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Abstract

Purpose To evaluate the frequency, duration and patterns of long-term coronavirus disease 2019 (COVID-19)
symptoms and to analyse risk factors for long-lasting COVID-19 sequelae among a cohort of hospital employees (HEs).

Methods We conducted a survey regarding persistent COVID-19 related symptoms with all HEs from three medical
centres in Cologne, Germany, who were tested SARS-CoV-2 PCR positive from March 2020 until May 2021. Duration of
symptoms and possible risk factors for protracted COVID-19 course were analysed.

Results Of 221 included HEs, a number of 104 HEs (47.1%) reported at least one persisting symptom for more than
90 days after initial SARS-CoV-2 detection. Each one cycle higher initial Ct value significantly increased the chances of
overcoming symptoms (odds ratio [OR] 1.05; 95% confidence interval (95%Cl) 1.01-1.09; p=0.019). The occurrence
of breathlessness within the first ten days (OR 7.89; 95%Cl 1.87-41.43; p=0.008), an initial Ct value under 30 (OR 3.36;
95%Cl 1.22-9.94; p=0.022) as well as the occurrence of anosmia or ageusia within the first ten days (OR 3.01; 95%Cl
1.10-8.84; p=0.037) showed a statistically significant association with increased odds of illness duration over 90 days.

Conclusion About half of the HEs suffered from long lasting symptoms over 90 days after almost entirely mild
acute COVID-19. Predictive factors could possibly be used for early treatment to prevent development of long-term
symptoms after COVID-19 in future.
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Introduction

Since the end of the year 2019, the emergence of severe
acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) has caused a global pandemic of coronavirus
disease 2019 (COVID-19) infections [1, 2]. After the
emergence of SARS-CoV-2, evidence increased that
SARS-CoV-2 not only causes acute symptoms, but can
also lead to long-lasting symptoms that can affect mul-
tiple organ systems. In addition to the burden of long-
lasting COVID-19 symptoms on each individual affected,
it has influence on the national economy, for example
in the form of productivity loss and loss of gross value
added due to reduced work capacity and sick leave [3].

After the first three waves of SARS-CoV-2 infec-
tions from early 2020 to springtime 2021 in Germany, a
high number of infected hospital employees (HE) with
long-lasting symptoms after predominantly mild acute
COVID-19 courses could be observed at University
Hospital Cologne-Merheim [4, 5]. In contrast to more
frequently studied long-lasting symptoms after severe
COVID-19 courses [6-8], there was a surprisingly high
amount of long-lasting symptoms that also occurred
after mild courses not requiring hospitalization. Since the
vast majority of people infected with SARS-CoV-2 do not
need to be hospitalized [9, 10], it is of great importance
to also consider mild COVID-19 cases with regard to
long-lasting COVID-19 symptom:s.

Here, we had the opportunity to investigate the entire
cohort of SARS-CoV-2 infected HEs. Although represen-
tativeness of hospital employees for the Cologne popula-
tion can only be assumed but not proven, HEs were of the
same age as the working population and could represent
a rough estimate of the burden of long-lasting symptoms
after SARS-CoV-2 infection. The aim of this study was
to assess the frequency, duration and patterns of long-
term COVID-19 symptoms in hospital employees and to
identify risk factors for a prolonged course of non-severe
COVID-19.

Materials and methods

Definition

Acute COVID-19 includes all signs and symptoms of
COVID-19 lasting for up to 4 weeks [11].

The World Health Organization developed the follow-
ing clinical case definition for post-COVID-19 syndrome:
“Post COVID-19 condition occurs in individuals with a
history of probable or confirmed SARS-CoV-2 infec-
tion, usually 3 months from the onset of COVID-19 with
symptoms that last for at least 2 months and cannot be
explained by an alternative diagnosis” [12].

The term ‘long COVID’ is frequently used and
describes all signs and symptoms that persist or develop
after acute COVID-19. It includes post-COVID-19 syn-
drome [11].
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Study setting

A systematic survey was conducted among SARS-CoV-2
positive hospital employees (HEs) of three medical cen-
tres in Cologne, Germany.

