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AbstrAct
Objective
To evaluate longer term symptoms and health 
outcomes associated with post-covid-19 condition 
within a cohort of individuals with a SARS-CoV-2 
infection.
Design
Population based, longitudinal cohort.
setting
General population of canton of Zurich, Switzerland.
ParticiPants
1106 adults with a confirmed SARS-CoV-2 infection 
who were not vaccinated before infection and 628 
adults who did not have an infection.
Main OutcOMe Measures
Trajectories of self-reported health status and 
covid-19 related symptoms between months six, 
12, 18, and 24 after infection and excess risk of 
symptoms at six months after infection compared with 
individuals who had no infection.
results
22.9% (95% confidence interval 20.4% to 25.6%) 
of individuals infected with SARS-CoV-2 did not fully 
recover by six months. The proportion of individuals 
who had an infection who reported not having 
recovered decreased to 18.5% (16.2% to 21.1%) 
at 12 months and 17.2% (14.0% to 20.8%) at 24 
months after infection. When assessing changes in 
self-reported health status, most participants had 
continued recovery (68.4% (63.8% to 72.6%)) or had 
an overall improvement (13.5% (10.6% to 17.2%)) 

over time. Yet, 5.2% (3.5% to 7.7%) had a worsening 
in health status and 4.4% (2.9% to 6.7%) had 
alternating periods of recovery and health impairment. 
The point prevalence and severity of covid-19 related 
symptoms also decreased over time, with 18.1% 
(14.8% to 21.9%) reporting symptoms at 24 months. 
8.9% (6.5% to 11.2%) of participants reported 
symptoms at all four follow-up time points, while in 
12.5% (9.8% to 15.9%) symptoms were alternatingly 
absent and present. Symptom prevalence was higher 
among individuals who were infected compared 
with those who were not at six months (adjusted 
risk difference 17.0% (11.5% to 22.4%)). Excess risk 
(adjusted risk difference) for individual symptoms 
among those infected ranged from 2% to 10%, with 
the highest excess risks observed for altered taste 
or smell (9.8% (7.7% to 11.8%)), post-exertional 
malaise (9.4% (6.1% to 12.7%)), fatigue (5.4% (1.2% 
to 9.5%)), dyspnoea (7.8% (5.2% to 10.4%)), and 
reduced concentration (8.3% (6.0% to 10.7%)) and 
memory (5.7% (3.5% to 7.9%)).
cOnclusiOns
Up to 18% of individuals who were not vaccinated 
before infection had post-covid-19 condition up to two 
years after infection, with evidence of excess symptom 
risk compared with controls. Effective interventions 
are needed to reduce the burden of post-covid-19 
condition. Use of multiple outcome measures and 
consideration of the expected rates of recovery and 
heterogeneity in symptom trajectories are important in 
the design and interpretation of clinical trials.
registratiOns
ISRCTN18181860, ISRCTN14990068.

Introduction
Post-covid-19 condition affects 20-30% of unvaccinated 
individuals three to six months after SARS-CoV-2 
infection.1-13 To adequately inform patients, healthcare 
providers, and policy makers, not only is determining 
prevalence important but also its natural course over 
time.14 As evidence on the substantial public health 
burden of post-covid-19 condition accumulates, 
clinical trials are necessary to establish interventions 
that accelerate recovery or provide relief for associated 
symptoms. A solid understanding of trajectories and 
relevant outcome measures of post-covid-19 condition 
is required to effectively design and adequately 
interpret such trials.

Several studies assessed long term outcomes related 
to post-covid-19 condition and found that 22-75% of 
individuals had symptoms for more than a year after 
infection.3 15-25 Most of these studies included specific 
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populations, such as patients in hospital, focused on a 
specific dimension of post-covid-19 condition, did not 
have a prospective follow-up, or suffered from relevant 
attrition rates. Thus, these studies might not reflect the 
variability of symptoms and recovery over time, and 
their generalisability across the severity spectrum of 
acute covid-19 might be limited. Additionally, most 
studies assessing post-covid-19 condition did not have 
a comparator group, and their findings were often 
questioned because many reported symptoms were 
non-specific and common in the general population 
without an infection. Limited knowledge and no 
consensus on core outcomes regarding post-covid-19 
condition has led to the use of various outcome 
measures across observational studies affecting 
their comparability.26 These issues also impair the 
interpretation of trials of interventions targeting 
post-covid-19 condition and their translation into 
healthcare policy and clinical practice.

In this study, we aimed to address some of the 
limitations of the existing evidence by comprehensively 
characterising the course of post-covid-19 condition 
within a population based, longitudinal cohort of 
individuals who were infected by SARS-CoV-2. We aimed 
to describe patterns of recovery and symptom persistence 
over 24 months and to determine the attributable risk 
of related symptoms by comparing their prevalence 
in individuals who were individuals with a general 
population cohort with no evidence of past infection.

Methods
study design and participant recruitment
This analysis is based on the Zurich SARS-CoV-2 Cohort 
(ISRCTN14990068), an ongoing, population based, 
prospective study of individuals with confirmed SARS-
CoV-2 infection. We recruited participants through the 
Department of Health of the canton of Zurich, which 
is notified of all diagnosed SARS-CoV-2 cases in the 
canton through mandatory reporting. We evaluated 
all individuals for whom information was available for 
eligibility assessment. Adults (≥18 years) were eligible 
if they were residing in the canton of Zurich, able to 
follow study procedures, and had sufficient knowledge 
of the German language. We invited a daily age 
stratified (18-39, 40-64, ≥65 years) random sample of 
eligible individuals to participate.

