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Objectives: The SARS-CoV-2 Omicron variant has spread rapidly and has been the dominant variant since
2022. The course of acute infection, in a vaccinated population, with Omicron is milder compared with
earlier variants. However, little is known about how the occurrence of long-term symptoms after Omicron
infection compared with other variants is modulated by previous infections and/or vaccinations.

Methods: Participants of the DigiHero study provided information about their SARS-CoV-2 infections,

Keywords: vaccinations, and symptoms 12 or more weeks after infection (post-COVID-19 condition - PCC).
SARS-CoV-2 Results: Participants infected with wildtype SARS-CoV-2 had the highest PCC risk (adjusted odds ratio
COVID-19 . [aOR] 6.44, 95% confidence interval (CI): 5.49; 7.56), followed by participants infected with Alpha and
SARS-CoV-2 variants Delta compared with the reference group (individuals infected with Omicron having received three or
Vaccination c . . . . . . .
more vaccinations). Among those infected with a specific variant, the number of preceding vaccinations
was not associated with a risk reduction for PCC, whereas previous infection was strongly associated with
a lower PCC risk (aOR 0.14, 95% CI 0.07; 0.25).
Conclusions: While infection with Omicron is less likely to result in PCC compared with previous variants,
lack of protection by vaccination suggests a substantial challenge for the healthcare system during the
early endemic period. In the midterm, the protective effects of previous infections can reduce the burden
of PCC.
© 2023 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/)
Introduction prevention measures, it is still unclear how the long-term effects

of COVID-19 will affect the healthcare system.

As of July 2023, more than 750 million confirmed cases of
SARS-CoV-2 have been reported worldwide. The Omicron variant,
first identified in 2021, spread rapidly across the world and soon
became the dominant variant [1]. While the incidence of SARS-
CoV-2 has decreased and most countries have lifted transmission
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Post-COVID-19 condition (PCC), commonly referred to as Long
COVID, is defined as persisting symptoms 3 or more months af-
ter the initial SARS-CoV-2 infection that cannot be explained by an
alternative diagnosis [2]. Several studies have revealed that long-
term physical and mental sequelae of COVID-19 can affect any-
one infected with SARS-CoV-2, regardless of age and the severity
of symptoms during acute infection [3,4]. Estimates of the risk of
developing PCC vary greatly. While an early review reported that
around 80% of patients with COVID-19, resulting from Wildtype
SARS-CoV-2 developed one or more long-term symptoms [5], more
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recent findings suggest that around 10-30% of non-hospitalized
cases develop PCC [6]. There is a wide range of clinical symptoms
associated with PCC, with more than 60 physical and mental se-
quelae. The symptoms reported most often were fatigue, shortness
of breath, muscle, joint and chest pain, headache, cough, loss of
taste and/or smell, and diarrhea [5,7,8]. Additionally, several risk
factors for PCC have been identified, including female sex, smok-
ing, obesity, and other comorbidities [9].

Several primary studies have assessed the risk of PCC after in-
fection with the Omicron variant, compared with previous variants
[10-16]. Additionally, two systematic reviews have investigated the
risk of PCC caused by different variants [17,18]. However, no study
has assessed the effect of preceding infections on the risk of de-
veloping PCC in relation to the different virus variants.

Taking advantage of a large study in Germany, we compared
the risk of developing PCC after infection with Wildtype, Alpha,
Delta, and Omicron SARS-CoV-2, depending on previous vaccina-
tions and/or infections. We also determined whether the time
since previous vaccinations and/or infections plays a role. Further-
more, we evaluated the symptom severity and assessed the differ-
ences in the symptoms of PCC among the variants.