Data collection

All HEs who had a positive SARS-CoV-2 polymerase
chain reaction (PCR) test from the beginning of the pan-
demic in March 2020 until May 2021 were recorded by
staff of the hospitals’ Institute of Hygiene. HEs were PCR
tested by staff of the Institute of Hygiene before return-
ing to work. If it was noticed that HEs were still affected
by their SARS-CoV-2 infection, they were referred to
the Occupational Health Service. HEs could also con-
tact the Occupational Health Service independently. The
Occupational Health Service of the three medical cen-
tres looked after HEs who had been affected by ongoing
symptoms after SARS-CoV-2 infection and offered them
medical support. COVID-19 infections due to occupa-
tional causes have been reported to the employers’ lia-
bility insurance association and rehabilitation measures
were initiated.

For PCR testing, oro-nasopharyngeal swabs (eSwab’
by Copan) or pharynx gargle samples were used [13]. In
most cases, HEs were tested in our in-house COVID-19
test centres by trained medical staff. In some cases, for
example outside the opening hours of our in-house test
centres, HEs got their PCR test in the in-house emer-
gency room or medical staff tested themselves indepen-
dently on the wards. PCR analysis was performed in the
diagnostic laboratories of the Institute of Pathology and
Institute of Hygiene, which are affiliated with the hos-
pital, and at the hospital’s laboratory medicine service
provider. In our data analysis, only Ct values were used if
the initial PCR was processed in one of our two in-house
diagnostic laboratories [14].

All HEs with previous PCR confirmed SARS-CoV-2
infection were contacted by phone and asked about their
willingness to participate in a systematic survey on pos-
sible long-term COVID-19 symptoms. HEs were given
the option to cancel the survey at any time. The survey
was conducted by staff of both the Occupational Health
Service and the Institute of Hygiene and was carried out
between June and October 2021. All HEs interviewed had
at least a six-week interval from their first SARS-CoV-2
positive PCR result at the time of the interview. In prep-
aration for the survey, a structured questionnaire was
developed that included 24 different long-term COVID-
19 symptoms that were frequently described in previ-
ously published studies about long-lasting COVID-19
symptoms [10, 15, 16](supplemental material). HEs were
asked only about symptoms that occurred in connection
with SARS-CoV-2 infection and were not asked to report
symptoms that had previously existed. The self-assessed
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symptom severity (mild/medium/severe) and the respec-
tive time of symptom onset and end were asked. In addi-
tion, three different sources of infection were defined by
physicians of the Institute of Hygiene and applied to each
HE'’s case. A definite nosocomial infection of HEs with
SARS-CoV-2 was, by definition, present when there was
a defined outbreak on a medical ward with exactly fit-
ting time period. Contact with a COVID-19 case within
the hospital with missing or inappropriate personal pro-
tective equipment within the last 14 days was also clas-
sified as a definite nosocomial infection. In the event of
contact with a COVID-19 case within the hospital with
appropriate personal protective equipment and lack of
private contact to a COVID-19 case within the last 14

Table 1 Characteristics of investigated cohort of SARS-CoV-2
positive hospital employees

Frequency Symptom Duration, days
N % Median Mean Min-
(IQR) Max
Total number 221 100.0 112 1399 0-
(210.0) 491
Demographics
Female 158 715 129 146.5 0-
(209.8) 491
Male 63 285 71 1232 0-
(189.0) 452
Age
16-30 70 317 70 116.6 0-
(221.3) 474
31-40 44 19.9 835 1443 0-
(184.5) 482
41-50 55 249 145 137.0 0-
(202.0) 491
51-65 52 235 168 1704 0-
(175.5) 482
Professional
group
Nursing staff 117 529 147 149.7 0-
(214.0) 491
Medical staff 24 10.9 50 128.5 0-
(197.5) 462
Others (e.g., 80 36.2 87.5 1289 0-
administration, (194.3) 474
cleaning staff)
Working on a 59 27.0 182 162.5 0-
COVID ward (200.5) 471
Transmission
type
Community 114 516 57.5 1175 0-
acquired (198.5) 491
Definitely 62 280 177 165.8 0-
nosocomial (168.5) 482
Possibly 45 204 183 160.8 0-
nosocomial (180.0) 471

SD, standard deviation. Study population: hospital employees of three medical
centres in Cologne, Germany, with SARS-CoV-2 positivity between March 2020
and May 2021
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days, the infection was categorized as possible nosoco-
mial infection. If there was contact with a COVID-19
case in the private setting or there was no contact situa-
tion within the healthcare facility within the last 14 days,
this was categorized as a community-acquired COVID-
19 infection.

