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Abstract. Bernas SN, Baldauf H, Real R, Sauter J,
Markert J, Trost S, et al. Post-COVID-19 condi-
tion in the German working population: A cross-
sectional study of 200,000 registered stem cell
donors. J Intern Med. 2023;293:354–370.

Background. The SARS-CoV-2 pandemic has
strained health systems worldwide, and infection
numbers continue to rise. While previous data
have already shown that many patients suffer from
symptoms for months after an acute infection, data
on risk factors and long-term outcomes are incom-
plete, particularly for the working population.

Objectives. We aimed to provide information on the
prevalence of post-COVID-19 conditions in a sub-
set of the German working-age population (18–61
years old) and to analyze risk factors.

Methods. We conducted an online survey with a
health questionnaire among registered potential
stem cell donors with or without a self-reported his-
tory of polymerase chain reaction (PCR)-confirmed
SARS-CoV-2 infection. Logistic regression mod-
els were used to examine the risks of severity of
acute infection, sex, age, bodymass index, diabetes
mellitus, and arterial hypertension medication on
post-COVID-19 symptoms.

Results. A total of 199,377 donors reported
evaluable survey questionnaires—12,609 cases
had a history of SARS-CoV-2 infection and
186,768 controls had none. Overall, cases reported
physical, cognitive, and psychological complaints
more frequently compared to controls. Increased
rates of complaints persisted throughout 15
months postinfection, for example, 28.4%/19.3%
of cases/controls reported fatigue (p <0.0001) and
9.5%/3.6% of cases/controls reported loss of con-
centration (p <0.0001). No significant differences
were observed in the frequency of reported symp-
toms between 3 and 15 months postinfection. Mul-
tivariate analysis revealed a strong influence of the
severity of the acute SARS-CoV-2 infection episode
and age on the risk for post-COVID-19 conditions.

Conclusion.We report the prevalence of post-COVID-
19 conditions in mainly unvaccinated individu-
als with SARS-CoV-2 infections between February
2020 and August 2021. The severity of the acute
course and age were major risk factors. Vaccina-
tions may reduce the risk of post-COVID-19 condi-
tions by reducing the risk of severe infections.
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has caused a pandemic that has
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strained health systems worldwide since early
2020 [1]. While the initial focus was only on the
acute course of the resulting coronavirus dis-
ease 2019 (COVID-19), many COVID-19 patients
struggle with symptoms that persist over several
months [2, 3]. Common symptoms include fatigue,
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shortness of breath, and cognitive impairment,
which in many patients lead to a decline in the
quality of life [3–6]. The term “long COVID” sum-
marizes symptoms present later than 4 weeks after
SARS-CoV-2 infection. The post-COVID-19 condi-
tion was defined by the WHO in October 2021
as typical symptoms present later than 12 weeks
after infection, lasting for at least 2 months, not
explained by an alternative diagnosis, “which gen-
erally have an impact on everyday functioning” [7].

Lingering symptoms following acute infections
have been reported for severe acute respiratory
syndrome (SARS) and Middle East respiratory syn-
drome [6, 8]. Patients with post-COVID-19 con-
ditions have activated innate immune cells, lack
naïve T and B cells, and show elevated expres-
sion of interferon (IFN)-beta and IFN-lambda-1 and
higher interleukin 6 plasma levels even months
after SARS-CoV-2 infections, interpreted as an
indication of a disrupted immune system [9, 10].
Whether these long-lasting changes of parameters
of the immune system are due to persisting viral
material triggering chronic inflammation, autoim-
munity, or both is the subject of ongoing research
[11–15]. Chronic inflammation due to a disrupted
immune systemmay affect many tissues directly or
indirectly. For example, small fiber neuropathy as
diagnosed in individuals with post-COVID-19 con-
ditions may explain the dysautonomia of the circu-
latory and respiratory system [16].

Studies using data from US healthcare providers
and electronic health records ascertained that the
risk of nonhospitalized SARS-CoV-2-infected indi-
viduals developing respiratory or neurocognitive
disorders, mental health disorders, metabolic or
cardiovascular disorders, and gastrointestinal dis-
orders exceeded that of a 2020 historic control
group by 5% [17] and was higher after COVID-19
than after influenza [18, 19].

