks after the COVID-19 index date ( The Office for Na- 

ional Statistics, 2020 ). A cohort study from Wuhan (n = 1276), 

hich interviewed patients about their symptoms and conducted 

hysical examinations, laboratory tests, and a 6-minute walk test 

fter 6 and 12 months, found that 49% of patients who previously 

ad been hospitalized due to COVID-19 had at least one seque- 

ae symptom 12 months after the initial infection (Huang et al., 

021b ). Assessment of PCC prevalence in truly population-based 

ettings is rare in the previously published studies. 

Because Sweden was early in implementing the U09.9 code, we 

hose to use this diagnosis code to describe the PCC prevalence as 

 reflection of actual clinical care and diagnosis setting. There are, 

owever, limitations to using U09.9 as a definition of PCC. In the 

wedish National Board of Health and Welfare guidance, physicians 

re recommended to use the PCC code U09.9 when a symptom or 

ondition is regarded as being caused by a previous COVID-19 in- 

ection. However, no instruction is given regarding how soon after 

he primary infection the code can be used. According to the case 

efinition recently created by the WHO, PCC could be considered 

he first 3 months from COVID-19 onset, but 4 weeks have also 

een used as a definition in earlier studies ( Wanga et al ., 2021 ).

herefore, in our main analyses, we did not define 1578 patients 

s PCC cases because they were only given the PCC code within 

8 days after the COVID-19 index date (and not again). Possible 

xplanations for a PCC diagnosis within 28 days of COVID-19 in- 

ex date include patients not getting tested for SARS-CoV-2 dur- 

ng the acute infection and then receiving a late COVID-19 diag- 

osis when seeking health care for PCC symptoms (early during 

he pandemic, the testing capacity in Sweden was very low) or 

isclassification because there was no specification in Sweden on 

ow soon after COVID-19 a PCC diagnosis could be used or that 

cute COVID-19 symptoms were misclassified as PCC. It is also dif- 

cult to distinguish between PCC and other possible effects of hos- 

italization and intensive care treatment. This issue is not over- 

ome by using the U09.9 code, and we are therefore unable to 

iscriminate between these conditions in our study. Furthermore, 

artly due to the wide definition of PCC and the lack of knowl- 

dge about the condition, it is likely that not all patients experi- 

ncing post-COVID-19 complications are diagnosed with PCC and 

eceive the U09.9 code ( Walker et al ., 2021 ). In Sweden, the Pub-

ic Health Agency recommended the same public health surveil- 

ance for COVID-19 in all regions; although, a recent report con- 

luded that Region Stockholm and Västra Götaland had lower test 

apacity than other regions, especially during 2020 ( Almgren and 

jörk, 2021 ). Lastly, the diagnosis code has not yet been validated 

n a Swedish setting. Therefore, the true cumulative incidence of 

CC could both be higher and lower than our estimate. Increased 

se of the WHO-implemented ICD-10 code U09.9 in future studies 

an hopefully assist in making comparisons between studies, even 

hough many complicating factors will remain. 

When considering prevalence data on PCC in different settings 

nd populations, it is important to be aware of the limitations 

resent in the various reports. The Swedish National Board of 
111 
ealth and Welfare regularly presents nationwide data on the PCC 

revalence in Sweden; although, their results are based on ag- 

regated primary health care data. Their latest report estimated 

hat 16,019 individuals received a PCC diagnosis within the public 

rimary healthcare from October 2020 until October 2021 in the 

hole of Sweden ( National Board of Health and Welfare, 2022 ). 

n addition, in the report, data from the NPR showed that 5710 

ndividuals received a PCC diagnosis in a hospital or outpatient 

linic during the same period ( National Board of Health and Wel- 

are, 2022 ). However, the use of aggregated primary health care 

ata, thus not individual-level data, makes it likely that there 

s some overlap between data from primary care and hospi- 

al/outpatient care. Furthermore, data are gathered from primary 

are within the public health system only, whereas numbers re- 

arding private primary care are based on estimates. By having 

ccess to individual data from NPR, as well as from both public 

nd private primary health care, our results regarding the cumu- 

ative incidence of PCC in the two largest regions in Sweden are 

ikely more accurate than the Swedish governmental reports. The 

act that the majority of patients with PCC in our study were diag- 

osed within primary health care (88.6%) further emphasizes the 

mportance of having individual-based data from primary health 

are. 