Data analysis

Descriptive analysis of frequency and duration of long-
term COVID-19 symptoms were conducted. Analy-
sis was performed using the Statistical Software R [17].
Using co-occurrence network analysis, the formation,
patterns and chronology of COVID-19 symptom com-
plexes after SARS-CoV-2 infection were assessed [18].
Survival-time analysis was conducted in order to assess
the probability of respective symptom persistence using
Kaplan-Meier estimator [19]. Likewise, analysis of symp-
tom durations depending on professional group, age,
initial Ct value and other influencing factors was carried
out using Cox regression [20]. Possible risk factors for a
protracted COVID-19 course with persistent COVID-
19 symptoms over 90 days were identified using logistic
regression [21]. As the Robert Koch Institute has decided
to define a Ct value of 30 as the limit above which the
infectivity decreases significantly regardless of the PCR
method used, we used a dichotomized initial Ct (Ct
value <30 vs. Ct value 230) for the logistic regression [22,
23].

P values <0.05 were considered statistically significant.

Results

In total, 297 HEs tested positive for SARS-CoV-2 during
our study period of which 221 HEs were interviewed for
the survey. A number of 76 HEs were excluded because
of survey refusal, survey drop out or incomplete sur-
vey. Mean age was 39.76 years (standard deviation (SD),
12.46; age range 17—64 years) and 158 HEs (71.5%) were
female (Table 1). During the acute COVID-19 infection,
five HEs (2.3%) received inpatient care, including two
HEs (0.9%) who received intensive care treatment. At the
time of SARS-CoV-2 PCR positivity, seven HEs (3.2%)
had been vaccinated twice against COVID-19. Initial Ct
values were available for 150 HEs (67.9%). Mean initial
Ct value was 25.59 (SD 6.33; Ct value range 11-44; inter-
quartile range (IQR) 8.75).

Using co-occurrence network analysis, the formation
of symptom complexes was demonstrated (Figs. 1 and
2). For 33 HEs who had a short symptom duration of
less than 28 days, the most prominent combined symp-
toms were ageusia and anosmia (Fig. 1). With a symptom
duration over 28 days (n=161), a formation of addi-
tional network points of symptom complexes such as
fatigue or concentration disorders, among others, could
be seen. The most prominent symptom complex was the
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Fig. 1 Co-occurrence network of symptoms. Symptom network includes symptoms only of hospital employees with symptom duration of maximum
28 days (N=33). Each line shows the simultaneous occurrence of the respective symptoms. The thicker the line, the more often symptoms occurred

simultaneously

interrelated occurrence of shortness of breath, memory
disorder, concentration disorders and fatigue (Fig. 2).

The probability of symptom persistence was plotted
using Kaplan-Meier curves (Fig. 3). The symptom least
likely to still be present after 90 days was fever (0.0% of
n=81), whereas alopecia was the symptom most likely
to still be present after 90 days (78.0% of n=24). For HEs
who developed shortness of breath after SARS-CoV-2
detection (n=105), the probability for persisting short-
ness of breath after 200 days was 39.0%. For HEs suffering
from memory disorder (n=>57), the probability for persis-
tence of memory disorder after 200 days was 58.4%.

Cox regression analysis showed that each one cycle
higher initial Ct value significantly increased the chances
of overcoming symptoms (odds ratio [OR] 1.05; 95% con-
fidence interval (95%CI) 1.01-1.09; p=0.019) (Table 3).
The chances of being symptom-free for HEs who had a
possibly nosocomial infection were significantly lower
than for HEs with a community acquired SARS-CoV-2
infection (OR 0.48; 95%CI 0.24—0.98; p=0.044). The Cox

regression model also indicated that there was a trend
to a higher chance of symptom resolving for medical
staff than for nursing staff (OR 2.13; 95%CI 0.98-4.62;
p=0.055).