The impact of post-COVID-19 conditions on
healthcare systems and economies worldwide will
be substantial due to the high number of individ-
uals infected with SARS-CoV-2 [2]. More so, previ-
ous studies revealed that even asymptomatic [20,
21] or mild acute infections can lead to the post-
COVID-19 condition. A German study observed
nonhospitalized COVID-19 patients, of whom 13%–
28% experienced post-COVID-19 conditions after 7
months [4]. A US study reported that 69% of non-
hospitalized individuals suffered from at least one
complaint 30 days after the infection, and the pro-

portion increased to 73% after≥60 days [22]. These
studies lacked control groups and thus could not
adjust for the impact of the pandemic situation on
the physical [23] and psychological [24] well-being
of the general population.

Early in the pandemic, DKMS Germany—a major
stem cell donor registry [25]—conducted a study
aimed at identifying immunogenetic risk factors for
severe courses of COVID-19. More than 900,000
donors completed a brief health questionnaire in
August 2020 [26]. One year later, in July 2021,
DKMS conducted a follow-up study. A total of
199,377 participating donors answered questions
concerning persistent symptoms and long-term
consequences on the participants’ lives. All partic-
ipants, regardless of whether they had contracted
SARS-CoV-2, provided information about symptom
occurrence and their current well-being.

With this study, we aim to provide informa-
tion on the presence of post-COVID-19 condi-
tions in a rather young adult (18–61 years of
age) subset of the German population represent-
ing mainly the working population. The resulting
dataset may provide more in-depth information on
this additional burden on healthcare systems and
economies worldwide.

Methods

Study design

The initial study [27] and the follow-up study were
designed as registry-based cross-sectional stud-
ies and were approved by the responsible insti-
tutional review board of the Technische Univer-
sität Dresden (IRB00001473). The study was reg-
istered with the trial registry of the German Center
for Infection Research (https://clinicalsite.org/∼
dzif/de/cat/2099/trial/4361) and was conducted
in compliance with the principles of the Declara-
tion of Helsinki. All participants provided explicit
consent to participate in the study. Data privacy
was protected in accordance with the General Data
Protection Regulation of the European Union.

Study population

Invitations to participate were sent by email to
potential stem cell donors registered with DKMS
Germany who had already consented to participate
in the initial COVID-19 survey [27]. All participants
were between 18 and 61 years of age (median: 38
years) in July 2021.
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Health questionnaire

On 12 and 14 July 2021, 894,263 emails were
sent to potential study participants. Participation
in the study was possible until 1 September 2021.
Participants had to provide explicit informed con-
sent before answering the health questionnaire via
a web-based, password-protected login. All partic-
ipants completed a standardized questionnaire to
assess (1) risk factors for severe acute COVID-19
courses, (2) their physical and psychological per-
formance in comparison to the time before the
COVID-19 pandemic, and (3) the occurrence of 20
potential post-COVID-19 symptoms [28, 29] dur-
ing the 2 weeks prior to the survey, and reported
their (4) vaccination and (5) infection status. Par-
ticipants who reported a positive SARS-CoV-2 poly-
merase chain reaction (PCR) test were asked about
symptoms during the acute phase of their infec-
tion. All participants with COVID-19 history were
asked about reinfection and long-term sequelae.
The full questionnaire is listed in Fig. S1 (German
version only).

Case and phenotype definitions

Participants who reported a positive SARS-CoV-
2 PCR test were considered as cases and all
other participants as COVID-19 controls. Cases
were grouped into four different phenotypes based
on their self-reported symptoms during the acute
phase: (1) asymptomatic, (2) moderate, (3) severe
respiratory tract infections (RTIs), and (4) respi-
ratory hospitalization. Severe RTI was defined as
a combination of at least fever and cough, dys-
pnea and fever, dyspnea and cough, or dyspnea
and myalgia. These case and phenotype definitions
have previously been described [27, 30].

Statistical analysis

We were primarily interested in daily symptoms
experienced in July/August 2021. We compared
outcomes between cases and controls and by the
severity of the acute infection.