Methods
Study design

We used data from the population-based prospective cohort
study for digital health research in Germany (DigiHero, DRKS
Registration-ID: DRKS00025600). DigiHero is a general platform
for health research and was initiated in the city of Halle (Saxony-
Anhalt, Germany) in January 2021. In December 2021, it was ex-
tended to the federal state of Saxony-Anhalt and subsequently
to seven other federal states in Germany. Participants were in-
vited through regular mail using postal addresses from population
registries; subsequent study participation was digital. After on-
line registration, we asked participants questions regarding socio-
demographic characteristics and some introductory questions on
health-related topics. In the baseline questionnaire, we asked par-
ticipants whether they had had a positive test/an infection with
SARS-CoV-2. Those who reported an infection or infections were
invited to complete a detailed questionnaire on symptoms after
their infection(s) and about their vaccination history. Recruitment
for the DigiHero cohort, as well as the detailed questionnaires on
symptoms after infection, proceeded in multiple waves. However,
we also updated information among participants who did not re-
port any infections in the baseline questionnaire by repeatedly
asking them if new infections occurred. Finally, in July 2022, we
asked all participants whether they had had any infections since
the last time they had been contacted. This questionnaire included
the same detailed questions about symptoms after the infection
as the earlier questionnaires. The final dataset includes all partic-
ipants for whom information on whether they had a SARS-CoV-2
infection until June 15, 2022 was available (Figure S1).

The Ethics Committee of the Martin Luther University Halle-
Wittenberg (2020-076) approved the study. All participants pro-
vided informed consent.

Questionnaires and measures

In the baseline questionnaire, we asked participants about their
month of birth, sex, education, and country of birth. We catego-
rized education based on the International Standard Classification
of Education (ISCED-97) into three categories: low, medium, and
high [19].
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Assessment of SARS-CoV-2 infections and symptoms after infection
We classified participants as having had an infection if they re-
ported a positive polymerase chain reaction (PCR) test, more than
one positive rapid test result, or a positive rapid test result and
symptoms. If a PCR confirmation test was negative, then we clas-
sified participants as false positives. We considered the date of the
first positive test as the beginning of the infection. We considered
each infection to be a separate event, when they were at least 90
days apart [20,21]. In the detailed questionnaire, we asked partic-
ipants to rate their overall perceived course of the acute infection
on a scale including “No Symptoms”, “Mild”, “Moderate, “Severe”,
and “Very Severe”. We combined the last two categories (“Se-
vere/Very Severe”). Additionally, we asked participants about their
symptoms during acute infection, 4-12 weeks after infection, and
>12 weeks after infection. When participants reported the pres-
ence of any symptoms, we asked them to rate the severity of 24
different symptoms frequently reported in the literature as linked
to COVID-19 (Table S1) on a 6-point Likert scale from “not at all”
to “very severe” and an additional option “I don’t know”. We inter-
preted “I don’t know” as the absence of a specific symptom. The
other answers were used to calculate a mean symptom score.

Assessment of post-COVID-19 condition

We defined PCC based on the presence of any symptom in the
time window >12 weeks after infection. In the analyses, we con-
sidered only the first occurrence of PCC (i.e., we censored further
data of participants who developed PCC symptoms after their first
infection).

Assessment of vaccinations

Participants were asked if and when they had been vaccinated
against SARS-CoV-2. While participants could have been vaccinated
before and after infection, we considered only vaccinations prior
to an infection, which we assessed for the occurrence of PCC. The
number of vaccinations an individual received preceding their in-
fection was used for this analysis.

Classification of SARS-CoV-2 variants

We classified the SARS-CoV-2 variants based on the reported
infection date, using information on the dominant variants during
specific periods [22]. We categorized infections before January 1,
2021 as caused by the Wildtype variant, infections between Jan-
uary 1, 2021 and June 30, 2021 as caused by the Alpha variant, in-
fections between July 1, 2021 and December 20, 2021 as caused by
the Delta variant, and infections from December 21, 2021 as caused
by the Omicron variant. We performed a sensitivity analysis that
excluded transition periods when the dominant variant changed.
We defined the transition periods as the interval 1 month before
and after the above-mentioned dates.