We enrolled individuals diagnosed with a PCR 
confirmed SARS-CoV-2 infection between 06 August 
2020 and 19 January 2021 on or as soon as possible 
after diagnosis. All participants were infected with 
the wildtype (Wuhan-Hu-1) SARS-CoV-2 strain,27 28 
enrolled before covid-19 vaccine roll-out, and none 
had previously been infected.

We obtained written or electronic consent from all 
participants. The study was prospectively registered 
and approved by the local ethics committee. This study 
is reported according to the STROBE statement.29

uninfected comparator group
To compare health outcomes among individuals 
who have an infection with those in a comparable 

population who do not have an infection, we used 
data from phase 4 of the Corona Immunitas Zurich 
seroprevalence study (ISRCTN18181860).30 31 For this 
study, individuals were randomly selected from the 
general population of the canton of Zurich by use of 
age stratified sampling (20-64 years, ≥65 years) and 
invited to participate. For the comparator group, we 
excluded participants who had a SARS-CoV-2 infection 
in the past or at the time of enrolment. We used data 
collected at the time of enrolment, corresponding 
to the timeframe of the six month assessment of 
individuals recruited in the Zurich SARS-CoV-2 Cohort 
(May to August 2021). This method was to minimise 
any potential influence of the timing of assessments on 
the outcomes of interest (eg, influence of public health 
measures or duration of the pandemic on mental 
health outcomes).

Data sources
We used data collected through electronic 
questionnaires in the Zurich SARS-CoV-2 Cohort. 
The baseline questionnaire at enrolment included 
questions on sociodemographics, self-reported pre-
existing comorbidities (ie, hypertension, diabetes 
mellitus, cardiovascular disease, respiratory disease, 
chronic renal disease, current or past malignancy, 
and immune suppression), health status before 
infection, and details about the acute infection (ie, 
presence and self-reported severity of symptoms and 
hospitalisation). Follow-up questionnaires included 
questions relating to symptoms and physical and 
mental health; they were completed at two weeks 
and months 1, 3, 6, 9, 12, 18, and 24 after infection. 
Response rates up to 12 months ranged between 
88% and 96% (supplementary table 1). Participants 
initially consented to participation for a year and were 
asked to consent for further biannual assessments 
after completion of the 12 month assessment. 

We further used data collected in the baseline 
questionnaire of phase 4 of Corona Immunitas. 
To ensure comparability, the questionnaire was 
closely aligned with the Zurich SARS-CoV-2 Cohort 
questionnaires and included identical questions on 
sociodemographics, comorbidities, symptoms, and 
physical and mental health. Longer term follow-up 
data for the Corona Immunitas population was not 
available.

Outcomes and measurements
In the absence of an established core outcome set 
for post-covid-19 condition, we determined study 
outcomes based on commonly reported patient-
relevant health measures and symptoms.26 32

Our primary outcome was the overall relative health 
status of participants at months 6, 12, 18, and 24 after 
infection, defined using a combination of two self-
reported measurements: recovery status, for which 
participants were asked whether they had recovered 
compared with their usual health status before 
infection, and overall health status using the EuroQol 
visual analogue scale (EQ-VAS), with cut-off values for 
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Individuals with SARS-CoV-2 infection eligible for stratified random sampling

Participant recruitment (Department of Health, canton of Zurich, Switzerland)

Participant
enrolment
(Zurich SARS-
CoV-2 Cohort)

Individuals with SARS-CoV-2 infection identified through mandatory reporting
Age 0-17 years
Age 18-39 years

5677
28 970

Age 40-65 years
Age 18-39 years

26 695
10 988

Age information missing63

Excluded
Could not be contacted
Did not meet eligibility criteria
    No consent to be recontacted for study purposes
    Insufficient knowledge of the German language
    Aged <18 years
    Not residing in the canton of Zurich
Record incomplete not allowing eligibility assessment
Nursing home resident
No contact tracing perfomed
    False positive test
    Could not be traced or tracing outsourced
    Unclear if tracing completed
    Previously infected
Deceased

555
9294

27 765
1205

276

10

Excluded from sampling due to limited study capacity
30 103

Included SARS-CoV-2 infected individuals that were initially
included in cohort as close contact of infected case

39 105

33 162

Individuals with SARS-CoV-2 infection randomly sampled

126

Eligible individuals who asked for study
participation through relatives or friends

19

3059

Individuals with SARS-CoV-2 infection invited into study by health authorities
3185

Individuals with SARS-CoV-2 infection agreeing to be contacted by study team
1284

Individuals with SARS-CoV-2 infection providing consent for study participation
1106

72 393

2624
1679
4968

23

195
51
25

5

Excluded
Not reached
Declined
Insufficient knowledge of German language
Unable to follow study procedures
Nursing home resident
False positive test
Deceased

695
888
177

45
80

6
10

1901

Excluded
Not reached
Declined
Insufficient knowledge of German language
Not residing in canton of Zurich
False positive test
Not within eligible sample (n=3)
Other

33
127

26
4
2
3
2

197

Fig 1 | study enrolment into the Zurich sars-cov-2 cohort study (infected individuals)
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different levels of health impairment (EQ-VAS scores 
of >70 for mild; 51-70 for moderate; ≤50 for severe) 
determined based on population normative values and 
studies on chronic obstructive pulmonary disease.33-35 
In a sensitivity analysis, we used alternative EQ-VAS 
score cut-offs (>60 for mild; 41-60 for moderate; ≤40 
for severe).