Binary logistic regression models were used to
investigate the risk for long-term COVID-19 symp-
toms. Odds ratios (ORs) and their 95% confi-
dence intervals (CIs) were used to describe associ-
ations. Statistical testing was based on two-sided
Wald tests for the regression coefficients. Weighted
regressions were fitted in order to correct for the
imbalance of age and sex among the participants.
We weighted the participants’ age according to the

general population but could not weigh by their
health status. For example, 21.3% of participants
were women aged between 30 and 39 years. This
subgroup comprises only 12.0% of the German
population between 18 and 61 years, resulting in a
weight of 0.562. Table S1 summarizes the weight-
ing factors.

All models were adjusted for sex, age (three groups:
18–24 years, i.e., adolescence [31]/youth [32]; 25–
39 years; and 40–61 years), body mass index (BMI)
(four groups: <18.5 kg/m2, 18.5 to <25 kg/m2,
25 to <30 kg/m2, and ≥30 kg/m2), diabetes melli-
tus medication, and arterial hypertension medica-
tion (yes/no). Likewise, significant interactions—
for example, between age and sex and age and
COVID-19 cases (yes/no)—were included in the
multivariable models.

To increase statistical power, we combined asymp-
tomatic and moderate acute infections into one
group and severe RTI along with respiratory hospi-
talization into a severe acute infection group. Com-
plete observations were used in the analysis of
the impact of acute infections because the average
prevalence of daily symptoms among cases with
available information on acute infections did not
differ significantly from that of cases with missing
information.

To exclude symptoms of the acute (0–4 weeks)
and subacute (4–12 weeks) phases [6], only par-
ticipants with the first positive PCR test at least 3
months before study participation were included.
Symptom trajectories were based on observed
frequencies reported by individual participants at
defined time intervals since acute infection. This
allowed investigation of post-COVID-19 conditions
between 3 and 15 months after the acute infec-
tions. To test the effects of time since infection,
a logistic model with linear, quadratic, and cubic
terms was applied. As no statistically significant
temporal differences in the frequency of daily
symptoms were detected, we pooled data from all
COVID-19 cases from January 2020 to April 2021.

Symptom severity was measured using a three-
point scale (0 = never, 1 = occasionally, 2 = daily).
Spearman correlation was used to evaluate the
multicollinearity of the 20 symptoms. To identify
symptom clusters, we conducted a maximum like-
lihood factor analysis with varimax rotation on
symptom severity. Factor loadings greater than 0.3
were considered meaningful.
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All analyses were carried out using R statistical
software version 4.1.0.

Results

Description

A total of 893,101 emails were successfully sent
to potential stem cell donors registered with DKMS
in Germany (for detailed information, see Fig. S2).
Of these, 199,380 donors consented to partici-
pate. The response rates for female and male recip-
ients were 23.1% (139,478/602,670) and 20.6%
(59,902/290,431), respectively. At the time of
participation, 176,854 individuals (88.7%) had
received a first vaccination against SARS-CoV-2,
and 123,793 (62.1%) a second dose.

A total of 12,609 responders reported PCR-
confirmed infections accumulating to an incidence
of 6.3% by August 2021, which is comparable to
the age- and sex-adjusted value of 5.6% reported
by the Robert Koch Institute on 1 September 2021
[33, 34]. Overall, 12,491 participants reported a
first infection with SARS-CoV-2 prior to vaccina-
tion, while 118 participants reported infections
after having received at least one vaccination.

Among the 11,861 participants with a first pos-
itive PCR test before May 2021, 10,520 (88.7%)
reported the course of their acute infection—830
(7.9%) had asymptomatic infections, 6782 (64.5%)
described moderate symptoms, 2674 (25.4%) had
symptoms of a severe RTI without hospitalization,
and 234 (2.2%) reported respiratory hospitaliza-
tion. We show demographic information of cases
and controls in Table S2.

A second PCR-confirmed infection at least 3
months after the first infection was reported by 92
out of 12,609 (0.7%) participants, of whom none
required respiratory hospitalization for the first
infection but four for the second.

Prevalence of post-COVID-19 symptoms since the time
of infection

Among cases, we observed dynamic courses of
daily symptoms, but did not detect statistically sig-
nificant differences between reported symptom fre-
quencies at 3, 6, 9, 12, and 15 months postinfec-
tion (Fig. 1 and Table S3).