Statistical analysis

We report frequencies and percentages for descriptive analyses
of the study population and the relationship between virus vari-
ants, preceding vaccinations and/or infections, and PCC. For multi-
variable analyses, we used logistic regression with generalized es-
timating equations with an exchangeable working correlation ma-
trix. These models allow the inclusion of multiple infections per
individual while accounting for potential correlation in individual
risk of PCC. Our main variables of interest were the virus variant
responsible for the studied infection and the number of preceding
infections and/or vaccinations. For adjustment, we used sex, age,
country of birth (Germany vs other), living in a city, federal state,
education, and perceived severity of the acute infection. In the ini-
tial analysis, we stratified the data by all available combinations
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Table 1
Characteristics of all (infected) participants and participants with PCC.
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Overall
N = 48,826

pPCce
N = 2822

Participants with at least
one infection
N = 17,008

Male

Female

Diverse

Not specified

NA

18-29

30-39

40-49

50-59

60-69

70+

NA

Yes

No

Not specified/Unknown
NA

Saxony-Anhalt
Baden-Wiirttemberg
Bavaria

Berlin

Brandenburg
Hamburg
Rhineland-Palatinate
Saxony

Other

NA

No

Sex

Age

Born in Germany

Federal State

Living in a city with 500.000
inhabitants

Yes

NA

low
medium
high

NA
Vaccinations preceding the 0

given infection

Education level

AW N =

Variant of SARS-CoV-2° Wildtype

Alpha

Delta

Omicron

NA

No Symptoms
Mild

Moderate
Severe/Very Severe
NA

Course of acute infection®

20498 (42.0%)
28086 (57.5%)

6053 (35.6%)
10898 (64.1%)

734 (18.8%)
2081 (28.1%)

64 (0.1%) 11 (0.1%) 1 (33.3%)
21 (0.0%) 4 (0.0%) 1(33.3%)
157 (0.3%) 42 (0.2%) 5 (17.9%)
6116 (12.5%) 2290 (13.5%) 302 (21.1%)
8473 (17.4%) 3570 (21.0%) 466 (19.0%)
8174 (16.7%) 3423 (20.1%) 587 (25.2%)
10717 (21.9%) 3809 (22.4%) 768 (29.9%)
9264 (19.0%) 2404 (14.1%) 381 (26.1%)

5048 (10.3%)
1034 (2.1%)
46926 (96.1%)

822 (4.8%)
690 (4.1%)
16487 (96.9%)

95 (21.2%)
223 (34.7%)
2747 (25.0%)

1772 (3.6%) 495 (2.9%) 73 (23.2%)
86 (0.2%) 19 (0.1%) 1(6.7%)

42 (0.1%) 7 (0.0%) 1 (20.0%)
19107 (39.1%) 6505 (38.2%) 1130 (24.5%)
910 (1.9%) 365 (2.1%) 36 (23.5%)

5964 (12.2%)
846 (1.7%)
3350 (6.9%)
957 (2.0%)
5043 (10.3%)
11744 (24.1%)
141 (0.3%)
764 (1.6%)
41842 (85.7%)

6220 (12.7%)
764 (1.6%)
2054 (4.2%)
14421 (29.5%)
29452 (60.3%)
2899 (5.9%)

2353 (13.8%) 276 (18.1%)

284 (1.7%) 40 (26.7%)
978 (5.8%) 192 (26.5%)
359 (2.1%) 27 (19.1%)

1248 (7.3%)
4575 (26.8%)
68 (0.4%)

273 (1.6%)
14343 (84.3%)

198 (23.9%)
869 (29.2%)
9 (27.3%)

46 (24.3%)
2,524 (25.4%)

2392 (14.1%)
273 (1.6%)
774 (4.6%)
5114 (30.1%)
10246 (60.2%)
874 (5.1%)
5049 (29.7%)