Secondary outcomes included the point prevalence 
and severity of 23 symptoms at months 6, 12, 18, 
and 24 (supplementary table 2). Self-perceived 
severity was assessed using a five point Likert-scale 
and recategorised into three levels (minimal or mild, 
moderate, and severe or very severe). We also asked 
participants to indicate whether they perceived the 
symptoms to be related to covid-19 to differentiate 
post-covid-19 symptoms from those due to other 
reasons. We report the complete wording of questions 
in supplementary table 3.

We further assessed the trajectories of the relative 
health status and symptoms between six months and 
24 months. For relative health status, we grouped 

individuals into five categories: continued recovery 
(ie, recovered at all follow-up time points), improved 
(improvement in the health status category or in 
EQ-VAS by ≥8 points (corresponding to a minimal 
important difference)), worsened (deterioration of 
the health status category or in EQ-VAS by ≥8 points), 
alternating course (alternating periods of recovery 
and health impairment), and no change (no change in 
the level of impairment and changes in EQ-VAS of <8 
points). For covid-19 related symptoms, we grouped 
participants into: continued recovery (symptoms 
absent at all time points), improved (symptom-free 
by 24 months), worsened (symptoms absent at six 
months but reported afterwards), alternating course 
(symptoms alternatingly present and absent), and no 
change (symptoms present at all time points).

Additionally, we used scale based assessments to 
assess adverse health outcomes including fatigue 
(score ≥22 on the fatigue assessment scale (FAS)), 
dyspnoea (grade ≥1 on modified Medical Research 
Council dyspnoea scale (mMRC)), depression (score 
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Fig 2 | (a) Proportions and 95% confidence interval of participants who had not recovered (overall) and with mild, moderate, and severe health 
impairment at months 6, 12, 18, and 24 after infection. inverse probability of censoring weighting was applied to all estimates. (b) alluvial plot 
showing the transition of participants across the different health states over time (among participants with complete data at all time points and 
excluding those who reported continued recovery at all follow-up time points). the width of the flow corresponds to the weighted proportion of 
participants and colours represent the overall trajectory between six and 24 months. (c) Proportions and 95% confidence intervals of participants 
with any symptom (regardless of whether they were related to covid-19) and symptoms reported by participants to be related to covid-19 at months 
6, 12, 18, and 24 after infection. inverse probability of censoring weighting was applied to all estimates. (D) alluvial plot showing the transition 
between presence and absence of self-reported covid-19 related symptoms over time (among participants with complete data at all time points and 
excluding those who were symptom-free at all follow-up time points). the width of the flow corresponds to the weighted proportion of participants 
and colours represent the overall symptom trajectory between six months and 24 months
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Fig 3 | Point prevalence and severity of 23 prespecified symptoms at months 6, 12, 18, and 24 after sars-cov-2 infection, grouped by body organ 
system. error bars show the prevalence and 95% confidence interval for each of the symptoms. inverse probability of censoring weighting was 
applied to all estimates. solid lines refer to symptoms reported by participants to be related to covid-19. Dotted lines refer to all reported symptoms 
regardless of whether they were reported to be related to covid-19. stacked bar plots show self-reported severity of symptoms reported to be 
related to covid-19 (as a proportion of all reported symptoms). PeM=Post-exertional malaise; gi=gastrointestinal
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≥10 on depression, anxiety, and stress scale-21 (DASS-
21)), anxiety (score ≥8 on DASS-21), and stress (score 
≥15 on DASS-21), and health related quality of life 
(ie, impaired mobility, self-care, or usual activities, 
depression or anxiety, pain or discomfort in the 
EuroQol 5-dimension 5-level (EQ-5D-5L) instrument). 
Score calculation for these assessments followed 
official guidance, as described previously.5 36

statistical analysis
We descriptively evaluated the relative health status 
and point prevalence and severity of each of the 
symptoms among individuals infected with SARS-
CoV-2 at each follow-up. We visualised changes 
in health status and covid-19 related symptoms 
between six and 24 months using alluvial diagrams37 
and descriptively compared the characteristics of 
participants experiencing the different trajectories. 
Furthermore, we described the proportion of 
participants with adverse health outcomes on the 
basis of scale-based assessments before infection and 

up to 24 months. All proportions are reported with 
95% confidence intervals.