Cases were significantly more likely to report
daily symptoms than controls at all time points

postinfection. For example, 19.3% (95% CI
19.1%–19.5%) of controls reported daily fatigue
compared to 28.4% (27.6%–29.2%) of cases
(p <0.0001)—ranging from 25.0% (23.1%–27.0%)
at 15 months to 29.3% (28.4%–30.3%) at 6 months
postinfection—and daily loss of concentration was
reported by 3.6% (3.5%–3.7%) of controls and by
9.5% (8.9%–10.0%) of cases (p <0.0001)—ranging
from 9.0% (7.9%–10.2%) at 3 months to 9.8%
(8.9%–10.8%) at 12 months postinfection (for all
symptoms, see Table S3).

Univariate analysis of risk factors for daily symptoms

The severity of the acute SARS-CoV-2 infection
was the strongest predictor for daily symptoms 3
months and more thereafter. Cases with severe
acute infections reported daily impairments signif-
icantly more often than those with asymptomatic
infections. For all 20 symptoms, we observed a
gradual increase in ORs with increasing severity
of the acute infection episode compared with con-
trols (Fig. 2a). ORs for themost prevalent symptom,
fatigue, were 0.90 (95% CI 0.75–1.07) for asymp-
tomatic infections, 1.27 (1.19–1.34) for moderate
infections, 3.26 (3.00–3.53) for severe RTI, and
4.25 (3.34–5.40) for respiratory hospitalizations
versus controls. The largest ORs were determined
for anosmia/ageusia with 3.02 (95% CI: 1.41–6.48)
for asymptomatic infections, 34.75 (30.71–39.33)
for moderate infections, 54.31 (46.78–63.06) for
severe RTI, and 35.03 (22.62–54.26) for respiratory
hospitalization versus controls.

Besides the severity of the acute infection, age
showed a strong effect on the prevalence of daily
symptoms (Fig. 2b). COVID-19 cases between 40
and 61 years of age had a significantly higher risk
than cases between 18 and 24 years for 13 out of
20 symptoms. For 18 symptoms (exceptions were
anosmia/ageusia and diarrhea), cases who were 40
years and older revealed the highest ORs among
the three age groups, and for 16 symptoms (excep-
tions were anosmia/ageusia, diarrhea, cough, and
dyspnea), the youngest age group revealed the low-
est ORs. ORs for fatigue were 1.97 (95% CI: 1.67–
2.33) in 40- to 61-year olds, 1.40 (1.18–1.66) in
25- to 39-year olds, and 1.29 (1.16–1.44) in the 18-
to 24-year-old group. For dyspnea, ORs were 7.23
(4.12–12.66), 5.54 (3.02–10.16), and 6.23 (4.25–
9.13) in the three age groups from the oldest to
the youngest. Comprehensive information on the
impact of the severity of the acute episode and age
is provided in Table S4.
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Fig. 2 Odds ratios (ORs) for all 20 symptoms experienced by the participants daily by the severity of the acute infection and
age compared to controls. The y-axis is logarithmically scaled. The ORs are based on the univariate analysis of the severity
of acute infection (a), on the univariate analysis of age (b), and on the multivariate analysis of both factors along with sex,
diabetes mellitus, hypertension, and body weight (c). In panel (b), daily nausea/vomiting was not reported for asymptomatic
infections and infections requiring respiratory hospitalization, leaving the estimates of the corresponding ORs undefined. In
panel (c), severe acute infections combine severe respiratory tract infection (RTI) and respiratory hospitalization. Upper 95%
confidence limits are 151.8 and 117.2 for anosmia/ageusia, severe, 18–24 years, and 25–39 years, respectively.
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Chest pain was significantly more often reported
(p <0.001) by participants with hypertension (OR:
12.90) than those without hypertension (OR: 5.37).
Loss of concentration was significantly more often
reported (p <0.001) by individuals with obese BMI
(≥ 30 kg/m2) compared to normal-weight partici-
pants (BMI between 18.5 to <25 kg/m2) (OR: 2.35).
Palpitations were more often reported (p = 0.01)
by participants with obese BMI (OR: 4.59) than
those with normal weight (OR: 3.14). Also, lack of
appetite was significantly more often reported (p
= 0.01) by individuals with overweight BMI (25 to
≤30 kg/m2) (OR: 2.82) than with normal weight
(OR: 1.48).

Neither sex nor diabetes mellitus had a significant
effect on the risk of post-COVID conditions.