Logistic regression was used to identify factors that
increased the probability of illness duration lasting more
than 90 days (Table 4). The occurrence of breathless-
ness within the first ten days increased the probability
of a prolonged illness duration over 90 days by a factor
of OR=7.89 (95%CI 1.87-41.43; p=0.008), the presence
of anosmia or ageusia increased the probability by a fac-
tor of OR=3.01 (95%CI 1.10-8.84; p=0.037). Initial Ct
value<30 (OR 3.36; 95%CI 1.22-9.94; p=0.022) and a
definitely nosocomial SARS-CoV-2 transmission (OR
3.05; 95%CI 1.03-9.67; p=0.049) also showed a statisti-
cally significant correlation with increased odds of illness
duration over 90 days.
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Fig. 2 Co-occurrence network of symptoms. Symptom network includes symptoms only of hospital employees with symptom duration more than
28 days (N=161). Each line shows the simultaneous occurrence of the respective symptoms. The thicker the line, the more often symptoms occurred

simultaneously

Discussion

In our cohort of SARS-CoV-2 positive tested and almost
entirely still unvaccinated HEs during the first three
waves (wild-type and alpha variant of SARS-CoV-2), a
standardized interview revealed a high proportion of HEs
with long lasting symptoms. Only 12% reported no symp-
toms at all, whilst 73% had symptoms longer than 28 days
and 47% longer than 90 days. This goes in line with the
work of Carvalho-Schneider et al., based on a prospec-
tive follow-up of 150 adults with noncritical COVID-19,
that 68% of adults reported at least one lasting symptom
at day 30 after symptom onset [24].

Comparison of different observational studies upon
long lasting symptoms after non-severe SARS-CoV-2
infection revealed differences in the studied cohorts, the
items of the interviews and the follow up. Whereas the
first studies included patients who were asked for conva-
lescent plasma donation or patients who were surveyed
in the context of a quality management system [10, 15],
here we included all employees of the Cologne Municipal

Hospitals, representing the group of employees of work-
ing age in the healthcare sector in Cologne, Germany.
Employees were not only tested for SARS-CoV-2 if symp-
toms were present, but also all direct contact persons
were actively screened for SARS-CoV-2 for 14 days after
the documented contact. Hence, we were able to also
include HEs with an asymptomatic course. Interestingly,
only 12% of the employees included in the survey had no
symptoms at all. Compared to large register studies like
Roessler et al. where disease diagnoses were recorded
[25], in the present study we were able to capture symp-
toms that were not necessarily linked to a physician’s
disease diagnosis. These symptoms may nevertheless be
essential to understand the burden of post-COVID con-
ditions [9].

In comparison to the work of Augustin et al. with a
prevalence of 35% for six months lasting symptoms [10],
in our cohort the prevalence of long-lasting symptoms
after three months was at 47% of hospital employees,
hence, being comparable.
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Fig. 3 Kaplan-Meier curves of probability of symptom persistence. For each symptom, the number of hospital employees (N) who developed the respec-
tive symptom is stated. The percentage of censored data indicates how many hospital employees still had the respective symptom at the time of the
survey. All graphs were arranged from top left to bottom right with increasing 28-days survival probability of the respective symptom

A nationwide cross-sectional study in the Danish pop-
ulation with over 60.000 SARS-CoV-2 positive persons
revealed significant risk differences for anosmia, fatigue/
exhaustion, dyspnoea and reduced strengths in legs/
arms compared to a SARS-CoV-2 negative control group

[9]. Our data, which do not include control groups, are
consistent with the findings of the Danish questionnaire
study.

Our study showed the development of symptom
complexes. Different symptom complexes following
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Table 3 Cox regression model for the event odds of becoming
asymptomatic
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Table 4 Odds for exceeding illness duration of 90 days based on
logistic regression