252 (21.1%)
46 (24.3%)
97 (19.8%)
1022 (28.5%)
1531 (23.0%)
172 (29.0%)
1594 (39.4%)

622 (3.7%)
2586 (15.2%)
8664 (50.9%)

126 (26.2%)
465 (22.4%)
635 (13.5%)

87 (0.5%) 2 (7.4%)
1301 (7.6%) 676 (52.0%)
1533 (9.0%) 729 (47.6%)
2015 (11.8%) 524 (26.9%)
11560 (68.0%) 893 (13.6%)
599 (3.5%)

844 (5.0%) 36 (6.0%)

8945 (52.6%)
6059 (35.6%)
921 (5.4%)
239 (1.4%)

876 (15.0%)
1420 (34.8%)
486 (65.1%)
4 (8.3%)

NA, not available; PCC, post-COVID-19 condition.

2 Among 11,333 participants with infection 12 or more weeks before filling the questionnaire on symptoms after infection, row percentages in relation to the number of

participants in the given category;
b Based on time of infection and periods of dominance of specific variants;
¢ Self-assessed.

of the virus variant, the number of vaccinations, and the preced-
ing infection. In additional analysis, we report the results for the
variant individually when adjusting for the vaccination status.

In addition, we compared symptom severity among those with
PCC, to assess whether the severity of PCC differed by variant. We
repeated the analysis of the association between the virus vari-
ant, and the number of vaccinations and/or infections preceding
the relevant infection and PCC by using a more conservative defi-
nition of PCC (at least one moderate symptom in the time window
12 or more weeks after infection).

We also analyzed how the risk reduction was associated with
preceding infection or vaccination depended on time. For this anal-
ysis, we used generalized additive models (GAM) with locally es-
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timated scatterplot smoothing (LOESS) for the time since the last
vaccination and the time since the last infection, respectively. In
the analysis of the time since the last vaccination, all considered
participants had been vaccinated. We adjusted the model for the
variables used in the generalized estimating equation model. To
avoid instability of the GAM results in the area of sparse data, we
excluded the longest 5% of observations for time since last vacci-
nation.

Furthermore, we assessed the reported symptom severity for all
variants in a descriptive analysis.

We report 95% confidence intervals (CIs) for all analyses. All
analyses were performed in R (Version 4.2.0) [23], with the pack-
ages gam [24] and geepack [25].
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Figure 1. Daily Incidence per 100,000 people in the DigiHero Cohort from January 01, 2020 to June 15, 2022 by time. The red line indicates the reported national Incidence

per 100,000 people in Germany [26].

Results
Characteristics of the participants

Overall, 48,826 individuals completed the baseline question-
naire until June 15, 2022. We classified 286 (0.6%) participants as
false positive, leaving 17,008 (34.8%) participants who had had at
least one SARS-CoV-2 infection. The majority of the participants
were female (57.5%), born in Germany (96.1%) and had a high
education status (60.3%). Women reported infections more often
than men. Apart from that, there were no larger differences in the
characteristics of infected compared to non-infected participants
(Table 1).

Approximately 70% of infected participants had been vaccinated
at the time of respective infection, and around 50% had been vac-
cinated three times. The proportion of vaccinated participants var-
ied depending on the dominant variant, 0% for Wildtype, 10% for
Alpha, 67% for Delta, and 89% for Omicron. The majority (68.0%)
of infections occurred during Omicron dominance. Of the partici-
pants, 1350 (8.1%) reported more than one infection. However, 194
infections occurred within 90 days after their first infection and,
therefore, we did not classify them as reinfections, leaving 1156
individuals with more than one infection. There were 419 rein-
fections in individuals who developed PCC after their first infec-
tion (in the subsequent analysis, reinfections are only considered
in participants who did not develop PCC after their first infection).
Only approximately 1% of infected participants were admitted to
the hospital during acute infection.