Multivariate analysis of the impact of acute infection
severity and age

The prevalence of long-term symptoms was associ-
ated with age and the severity of the acute infection
(Fig. 2c). Numerical values of the estimated OR are
shown in Table S4. For example, 18- to 24-year-
old individuals with asymptomatic or moderate
SARS-CoV-2 infections had significantly lower
risks of experiencing daily symptoms than cases
with severe COVID-19 (severe RTI and respiratory
hospitalization).

Among cases with severe COVID-19, the risk of
daily impairments was higher for 40- to 61-year-old
compared to 18- to 25-year-old participants. Only
anosmia/ageusia presented a completely different
picture. Here, older patients (40–61 years) had
a significantly lower risk than younger patients
(18–24 years), both with asymptomatic/moderate
infections (p = 0.006) and with severe infections
(p = 0.002).

Differences in prevalence of daily symptoms between
cases and controls

While the relative risk for post-COVID symptoms
for cases versus controls did not differ depend-
ing on sex, statistically the prevalence was signifi-
cantly different. For example, among women aged
40–61 years, 34.6% of cases and 21.9% of con-
trols reported daily fatigue, that is, a difference of
+12.7%. Men showed lower frequencies of daily
fatigue compared to women, with 20.7% of cases
and 12.1% of controls among 40- to 61-year olds,
resulting in a difference of +8.6%. The correspond-
ing frequencies among young women aged between

18 and 24 years were 42.1% of cases and 36.1% of
controls, resulting in a difference of +6.0%. Among
men of the same age group, the difference was
only +3.5% (23.3% daily fatigue among cases and
19.8% among controls). The severity of the acute
infection also had a strong impact. Among female
cases aged between 40 and 61 years, 14.2%with an
asymptomatic or moderate infection reported daily
fatigue, compared to 36.8% of cases with a severe
RTI or respiratory hospitalization.

Figure 3 shows comprehensive data on the preva-
lence of all symptoms by sex, age group, and the
severity of the acute infection episode (Tables S5
and S6 provide the corresponding prevalence in
numbers). More aggregated information on risk
factors and symptom frequencies can be requested
from the authors directly.

Identification of symptom clusters

Symptom clusters detected among controls (e.g.,
between depression and anxiety, or between loss
of concentration and disturbance of memory) were
also reported by cases. However, we identified pair-
wise correlations (>0.3) that were stronger among
cases, for example, fatigue and disturbance of
memory, chest pain and dyspnea, chest pain and
palpitations, and disturbance of memory and dys-
pnea (Fig. 4).

Using factor analysis, a total of six symptom clus-
ters could be distinguished, with the first three
main clusters comprising at least four symp-
toms:

1. neurological/psychiatric (anxiety, depression,
disturbance of memory, headache, loss of con-
centration, sleep disorders),

2. pulmonary/cardiovascular (chest pain, cough,
dyspnea, palpitations),

3. gastrointestinal (abdominal pain, diarrhea,
loss of appetite, nausea/vomiting, vertigo),

4. joint/muscle (arthralgia, myalgia),

5. upper respiratory (sore throat), and

6. sensory (anosmia, ageusia) symptoms.

While only 1.3% of cases with asymptomatic infec-
tions reported daily occurrence of five or six neu-
ropsychiatric symptoms, this rate increased to
7.0% of those with severe RTI and to 8.5% of
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Fig. 4 Pairwise correlation coefficients between the 20 self-reported symptoms that participants experienced daily. SARS-
CoV-2-positive cases are in the upper triangular area and controls in the lower triangular area.

COVID-19 patients who required respiratory hos-
pitalization. The number of symptoms experienced
daily increased with the increasing severity of the
acute infection (Fig. 5). Considering all symptoms,
4.4% of moderate cases and 22.6% of cases with
respiratory hospitalization experienced more than
five symptoms daily, compared to 2.7% among con-
trols.

Physical and mental performance

Participants were asked to rate their physical and
mental performance compared with their prepan-
demic level. The more severe the acute infection
had been, the higher was the reported deterioration
of mental and/or physical performance (Fig. 6).

Female controls reported a deterioration signifi-
cantly more often thanmale controls. Younger con-
trols (18–24 years) reported a deterioration of their

mental performance more often. A deterioration of
physical performance was significantly more com-
mon among controls under 40 years of age (Table
S7).