Missing data occurred for two reasons: non-response 
or loss to follow-up and reinfection (supplementary 
table 4). We excluded all data reported after reinfection 
(16 participants at 12 months, 290 at 24 months), 
defined as a new positive SARS-CoV-2 PCR or antigen 
test more than 60 days after the initial infection,38 
from the main analysis to ensure that evaluated 
outcomes were unrelated to such reinfections. To 
account for potential selection bias introduced by 
these missing data, we applied stabilised inverse 
probability of censoring weighting to all estimates. 
Inverse probability of censoring weights at each 
follow-up questionnaire were derived using logistic 
regression models predicting the probability of non-
missingness at that time point. We selected covariables 
a priori and considered the following to be related to 
missingness and post-covid-19 condition: age; sex; 
body mass index; smoking status; education level; 
monthly income; and presence of diabetes mellitus; 
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Fig 4 | (a) Proportion of sars-cov-2 infected participants with fatigue (measured on Fas), dyspnoea grade ≥1 (on mMrc), depression, anxiety, and 
stress (on Dass-21) over time. (b) Proportion of participants who have not recovered by six months with fatigue (on Fas), dyspnoea grade ≥1 (on 
mMrc), depression, anxiety, and stress (on Dass-21) over time. (c) Proportion of sars-cov-2 infected participants with problems in the five eQ-5D-
5l domains over time. (D) Proportion of participants who have not recovered by six months with problems in the five eQ-5D-5l domains over time. 
inverse probability of censoring weighting was applied to all estimates. Fas=fatigue assessment scale; mMrc=modified Medical research council 
dyspnoea scale; Dass-21=21 item depression, anxiety and stress scale 
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cardiovascular, respiratory, or chronic renal disease; 
current or past malignancy; and immune suppression. 
To assess the robustness of our findings, we conducted 
several sensitivity analyses using multivariate 
imputation by chained equations (supplementary 
methods), (non-weighted) available case analysis 
excluding and including data after reinfection, and 
complete case analysis.

To evaluate the excess risk of symptoms and adverse 
health outcomes at six months among individuals who 
had an infection compared with those who had not, we 
calculated adjusted absolute risk differences39 and odds 
ratios using generalised linear models. We calculated 
inverse probability weighted estimates to account for 
possible confounding.40 We estimated propensity 
scores to reflect the probability of a participant 
belonging to the infected or uninfected group given 
the covariables mentioned previously, in addition to 
hypertension. We chose these variables because they 
are probably associated with being infected with SARS-
CoV-241 and developing post-covid-19 condition.42 
Based on propensity scores, we calculated inverse 
probability weights, which we subsequently used for 
estimating average treatment effects of SARS-CoV-2 
infection on symptoms and health outcomes in the 
whole population (supplementary table 5). Propensity 
scores of less than 0.1 or more than 0.9 were excluded 
(n=1 with score >0.9).43 We assessed covariate balance 
using standardised mean differences (differences <0.1 
considered negligible; supplementary figure 1) and 
found both populations to be similar after applying 
inverse probability weighting.

We performed all statistical analyses using R 
(version 4.2.2).

Patient and public involvement
Patients were not directly involved in the design and 
conduct of the cohort, the development of the research 
questions and aims, or in the interpretation and 

writing up of the results. The study was conceived and 
implemented during the early stages of the pandemic 
and any patient and public involvement would have 
been challenging and could have delayed its rapid 
implementation. However, members of the research 
team are part of a Long Covid citizen science board,44 
through which they are in regular exchange with 
individuals affected by post-covid-19 condition. This 
relationship has substantially shaped the research 
questions addressed by the cohort.

results
Among 3185 individuals who were eligible and invited 
to participate in the Zurich SARS-CoV-2 Cohort, 1106 
(34.7%) agreed to participate (fig 1). 854 (77%) 
participants consented to study prolongation and 
788 (72%) completed the 24 month assessment. 776 
participants completed all questionnaires between 
months six and 24. Just over half of participants were 
female (566 (51.2%) of 1106). Of 1106 participants, 
951 (86.0%) were symptomatic and 48 (4.3%) were 
admitted to hospital during acute infection. Compared 
with individuals who did not agree to take part in the 
study, participants were younger on average, a lower 
proportion was admitted to hospital for covid-19 (48 
(4.3%) of 1106 v 211 (10.1%) of 2079), and a higher 
proportion was symptomatic (951 (86.0%) of 1106 v 
1652 (79.5%) of 2079; supplementary table 6).

recovery trajectories up to 24 months
Overall, 55.3% (95% confidence interval 52.3% to 
58.3%) reported returning to their normal health 
status in less than a month after infection, and 17.6% 
(15.4% to 20.0%) reported recovery within one to three 
months. By six months, 22.9% (20.4% to 25.6%) of 
participants reported that they had not yet recovered, 
with 16.2% (14.1% to 18.6%) having mild, 3.6% 
(2.6% to 4.9%) having moderate, and 2.7% (1.9% 
to 3.9%) having severe health impairment (0.4% 
missing EQ-VAS data) (fig 2A, supplementary table 
7). Over time, the proportion of infected individuals 
reporting non-recovery decreased to 18.5% (16.2% 
to 21.1%) at 12 months, 19.2% (16.3% to 22.5%) 
at 18 months, and 17.2% (14.0% to 20.8%) at 24 
months. A similar decrease occurred at 24 months 
in the severity of health impairment with 10.4% 
(8.0% to 13.5%) having mild, 3.9% (2.5% to 6.0%) 
having moderate, and 1.9% (1.0% to 3.5%) having 
severe impairment (1% missing EQ-VAS). Sensitivity 
analysis using alternative EQ-VAS thresholds resulted 
in slightly lower proportions with moderate and severe 
health impairment (supplementary table 8). Analyses 
restricted to complete cases or including data after 
reinfection resulted in slightly higher estimates of 
non-recovery (supplementary figure 2, supplementary 
table 7).