Risk of post-COVID-19 condition

The incidence of SARS-CoV-2 was slightly higher in the Digi-
Hero cohort than in the overall German population, but it gen-
erally followed the same trends over the course of the COVID-19
pandemic (Figure 1). We excluded 5755 (33.8%) of the infected
individuals from further analysis, because the difference between
the infection date and completing the questionnaire on symptoms
was less than 12 weeks, and thus we could not classify them with
respect to PCC. The median time between the infection date and
completing the questionnaire on symptoms was 21 weeks (maxi-
mum = 131 weeks, mean = 33 weeks) among those considered for
the analysis. Moreover, 75% completed the questionnaire between
12 and 43 weeks after infection. In total, 2822 individuals reported
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symptoms for the period 12 weeks after their infection, including
144 (5.1%) who did not report symptoms for the period 4-12 weeks
after infection.

In unadjusted analyses, the proportion of participants reporting
PCC symptoms was highest for those infected with Wildtype SARS-
CoV-2, similar for Alpha, substantially lower for Delta, and lowest
for Omicron (Table 2). Previous vaccinations played a minimal role,
and previous infections (in individuals who did not develop PCC
after their first infection) were associated with a much lower risk
of PCC.

The adjusted results were similar (Figure 2 and Table S2). We
observed the highest risk of PCC for unvaccinated participants
infected with Wildtype SARS-CoV-2 (adjusted Odds Ratio [aOR]:
6.44, 95% CI 5.49; 7.56), followed by unvaccinated and vaccinated
participants infected with the Alpha variant (aOR 5.97, 95% CI 4.00;
8.90 and aOR 5.08, 95% CI 4.28; 6.02) compared with participants
infected with the Omicron variant and adjusted for sociodemo-
graphic information. Vaccination offered no meaningful protection
against developing PCC in case of an infection. In contrast, there
was a strong evidence that a previous infection reduced the risk
of PCC (aOR 0.14, 95% CI 0.07; 0.25). The results of the sensitiv-
ity analysis, excluding periods in which variants overlapped, and
the results of the analysis based only on the first infection of par-
ticipants showed similar associations as the model presented in
Figure 2 (Tables S3 and S4). The analysis using a more restrictive
criterion of PCC resulted in very similar relative estimates, while
the percentage of those classified as PCC was substantially lower
(Table S5).

Among those who developed PCC, symptom severity was sim-
ilar for all variants and did not differ by vaccination status or if
participants had had a previous infection (Table S6).

When assessing the association between time since the last
vaccination and the risk of PCC, there was an indication that risk
increased with time since the last vaccination increased for the Al-
pha variant, whereas this association did not exist for the Delta
or Omicron variant. Similarly, time since the last infection was not
associated with the risk of PCC (Figure S2).

Post-COVID-19 condition symptoms by virus variant
The PCC symptom reported most often was fatigue (76.1%), fol-

lowed by shortness of breath (59.6%), and cognitive impairment
(59.4%). After Omicron infection, participants with PCC were less