We identified strong correlations between low men-
tal performance ratings and daily occurrence of
symptoms of the neurological/psychiatric cluster,
and between low physical performance and daily
symptoms of the neurological/psychiatric and pul-
monary/cardiovascular clusters (Fig. S3).

Incapacity to work and impairments in activities of daily
living

The influence of the severity of the acute phase
on the post-COVID-19 condition was also evident
in the assessment of work incapacity and impair-
ments in basic (e.g., washing, dressing alone) and
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more advanced (e.g., preparing meals, housework)
activities of daily living (ADL).

A total of 745 (6.3%) participants reported being
unable to work at the time of participation due
to health problems related to COVID-19. One year
after infection, 3.4% (95% CI: 2.7%–4.1%) of cases
with moderate acute infections were unable to
work. In contrast, among cases with severe RTI or
respiratory hospitalization, the rates were 12.7%
(10.7%–15.0%) and 25.6% (18.5%–34.2%), respec-
tively (Fig. 7).

A total of 173 out of 745 (23.2%) participants
had been unable to work for more than 12
weeks. Among them were 59.1% (94/159, 14 with
unknown severity) with severe acute infections,
that is, severe RTI or respiratory hospitalization.

Notably, 28 out of 745 individuals who were unable
to work reported impairments in basic ADL, 87.5%
of them after a severe acute infection course.
Impairments in more advanced ADL were reported
by 112 individuals, of whom 77.3% reported a
severe acute infection.

Discussion

In this study, we analyzed the long-term impact
of an infection with SARS-CoV-2 and quanti-
fied post-COVID-19 symptoms for the population
aged between 18 and 61 years. Overall, 199,377
individuals were included in the study. Besides
12,609 COVID-19 cases, 186,768 participants who
had never tested positive for SARS-CoV-2 by PCR
served as a control group. Social distancing, stay-
at-home orders, job loss, extreme workload, eco-
nomic loss, and fear of infecting oneself or oth-
ers have been reported to have had a substan-
tial influence on the whole population [23, 24, 35,
36]. The impact of these stressors for the general
population needs to be considered when analyzing
post-COVID-19 conditions. Because post-COVID-
19 conditions are poorly distinguished from other
stress-related symptoms, it is important to have
an appropriate control group that was exposed to
the same stressors. Previous studies often focused
solely on COVID-19 patients [4, 5, 22, 37]. Others
based their analysis on electronic health records
and thus on individuals who sought professional
medical help [17, 19], which may not fully repre-
sent population health. We analyzed the different
acute courses of SARS-CoV-2 infections in detail,
allowing for clearer risk estimates.

Direct comparisons of our data with other stud-
ies are hampered because post-COVID-19 condi-
tions are difficult to diagnose and are measured by
different approaches [3]. Published studies evalu-
ate either the presence of one or several symptoms
after a defined time [4, 22, 29, 37, 38], the presence
of new symptoms that were absent in the acute
phase of the infection [17], or long-term reduc-
tion in quality of life [39]. Comparable with the
descriptive results of a large German study [40],
our data indicate that individuals suffering from
post-COVID-19 conditions show a broad range of
unspecific symptoms, many of which may also be
identified in participants never infected by SARS-
CoV-2. However, we found significant differences
between cases and controls in both the frequency
with which daily symptoms were reported and the
number of daily symptoms experienced. We fur-
ther observed that the frequency with which cases
experienced daily symptoms did not differ between
3 and 15 months postinfection. A French survey
recently demonstrated that 85% of patients symp-
tomatic after 2 months still reported symptoms 1
year after symptom onset [41].

We identified the severity of acute infection as
the main risk factor for developing post-COVID-
19 condition, consistent with previously published
data [18, 19, 22, 38]. This finding is in line with
the observation that the level of SARS-CoV-2 RNA
is a biomarker for COVID-19 severity [15]. Age is a
major risk factor for severe infections and has also
been identified as a major risk factor for COVID-
19 sequelae by many others [26, 42–45]. Diabetes
was predictive for post-COVID-19 conditions in a
recently published risk factor analysis, but not
in our study [15]. Patients with severe forms of
diabetes probably carry the greatest risk in this
context but were under represented in our rela-
tively young population. Women showed slightly
higher frequencies in experiencing daily symp-
toms. Along with the age effect, this finding implies
that young females carry an increased risk for post-
COVID condition as observed in the majority of
long-COVID studies [37, 45, 46]. Because men are
more likely to develop severe COVID-19 [47], higher
rates of hospitalization in our study group were not
unexpected [26].