In descriptive trajectory analyses, most participants 
(68.4% (95% confidence interval 63.8% to 72.6%)) 
reported continued recovery over time (fig 2B). 13.5% 
(10.6% to 17.2%) improved or recovered by 24 months, 
5.2% (3.5% to 7.7%) worsened, and 4.4% (2.9% to 

Excluded
Current or prior infection*
Did not complete questionnaire

66
3

No response

69

Individuals from general population contacted via mail
2974

Individuals from general population providing consent for study participation

2277

697

Study participants included in analysis
628

Fig 5 | study enrolment into phase 4 corona immunitas Zurich seroprevalence study 
(uninfected comparator group). *Prior or current infection in the corona immunitas 
study was defined as: self-reported positive sars-cov-2 Pcr or rapid antigen test, 
positive anti-spike igg or iga antibodies with no history of vaccination, or positive anti-
nucleocapsid igg antibodies on enrolment 
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6.7%) reported stable levels of health impairment. 
Meanwhile, 8.5% (6.2% to 11.6%) experienced 
alternating courses of recovery and health impairment 
(supplementary table 9 for sensitivity analyses of 
alternative methods to handle missing data). Compared 
to participants with worsened or unchanged health 
status, a higher proportion of those who improved 
were younger than 65 years (55.6% v 40.1%) and a 
lower proportion had post-exertional malaise (27.3% v 
40.6%) at six months (supplementary table 10).

symptom trajectories up to 24 months
The point prevalence of overall symptoms remained 
about the same at the follow-up time points (51.7% 
(48.7% to 54.7%) at six months and 51.0% (46.3% 
to 55.6%) at 24 months; supplementary table 7). 
Meanwhile, the prevalence of symptoms considered to 
be related to covid-19 decreased from 28.9% (26.3% 
to 31.8%) at six months to 20.3% (17.9% to 23.0%) 
and 18.1% (14.8% to 21.9%) at 12 and 24 months, 
respectively (fig 2C, supplementary table 7). Although 

table 1 | characteristics of individuals with sars-cov-2 infection enrolled in the Zurich sars-cov-2 cohort study and 
individuals with no infection from the corona immunitas Zurich seroprevalence study (comparator group)

sars-cov-2 infection* (n=1106) no sars-cov-2 infection† (n=628)
Age, years, median (IQR) 50.0 (35.0-66.0) 65.0 (45.0-72.0)
Age group, years:
 18-39 344 (31.1) 128 (20.4)
 40-64 449 (40.6) 174 (27.7)
 ≥65 313 (28.3) 326 (51.9)
Female sex 566 (51.2) 322 (51.3)
Initial symptom self-reported severity:
 Asymptomatic 148 (13.5) —
 Mild to moderate 721 (66.0) —
 Severe to very severe 224 (20.5) —
Missing 13 —
Initial symptom count, median (IQR): 5.0 (3.0- 8.0) —
 Hospitalisation and ICU stay: —
 Non-hospitalised 1051 (95.6) —
 Hospitalised without ICU stay 44 (4.0) —
 Hospitalised with ICU stay 4 (0.4) —
 Intubation during ICU stay 1 (25) —
 Missing 7 —
Smoking status:
 Non-smoker 656 (60.1) 336 (53.6)
 Ex-smoker 288 (26.4) 208 (33.2)
 Smoker 148 (13.6) 83 (13.2)
 Missing 14 1
Body mass index, median (IQR) 24.2 (21.9-26.6) 24.2 (21.9-26.9)
At least one comorbidity: 324 (29.5) 225 (35.8)
 Missing 9 0
 Hypertension 165 (15.1) 155 (24.7)
 Diabetes mellitus 30 (2.8) 31 (4.9)
 Cardiovascular disease 63 (5.9) 52 (8.3)
 Respiratory disease 93 (8.7) 38 (6.1)
 Chronic kidney disease 9 (0.8) 3 (0.5)
 Malignancy 62 (5.8) 21 (3.3)
 Immune suppression 32 (3.0) 26 (4.2)
Monthly household income:
 <6000 CHF 356 (34.2) 219 (38.1)
 6000-12 000 CHF 458 (44.0) 234 (40.8)
 >12 000 CHF 227 (21.8) 121 (21.1)
Missing 65 55
Current employment status:
 Employed 720 (65.9) 255 (40.7)
 Student 53 (4.9) 25 (4.1)
 Retired 274 (25.1) 322 (51.4)
 Unemployed or other 45 (4.1) 24 (3.8)
 Missing 14 2
Highest education level reached:
 None or mandatory school 45 (4.1) 32 (5.1)
 Vocational training or specialised baccalaureate 459 (42.1) 281 (45.0)
 Higher technical school or college 289 (26.5) 159 (25.5)
 University 296 (27.2) 152 (24.4)
 Missing 17 4
Swiss nationality 943 (85.3) 530 (84.4)
Values are number of individuals (percentage), unless otherwise specified. IQR=interquartile range; ICU=intensive care unit; CHF=Swiss francs.
*Zurich SARS-CoV-2 Cohort.
†Corona Immunitas Zurich cohort.
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most (89.2%) participants reporting covid-19 related 
symptoms also reported non-recovery at 24 months, 
5.8% of those with covid-19 related symptoms stated 
that they had fully recovered. Fatigue, post-exertional 
malaise , altered taste or smell, dyspnoea, and reduced 
concentration or memory were the most prevalent 
symptoms at all time points (fig 3). Sensitivity analyses 
showed similar patterns (supplementary table 11). 
Self-reported symptom severity for most symptoms 
decreased or remained unchanged (fig 3).