OR SE p OR (95%Cl) SE p
(95%Cl) value value
Gender (female) 0.76 028 0319 Age (31-40) 097(027-339) 064 0960
(044-1.31) Age (41-50) 196 (062-641) 059 0.256
Age at the time of COVID disease 0.99 001 0376 Age (51-65) 3.03(0.87-11.44) 065 0089
(0.97-1.01) Gender (female) 199 (069-607) 055 0212
Professional group (Medical staff) 213 039 0055 Professional group (Medical staff) 0.18 (0.03-0.95) 088 0.051
i (0.98-462) Professional group (Others) 0.52(0.18-146) 0.53 0222
Professional group (Others) 260527— 186) 030 0938 Transmission type (Possibly 129(0.41-409) 058 0658
) ’ nosocomial)
Work on the COVID ward (yes) 089 032 071 Transmission type (Definitely 305(1.03-967) 057 0.049
(0.48-1.66) )
. nosocomial)
Initial Ctvalue 2 o . 0020019 o on the COVID ward (yes) 124(042-367) 055 0700
Transmission type (Possibly nosocomial) 048 036 0.044 Initial Ct value <30 336(1.22-594) 053 0022
(024-098) Rhinitis within the first 10 days 1.06 (0.34-330) 057 0922
Transmission type (Definitely nosocomial) ~ 0.59 030 0074 Concentration disorders within the 228(066-832) 064 0.197
(033-1.05) first 10 days

OR; odds ratio. 95%Cl; 95% confidence interval. SE; standard error. The event
odds of becoming asymptomaticat day tare modelled. Only hospital employees
with available initial Ct value were included (N=150). For nominal scaled
variables (gender, professional group, work on the COVID ward, transmission
type), odds ratio refers to the reference characteristic (male gender, nursing
staff, work on the non-COVID ward, community acquired). For interval scaled
variables (age, Ct value), odds ratio refers to the characteristic that is one point/
cycle higher in each case

To avoid misleading interpretation and since the modelled outcome s a positive
event (@asymptomatic), we refrain from hazard terminology in favor of odds

SARS-CoV-2 infection may be linked to different pathol-
ogies [26]. Thus, Zazhytska et al. reported that damaged
cerebral cells with persistent viral loads in some indi-
viduals being possibly the cause for mental disorders, or
a disruption of nuclear architecture may be a cause of
anosmia [27]. Etter et al. showed signs of neurodegenera-
tion associated to autoimmunity and peripheral immune
signatures as possible causes for concentration and mem-
ory disorders or other central neurological symptoms
[28]. Persistent infection or inflammation of heart cells
may be the reason for palpitation and breathlessness [29,
30]. Furthermore, data of the electronic database of the
US Department of Veterans Affairs indicated that indi-
viduals with COVID-19 had an increased risk for differ-
ent cardiovascular diseases in comparison to controls
[31].

In the logistic regression analysis, a statistically signifi-
cant correlation was seen between definitely nosocomial
SARS-CoV-2 transmission and increased odds of illness
duration over 90 days. In the case of nosocomial acquisi-
tion, an increased infectious dose may have been present
due to proximity to SARS-CoV-2 positive patients and
initially limited resources for personal protective equip-
ment. A correlation between infectious dose and severity
of acute COVID-19 has been described [32, 33]. As pre-
existing conditions and other factors were not taken into
account and HEs had predominantly mild COVID-19

Sore throat within the first 10 days 0.33(0.11-0.98) 0.56 0.051

Fever within the first 10 days 2.81(0.92-942) 059 0.079
Cough within the first 10 days 1.38(048-4.05) 0.54 0556
Breathlessness within the first 10 days  7.89(1.87-41.43) 0.78 0.008
Shortness of breath within the first 1.09(0.37-3.23) 055 0.878
10 days

Limb pain within the first 10 days 1.16 (0.34-4.09) 063 0814
Unspecific pain within the first 10 days  2.17(0.53-10.07) 0.74 0.297

Sleep disorder within the first 10 days  1.69 (0.41-7.22) 0.72 0467

Brain fog within the first 10 days 0.70 (0.20-2.28) 061 0554
Anxieties within the first 10 days 2.84(0.52-18.54) 090 0.245

Mood changes within the first 10 days 0.78 (0.06-13.84) 137 0.856
Anosmia or Ageusia within the first 3.01(1.10-8.84) 0.53 0.037
10 days

Heaviness of limbs or Weakness inthe  0.63 (0.16-2.34) 0.68 0.488
limbs within the first 10 days

Fatigue or Headache within the first 0.20 (0.05-068) 065 0.014

10 days

OR; odds ratio. 95%Cl; 95% confidence interval. SE; standard error. Only hospital
employees with available initial Ct value were included (N=150). For nominal
scaled variables, odds ratio refers to the reference characteristic (age <30, male
gender, nursing staff, work on the non-COVID ward, community acquired,
initial Ct value>30). Odds ratios were calculated for the presence of the listed
symptoms within the first ten days after initial SARS-CoV-2 detection compared
to the absence of the respective symptoms. Symptoms that occurred rarely
were not considered. If two symptoms correlate strongly with each other, they
are combined and the combined symptom is called observed as soon as one of
the symptoms occurs