The most prevalent symptom in our dataset was
fatigue, which was experienced by 28.4% of cases
as compared to 19.3% of controls. This rate is
in line with previously published results, which,
however, show a very wide variance in prevalence
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between studies. For example, Davis et al. [48]
reported 80% fatigue at 6 months, Augustin et al.
[4] reported 10% at 4 months, and Taquet et al.
[19] 6% at 90–180 days postinfection. Fatigue was
more frequent in women as reported by others [49].
Because of our large control group, the inclusion
of all severity levels, and the random participant
selection process, our values should be generaliz-
able to those between 18 and 61 years of age.

Our study has limitations. First, this study uti-
lizes self-reported data and not objective medical
assessments. Second, our results may not be
generalizable to the general population because
potential stem cell donors only represent the work-
ing age population (18–61 years of age) [50]. Third,
we limited the list of symptoms to the 20 most com-
mon to allow for answering the questions in a short
time frame, and thus possibly underestimated the
prevalence of post-COVID complaints. However,
we included items to assess ADL, which provided
an additional way to quantify the individual dis-
ease burden. Fourth, because of the timing of our
study, our data only include individuals infected
with SARS-CoV-2 variants that were present until
July 2021. Thus, we cannot provide data on the
prevalence of post-COVID-19 condition after infec-
tion with the Omicron variant [51]. Moreover, our
data come from a largely unvaccinated population
at the time of the first SARS-CoV-2 infection,
as less than 1% of participants who reported a
positive PCR test had received at least one vaccine
prior to their infection. Data from a UK study
showed a 41.1% decrease in the odds of experi-
encing post-COVID-19 condition if the infection
occurred after full vaccination [52], and similar
results were observed in a study from Israel [53].
However, a recent study analyzing US veterans’
health care data found that in this cohort, the risk
for postacute sequelae was reduced compared to
unvaccinated participants (hazard ratio: 0.85) but
was still elevated relative to uninfected controls
(hazard ratio: 1.5) [54]. Fifth, a fraction of the
controls may have undergone unrecognized SARS-
CoV-2 infections. Differences between cases and
controls would then be underestimated. Finally,
a strength of this study is that our survey was
not hospital based and thus may represent the
general (working) population of the respective age
groups. Nonetheless, motivation to participate may
have been higher among individuals with more
severe acute infections and more problematic post-
COVID-19 conditions, resulting in overestimation
of differences between cases and controls.

In summary, we report the prevalence of post-
COVID-19 conditions in mainly unvaccinated indi-
viduals aged 18–61 years, with a history of PCR-
confirmed SARS-CoV-2 infections between Febru-
ary 2020 and August 2021. More severe acute
infections and higher age were major risk factors in
this population. With this perspective, preventing
severe infections is the cornerstone for preventing
post-COVID-19 conditions.

Vaccination programs and antiviral treatment for
high-risk patients with COVID-19 infection may
thus reduce the risk for post-COVID-19 conditions
by reducing the severity of the acute course. More-
over, retrospective studies showed that SARS-CoV-
2 vaccinations for individuals who already suffered
from post-COVID-19 conditions were associated
with decreasing symptoms during follow-up [55].
Vaccinations may therefore directly and indirectly
lower the population health burden of post-COVID-
19 conditions.
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Figure S1: Questionnaire. All participants com-
pleted a standardized questionnaire to assess risk
factors
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istered stem cell donors; 1,162 emails could
not be delivered due to reasons such as server
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participation, 3 of whom had to be excluded
due to a temporary problem with the database
Figure S3: Correlations between low mental and
physical performance ratings and daily occurrence
of symptoms of the neuropsychiatric and pul-
monary/cardiovascular clusters

Table S1: Calculation of the weighting factor for
different age groups and male and female partic-
ipants to account for proportional differences in
the study group compared to the German popula-
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itive (cases) and negative (controls) participants.
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