In descriptive trajectory analyses, symptoms were 
continuously present at all time points in 8.9% (6.5% 
to 11.2%) of participants and 12.5% (9.8% to 15.9%) 
experienced alternating courses (fig 2D, supplementary 
table 12 for sensitivity analyses). Compared with 
people who did not have symptoms at all time points or 
those who improved by 24 months, a higher proportion 
of participants who worsened or reported symptoms at 
all time points were 65 years or older (45.7% v 34.1% 
and 36.0%), had comorbidities (58.8% v 27.5% and 
36.0%), and had pre-existing fatigue (FAS; 47.3% v 
24.5% and 38.4%), dyspnoea (mMRC scale; 35.2% 

v 11.9% and 26.6%), and problems on EQ-5D-5L 
(63.6% v 33.1% and 45.0%). Furthermore, a higher 
proportion had reported post-exertional malaise at six 
months (39.1% v 27.5% among those who improved) 
(supplementary table 13).

scale-based outcomes up to 24 months
In a descriptive longitudinal assessment of scale-based 
outcomes among all infected individuals, there was an 
increase in the proportion of participants reporting 
adverse health outcomes shortly after infection 
(fig 4A and fig 4C). By one month, the proportion 
of participants with adverse outcomes started to 
decrease, and by 24 months, it was similar to baseline 
levels before infection: 36.8% (32.4% to 41.5%) 
with fatigue on FAS, 23.4% (19.6% to 27.7%) with 
dyspnoea grade ≥1 on the mMRC scale, 12.5% (9.8% to 
15.9%) with depression, 11.7% (9.1% to 15.0%) with 
anxiety, and 7.0% (5.1% to 9.6%) with stress on DASS-
21, and 38.8% (34.4% to 43.4%) with any problem 
on EQ-5D-5L. Among people who reported that they 
had not recovered at six months, a higher proportion 

Taste or smell alterations

Post-exertional malaise

Concentration difficulties

Dyspnoea or shortness of breath

Memory problems

Fatigue

Heart palpitations

Vertigo or dizziness

Hair loss

Sleep disturbances

Chest pain

Swallowing difficulties

Cough

Gastrointestinal disturbances

Tremors

Visual disturbances

Tingling sensation of extremities

Myalgia

Hearing problems

Skin rash

Headache

Arthralgia

Fever

Participants with no infection
(Corona Immunitas)

-5 5 100 15

Adjusted risk
difference (%)

0 10 155 20

Proportion (%)

Participants with infection
(Zurich SARS-CoV-2 Cohort)

Fig 6 | Observed proportions and excess risk (adjusted absolute risk differences) of each of the symptoms at six months after infection in the infected 
group (n=1106; Zurich sars-cov-2 cohort) compared with individuals who did not have an infection from the general population (n=628; corona 
immunitas Zurich). adjusted risk differences were estimated based on inverse probability weighted generalised linear models, adjusted for age, sex, 
body mass index, smoking status, education level, monthly income, and presence of hypertension, diabetes mellitus, cardiovascular, respiratory, or 
chronic renal disease, current or past malignancy, and immune suppression



RESEARCH

10 doi: 10.1136/bmj-2022-074425 | BMJ 2023;381:e074425 | the bmj

of participants reported adverse health outcomes at 
baseline compared with the overall population of 
infected individuals (fig 4B and fig 4D). Additionally, 
the proportion of people reporting adverse health 
outcomes over time more slowly decreased, with all 
outcomes reported by a considerable proportion of 
participants at 24 months: 50.5% fatigue (FAS)); 
43.5% dyspnoea grade ≥1 (mMRC scale)); 27.6% with 
depression, 28.9% with anxiety, and 16.2% with stress 
(DASS-21); and 64.8% with issues with health related 
quality of life (EQ-5D-5L). Results were consistent 
across sensitivity analyses (supplementary tables 14-
15).

comparison of outcomes at six months to an 
uninfected population
We compared symptom point prevalence and adverse 
health outcomes among Zurich SARS-CoV-2 Cohort 
participants at six months after infection to uninfected 
individuals enrolled in Corona Immunitas. Of 2974 
individuals invited to Corona Immunitas, 697 (23.4%) 
participated (fig 5). The age and sex distributions 
of participants and people who did not agree to take 
part were similar (supplementary table 16). Of these 
697 participants, 69 (9.9%) were excluded from the 
analysis due to previous infection and 628 (90.1%) 
were included. Participants enrolled in Corona 
Immunitas were on average older than those in Zurich 
SARS-CoV-2 Cohort (65 years v 50 years; table 1).