Our results showed a clear difference in cumulative incidence 

f PCC, depending on the severity of the primary infection. Among 

atients having required intensive care for COVID-19, 36.9 % went 

n to receive a PCC diagnosis, whereas the proportion of PCC di- 

gnoses among non-hospitalized patients was only 1.5%. This is 

n line with previous reports showing a possible association be- 

ween more severe acute infection and an increased risk of de- 

eloping PCC ( Huang et al., 2021a ; Sudre et al ., 2021 ). Further-

ore, the high numbers of PCC among patients requiring inten- 

ive care for COVID-19 likely include patients experiencing the con- 

equences of hospital care, including the so-called postintensive 

are syndrome ( Rawal et al ., 2017 ). Consistent with previous re- 

orts ( Augustin et al ., 2021 ; Huang et al., 2021a ; National Board

f Health and Welfare, 2022 ), we also showed that females were 

ore likely to receive a PCC diagnosis than men: 2.3% and 1.6%, 

espectively. There was also a difference across age groups, and 

he highest proportions of PCC were seen at ages 55-64 years. The 

ifferent health-seeking behaviors between the sexes, as well as 

etween different age groups, might explain some of these differ- 

nces in PCC prevalence, both in terms of getting tested for SARS- 

oV-2 during the initial infection and in seeking health care when 

xperiencing symptoms of PCC ( Thompson et al ., 2016 ). Further- 

ore, patients initially hospitalized for COVID-19 might be more 

rone to continue seeking medical care after hospitalization, and 

here might also be different patterns of health-seeking behavior in 

he other subgroups evaluated in this study. One inevitable limita- 

ion to diagnosis-based register studies, such as the current study, 

s that these types of health-seeking behavior differences across 

ubgroups might introduce self-selection bias. Nevertheless, the re- 

ults presented here will be relevant and useful for assessing the 

uture impact of PCC on health care as a reflection of real-world 

ealth care practices. 

It is still unclear whether different SARS-CoV-2 variants have 

he same potential to cause sequelae symptoms and PCC after the 

nitial infection and if there are any virus variant-specific charac- 

eristics of the condition. The current study shows that the cumu- 

ative incidence was lower in the Delta VOC period than in the 

ther periods, but the incidence rate was higher. This might be 

ue to the shorter follow-up in the Delta VOC period, and con- 

idering that the study end date was February 15, 2022 and that 

e required a minimum follow-up of 114 days, individuals whose 

OVID-19 index date was closer to the end of the study had less 

ime to develop PCC. Hence, the results regarding PCC among pa- 
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ients infected by SARS-CoV-2 when the Delta VOC was dominant 

n = 363) in Sweden (July 2021 until December 2021) must be 

nterpreted cautiously. When accounting for differences in length 

f follow-up using a truncated follow-up, we show that the Alpha 

OC period had a higher incidence rate and cumulative incidence 

han the other two periods. PCR confirmation of COVID-19 (84.6%) 

as comparatively low early in the period when a mix of virus 

trains was circulating due to the limited test capacity in Sweden 

uring the first months of the pandemic. 

Early in the pandemic, Sweden chose an approach to mitigate 

he pandemic that was different from most other countries, in- 

luding the Nordic countries. The strategy was based on voluntary 

easures and personal responsibility of the Swedish population 

 Ludvigsson, 2022 ). A commission concluded in 2022 that although 

he overall mortality (2020-2021) was lower than in many other 

ountries, earlier and more extensive measures should have been 

ndertaken early on during the pandemic ( Ludvigsson, 2022 ). Vac- 

ination of individuals in risk groups started in late 2020 and early 

021 and continued on a large scale for the whole adult popula- 

ion in the second quarter of 2021 ( Public Health Agency, 2022b ). 

n the middle of the summer 2021, around 70% of the population 

ad taken their first dose, meaning that the risk of severe COVID- 

9 had changed by the end of the study period. 

Our study has several strengths: it is population-based and in- 

ludes a near-complete data set from inpatient, outpatient, and pri- 

ary health care data. Moreover, we used individual-level data and 

an thus distinguish individuals appearing in more than one regis- 

er and avoid data duplication or overlap. Importantly, we included 

ata from both public and private primary health care. 

In conclusion, we present data on the estimated cumulative 

ncidence of PCC in a truly population-based setting in the two 

argest regions in Sweden, together with a detailed characteriza- 

ion of the patient population diagnosed with PCC during the first 

6 months of use of the ICD-10 diagnosis code U09.9. This knowl- 

dge is important to further the understanding of this emerging 

atient group. However, more research is urgently needed to im- 

rove the diagnosis and clinical care for these patients. 
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