S. Diexer, B. Klee, C. Gottschick et al.

International Journal of Infectious Diseases 136 (2023) 14-21

Table 2
Proportion of Post COVID-19 condition (PCC).depending on previous infections and vaccinations
Number of Infected PCC
Variant Previous Infection vaccinations
N % 95% CI
Wildtype No 0 1425 51.79 49.20; 54.38
Alpha No 0 1269 47.20 44.46; 49.95
1-2 140 42.14 33.96; 50.32
Yes 0 7 0.00 0.00; 0.00
1-2 1 0.00 0.00; 0.00
Delta No 0 647 26.13 22.73; 29.54
1-2 1245 27.12 24.61; 29.63
3+ 122 23.01 15.25; 30.77
Yes 0 23 0.00 0.00; 0.00
1-2 22 4.55 0.00; 13.25
Omicron No 0 1093 11.36 9.03; 13.69
1-2 1780 16.76 14.65; 18.87
3+ 8518 13.17 12.20; 14.15
Yes 0 235 0.43 0.00; 1.29
1-2 419 1.94 0. 61; 3.27
3+ 262 1.56 0.04; 3.08
Omicron 3+ Ref.
Omicron 1-2 re-t 1.29 (1.07 - 1.57)
(2]
: . .
w© Omicron unvaccinated v 0.84 (0.64 - 1.09)
»
[
o Delta 3+ —— 2.42 (1.44 - 4.05)
=
]
£
8 Delta 1-2 e 262 (2.19 - 3.13)
@©
>
+ Delta unvaccinated i 2.25 (1.80 - 2.82)
et
c
@
& Alpha 1-2 D 5.97 (4.00 - 8.90)
>
Alpha unvaccinated —— 5.08 (4.28 - 6.02)
Wildtype unvaccinated —— 6.44 (5.49 - 7.56)
0.0 25 5.0 7.5 10.0

Odds Ratio (95% CI)

Figure 2. Association between post-COVID-19 condition and the virus variants and vaccination status (the numbers in the legend refer to number of received vaccine doses),
adjusted for sex, age, country of birth, federal state, living in a big city, education, previous infection, and course of acute infection. Because multiple infection events per
person are included, the odds ratios were estimated using generalized estimating equations. (N = 10,527). CI, confidence interval.

affected by smell and taste disorders (18.9%) compared with par-
ticipants infected with the other variants (Figure 3). There were
no other differences in the occurrence of symptoms or symptom
severity across the virus variants.

Discussion

We found that participants infected with the Omicron vari-
ant had the lowest risk of developing PCC, followed by the Delta,
Alpha, and Wildtype variants. The risk was substantially lower
among those who had had previous infections, but it did not dif-
fer based on the vaccination status (among those who had been
infected). In addition, the symptom severity in the case of devel-
oping PCC did not differ by the variant, the vaccination status, or

18

previous infection. The symptom patterns were similar across PCC
resulting from infections with various virus variants, with the ex-
ception of less frequent smell and taste disorders for the Omicron
variant than for the other variants.

Our finding of a strong risk reduction for PCC in individuals in-
fected with Omicron compared with the other variants agrees with
other studies in adults [11,12,15,16] and children [27,28]. In our
sample, there were relatively high proportions of participants re-
porting PCC symptoms compared with other studies [14,16]. This
difference could be caused by the greater participation of individ-
uals affected by PCC in our study. However, when applying a more
restrictive criterion of symptoms, it resulted in a lower risk of PCC,
but similar relative estimates regarding variants, which are the fo-
cus of our analyses, because the selection likely affected all groups
in the same way.
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Fatigue

Cognitive impairment
Shortness of breath
Smell and Taste Disorder
Sleep disorder

Muscle and Joint Pain
Headache

Chest pain

Cough

Arrhythmia

Vertigo
Depression
Night sweat !

Anxiety

Congested nose
Diarrhea

Ear pain

Sore throat
Abdominal pain

PMS \

Nausea

Swollen Lymph Nodes
Eye conjunctivitis

Fever

0.0 0.5 1.0 1.5

Mean item value

2.0

Variant Wildtype Alpha Delta = Omicron

Figure 3. Symptoms reported >12 after infection, by variant, N = 2822.

The finding that smell disorders were less frequent in individu-
als infected with Omicron is consistent with a previous study that
found loss of smell was less common during the acute infection
[29]. Furthermore, a study in children also found that smell and
taste disorders were less likely to persist if a child was infected
with Omicron SARS-CoV-2 [30].