There was strong evidence that the prevalence of 
any symptom at six months was higher among infected 
individuals (adjusted absolute risk difference 17.0% 
(95% confidence interval 11.5% to 22.4%)). Excess 
risks for individuals infected compared with those 
who were not were highest for altered taste or smell 
(9.8% (7.7% to 11.8%)), post-exertional malaise 
(9.4% (6.1% to 12.7%)), reduced concentration (8.3% 
(6.0% to 10.7%)) or memory (5.7% (3.5% to 7.9%)), 
dyspnoea (7.8% (5.2% to 10.4%)), and fatigue (5.4% 
(1.2% to 9.5%) (fig 6, supplementary table 17 for odds 
ratios). For adverse health outcomes based on scales 
(supplementary figure 3, supplementary table 17), 
there was strong evidence that a higher proportion of 
infected individuals had symptoms of anxiety (based 
on DASS-21; 4.1% (0.5% to 7.6%)) at six months 
compared with individuals who did not have an 
infection. There was no evidence for a difference in 
the proportions of participants reporting symptoms 
of depression or stress or any of the remaining 
adverse health outcomes (supplementary figure 3, 
supplementary table 17).

discussion
In this prospective, population based cohort, 
we assessed longer term recovery and symptom 
trajectories up to 24 months after infection among 
individuals who had infections with wildtype SARS-
CoV-2 and who were not vaccinated before infection. 
Approximately 17% of participants did not return 
to their normal health status and 18% reported 
covid-19 related symptoms by 24 months. We found 

that individuals who had a SARS-CoV-2 infection 
had different trajectories over time. Although most 
participants improved over the study period, some had 
worsening or alternating courses of health impairment 
and recovery. Although not all adverse outcomes were 
necessarily attributed to covid-19, our findings imply 
that a sizable number of people might be affected by 
post-covid-19 condition and have protracted health 
issues for many months after infection.

Main findings in context
Other studies on longer term outcomes after SARS-
CoV-2 reported a wide range of estimates (22-75% 
at 12-24 months), probably due to heterogeneity 
in study populations, designs, definitions, and 
assessments.1-7  10 45 Our findings seem to be within 
the lower bound of what has been previously 
reported for similar follow-up durations. Although 
higher estimates in other studies could be related 
to the inclusion of hospitalised or other selective 
populations, a contributing factor could be that some 
assessments did not consider the extent to which the 
outcomes were attributed to covid-19 and what their 
impact was on individuals’ daily lives. In our study, 
we found that half of participants reported at least one 
symptom up to 24 months after infection. However, 
symptom prevalence was relevantly lower (18%) 
when restricting to symptoms that participants felt 
were related to covid-19. The comparative analysis 
leveraging data from an uninfected sample from the 
general population provided further evidence that 
overall symptom prevalence attributable to SARS-
CoV-2 was up to 17%. The estimated excess risks of 
individual symptoms were relatively consistent with the 
proportions of symptoms self-reported by participants 
to be related to covid-19. Yet, for several symptoms, 
we found insufficient evidence that their prevalence 
among individuals who had an infection was higher 
than the comparator individuals. Furthermore, 6% of 
participants with symptoms at 24 months nevertheless 
reported full recovery, implying that the symptoms 
might have had only minimal impact on their daily 
lives. Overall, findings from this study suggest that, 
depending on the exact definition used, the reported 
estimates for post-covid-19 condition based on 
symptoms alone might be overestimated in studies 
conducted within similar timeframes.

The evaluation of the course of health outcomes over 
time showed two main findings. First, several distinct 
symptom and recovery trajectories might have occurred 
with some dissimilarities in the characteristics of 
people who had these different trajectories. Second, 
the prevalence of people who did not recover and had 
symptoms decreased mostly between six months and 
12 months, followed by a less pronounced decrease 
after 12 months. This slow recovery has been observed 
in other studies20 23 46 and could indicate progression 
into chronic health problems. Nevertheless, the 
rates of recovery and the overall improvement in the 
severity of participants’ health impairment over time 
might also provide some hope for affected individuals. 
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Identification of subgroups at the greatest risks of long 
term health impairments and acquirement of a deeper 
understanding of the underlying mechanisms will be 
necessary for developing interventions targeting post-
covid-19 condition.

In this cohort, we used standardised assessment 
scales in addition to health status and self-reported 
symptoms, allowing to further contextualise our 
findings. The use of such measures increases 
comparability across studies and ensures that 
additional aspects relevant to patients, such as health-
related quality of life and mental health, are also 
included. The trajectories of scale based outcomes 
support the observation of an overall improvement 
in self-reported health and symptoms in individuals 
who have had an infection. The higher proportion of 
adverse health outcomes among individuals who had 
not recovered that was already pre-existing before 
infection highlights the need to identify individuals 
who might be at a higher risk of developing post-
covid-19 condition and likely to benefit most from 
prevention and treatment. Our finding of about a 4% 
excess risk of experiencing symptoms of anxiety among 
people who had a SARS-CoV-2 infection adds to the 
existing evidence of a relevant mental health burden 
of post-covid-19 condition.47 48 However, these scale 
based assessments have not been validated for post-
covid-19 condition. Further investigation of whether 
other instruments are more sensitive or specific, in 
addition to the development of scales specific for post-
covid-19 condition, are warranted.