Given the large sample size of DigiHero, we were able to dis-
entangle the differences between variants and previous infections
and/or vaccinations. Previous studies addressing the question of
the effects of vaccination on the risk of PCC, included in a recent
review [31], that concluded that there is some evidence of a pro-
tective effect, did not assess the interaction between virus variants,
vaccinations, and preceding infections. Another difficulty in com-
paring our data with previous studies is the different time win-
dows to assess the occurrence of symptoms after infection. Some
studies have investigated symptoms lasting for more than 4 weeks,
which could more likely be affected by ongoing symptoms of an
acute infection than when a later time window is considered. More
important is the observation that when distinguishing between the
acute outcomes and PCC symptoms, a more recent study showed
no protective effects of vaccination on the main PCC symptoms
[32], which is also our finding. However, we were not able to study
the vaccine tailored towards the Omicron variant, so we do not
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know whether it has protective effects with regard to PCC. Addi-
tional research is needed to assess this effect.

As the COVID-19 pandemic progressed, repeated infections be-
came more frequent, but information about the impact of previous
infections on long-term symptoms is limited [33,34]. One study
showed an increasing risk of PCC after the second and third in-
fections compared with individuals without a preceding infection.
However, researchers have not investigated the risk of PCC after
a first infection compared with after a reinfection [35]. Our data
suggest that the risk of PCC is decreased if individuals have had a
previous infection but have not developed PCC. This risk reduction
did not depend on time since previous infection. While we could
assess up to 113 weeks since the previous infection (95% of the
observed intervals between infections in our sample fall into this
range), our data indicate that the immunological memory offering
this protection does not wane. This would be a positive aspect with
respect to the long-term perspective on PCC. Another potential ex-
planation could be that individuals, who did not develop PCC after
their first infection, have characteristics that lead to a lower risk of
developing PCC after subsequent infections.

The strength of this study is the large population-based sample.
There are also some limitations. First, participation was only on-
line. This is typically associated with convenience sampling. How-
ever, we recruited the participants by using a population-based
approach, based on postal invitations sent to the residential ad-
dresses. Second, the information we collected is based on self-
reports. While many of the symptoms are individual perceptions
which are self-reported, clinical examinations could provide sup-
plemental insights. Moreover, the symptoms were reported retro-
spectively for several time windows after infection. The upper end
of the 12 weeks or more time window was not defined; however
given that 75% of participants responded between 12 and 43 weeks
after their infection, this was the reference window for the major-
ity of respondents. Nevertheless, the long time between infection
and completing the survey could result in recall bias. Additionally,
our definition of PCC is based on the presence of symptoms. While
we conducted an additional analysis with a more restrictive re-
quirement of at least moderate symptoms, we did not ask partici-
pants if they were negatively affected in their daily life. However,
even if our definition led to a higher proportion of PCC, the com-
parisons across virus variants should not be affected, because we
collected and analyzed the data in each subgroup in the same way.
The self-reporting of infections and vaccinations could also lead to
a misclassification of some individuals. In particular, we could not
consider infections unknown to each participant. Additionally, we
could not adjust for several known risk factors, such as the smok-
ing status, obesity, and comorbidities [9], as this information was
not available for participants of DigiHero. Furthermore, not being
vaccinated could also be due to other underlying unknown factors,
for which we could not adjust for. Furthermore, we could not in-
clude an adequate control group to assess whether the reported
symptoms are attributable to the SARS-CoV-2 infection. Again, this
applies to all variants and thus relative comparisons or time dy-
namics are not differentially affected. Lastly, we did not collect
biosamples, and we classified the viral variants based on the time
of occurrence of infections. Hence, we might have misclassified
some participants. However, the sensitivity analysis, in which we
excluded infections during periods of variant change, provided re-
sults similar to the main analysis.

In conclusion, while the Omicron variant was associated with a
much lower risk of PCC in our study, the lack of protection by vac-
cination regarding the occurrence and symptom severity of PCC (in
case of an infection) suggest that this condition can become a seri-
ous challenge for the health care system during the early endemic
phase of SARS-CoV-2. At the same time, the strong protective effect
of a preceding infection in individuals who did not have PCC after
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their initial infection, suggests that in the midterm, the problem
might resolve.
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