Altogether, our findings underscore the complexity 
in estimating the prevalence and trajectories of post-
covid-19 condition and emphasise the importance 
of assessing multiple outcomes, using standardised 
scales, and including self-reported measures of recovery 
to ensure a comprehensive, person centred perspective.

implications for trial design and outcome selection
Several trials assessing potential interventions for post-
covid-19 condition are underway.49 50 Evidence from 
this study and others can help to effectively design such 
trials. Our findings provide important information on 
subgroups of individuals who are at greater risk of long 
term health issues. These data might help in defining 
study populations in trials to ensure that individuals 
who are most likely to benefit from the intervention are 
included. Additionally, estimated rates of spontaneous 
recovery could be used to calculate necessary sample 
sizes to detect an improvement in outcomes. Findings 
from prospective cohorts can also help to determine 
the most relevant outcome measures to assess post-
covid-19 condition in clinical trials. Due to limited 
knowledge and emerging evidence, defining outcomes 
in this context has been challenging and led to 
substantial heterogeneity across studies. In 2022, a core 
outcome set for assessing post-covid-19 condition was 
suggested26 and outcome measures used in this study 
are consistent with these recommendations. Meanwhile, 
our findings also emphasise the importance of using 
a patient reported standardised measure of health 

status as a complementary outcome to capture the 
multidimensional impact of post-covid-19 condition. 
Use of such measures might also help to determine 
the overall benefit to harm balance of an intervention, 
especially in the presence of small effect sizes. Finally, 
evidence on the different symptoms experienced by 
individuals affected by post-covid-19 condition might 
help researchers to ensure that these are accurately 
and consistently captured in both arms of clinical trials 
at baseline and prospectively. This thoroughness will 
ensure that potential adverse effects of the interventions 
are appropriately investigated in the context of the 
underlying risk due to post-covid-19 condition.

strengths and limitations
The strengths of our study include the population 
based approach, the large number of participants, 
and its prospective design with regular assessments 
of a broad range of health outcomes. However, several 
limitations also need to be considered. Firstly, we 
relied on the relative health status of participants to 
evaluate persistent health impairments. The relation 
of symptoms to covid-19 was also determined on 
the basis of participants’ self-reporting. No clinical 
validation of self-reported measures was conducted; 
therefore, we cannot fully exclude information bias 
through symptoms or health status changes that might 
have reflected the presence or worsening of other 
conditions. Although we believe that standardised 
patient reported measures reflect affected individuals’ 
experiences, future work should consider incorporating 
objective assessments and examining their correlation 
with self-reported measures. Secondly, we used a 
predefined list of symptoms to assess those related to 
post-covid-19 condition. Although they were informed 
by what was most commonly reported by participants 
and in the medical literature, this list might represent 
only part of the experienced symptoms.51 52 Although 
we attempted to assess the different symptom patterns 
over time and observed alternating courses in some 
individuals, our study was not designed to fully capture 
the relapsing and remitting nature of symptoms shown 
by others.20  53 Thirdly, participants from the Zurich 
SARS-CoV-2 Cohort enrolled when wildtype SARS-
CoV-2 was the predominant circulating strain and 
before vaccination. Further research is needed to assess 
whether similar courses are noted after vaccination54 55 
or infection with other variants.56 57 Fourth, selection 
might have occurred in the Zurich SARS-CoV-2 Cohort if 
individuals who were more concerned with their health 
were more motivated to participate, or if individuals 
with post-covid-19 condition were more likely to be 
retained. This bias may have led to an overestimation 
of the prevalence of post-covid-19 condition. However, 
we at least partially accounted for differential loss to 
follow-up by applying inverse probability of censoring 
weighting. Furthermore, the proportions of individuals 
who were admitted to hospital and were 65 years or 
older were lower among individuals participating in 
our study compared to people who did not participate, 
which might have led to an underestimation of the 
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prevalence of post-covid-19 condition. Overall, the 
direction of any potential selection bias is difficult 
to estimate. Nevertheless, the population based 
approach, high retention, and similar findings across 
sensitivity analyses strengthen the credibility of our 
estimates. Meanwhile, because only a small proportion 
of the participants were admitted to hospital for 
covid-19, our findings might not be generalisable 
to those with most severe acute disease. Similarly, 
self-selection could have occurred in the uninfected 
group. However, the age and sex distributions of 
participants and people who did not participate were 
similar; although, systematic differences relating to 
unassessed sociodemographic factors could have 
occurred. Furthermore, the assessment of post-
covid-19 condition was not a primary objective in the 
Corona Immunitas seroprevalence study. Thus, we 
consider the potential impact of any selection effects 
on our estimates to be minimal. Lastly, we pooled data 
from two separate cohorts to estimate excess risks of 
outcomes related to post-covid-19 condition. Despite 
the close alignment of the cohorts and use of inverse 
probability weighting, residual confounding is possible 
in relation to differences in further socioeconomic or 
health related factors between the study and control 
groups, which we could not fully adjust for in our 
analysis.

conclusion
This population based study showed that despite 
a decrease in the severity of symptoms and health 
impairment over time, up to 18% of individuals infected 
with SARS-CoV-2 were affected by post covid-19 
condition 24 months after infection. Evidence suggests 
an excess symptom risk in comparison to individuals 
who did not have an infection. Persisting health issues 
create significant challenges for affected individuals 
and pose an important burden on population health 
and healthcare services. This underscores the value 
of infection prevention and emphasises the need for 
clinical trials to establish effective interventions for 
post-covid-19 condition. Furthermore, our findings 
show the importance of using multiple outcome 
measures and of considering the expected rates of 
recovery and heterogenous symptom trajectories in the 
design and interpretation of future trials.
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