The accuracy data of logistic regression model were as followed: accuracy 0.73,
cross-validation accuracy 0.61, sensitivity 0.79, cross-validation sensitivity 0.53,
specificity 0.64, cross-validation specificity 0.50

courses, the correlation of increased odds of illness dura-
tion over 90 days in the case of definitely nosocomial
SARS-CoV-2 acquisition should nevertheless be evalu-
ated with caution.

It must be mentioned that our study may be limited
by a small sample size as well as a missing control group
in our study design. Considering whether long-lasting
symptoms were caused by SARS-CoV-2 infection or
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occurred incidentally, post-COVID symptoms need to
be compared between SARS-CoV-2 positive and nega-
tive groups. The Danish cross-sectional study by Vedel
Serensen et al. as well as the findings of Roessler et al.
confirm our data [9, 25]. Another limitation of our study
is that we only asked about subjectively perceived symp-
toms. However, the work of Roessler et al. confirms our
results and shows that also more severe conditions diag-
nosed by a trained physician are more common in the
COVID-19 cohort than in the control cohort [25]. Cohen
et al. detected an increased risk of 11% for SARS-CoV-2
infected patients over 65 years for persistent long-term
symptoms [34]. In our questionnaire, we explicitly asked
only about new onset symptoms. Nevertheless, we can-
not rule out the possibility that some employees may
have overstated their reported symptoms. As an addi-
tional limitation, it must be noted that no pre-existing
conditions of the employees were taken into account
and are therefore not included in the calculations. How-
ever, Subramanian et al. showed with their retrospective
matched cohort study, in which they used data from a
UK-based primary care database and included comor-
bidities, that people with a confirmed SARS-CoV-2 infec-
tion had an increased risk of, for example, shortness of
breath or anosmia after more than 12 weeks. As in our
study, SARS-CoV-2 infections from the period when
wild-type and alpha variants dominated were analysed
[35]. We identified several predictors for long-lasting
COVID-19 symptoms. As medical conditions other than
those included in our analysis could not be considered,
we cannot rule out the existence of other important
predictors of long-lasting COVID-19. As a further limi-
tation, it must also be mentioned that the professional
group “Others” is very heterogeneous and that both non-
patient related personnel such as administrative staff as
well as patient-related personnel such as cleaning staff
are combined in one group. Especially with regard to the
transmission type of nosocomial acquisition and the cor-
relation to symptom duration, the heterogeneity of this
group must be taken into account.

Based on symptom complex analyses, it was shown that
employees with a short symptom duration of less than 28
days experienced mainly cold symptoms and loss of smell
and taste, which subsided soon after the acute infection.
With a longer symptom duration, symptoms such as
fatigue or concentration disorders became increasingly
apparent. These long-lasting symptoms often occur in
combination and represent a high burden for the affected
individuals. It also has a major socioeconomic impact.
The socioeconomic impact of long lasting symptoms
after a SARS-CoV-2 infection was early described by the
surrogate sick leave of working people in Sweden. West-
erlind et al. found out in their study that the median leave
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time from work was 35 days and 9% were absent from
work for at least four months due to COVID-19 [16].

For both medical and socioeconomic reasons, predic-
tors for long lasting symptoms are essential. Predictors
were first identified by the Swedish study investigating
sick leaves, which were older age and sick leaves within
the year prior to infection in a first rough analysis [16].
Through the identification of risk factors for long-lasting
COVID-19 course, individuals who are at increased risk
can be selected and medically treated at an early stage [8].
A recently published study from Xie et al. examined the
association of antiviral treatment during acute COVID-
19 and the risk of post-COVID-19 syndrome. Using
health care databases of the US Department of Veterans
Affairs, this cohort study found out that in people with
at least one risk factor for a severe course of disease who
had been treated with nirmatrelvir in the early stages of
acute COVID-19, the risk of post-acute sequelae such
as cardiovascular and neurologic system impairment,
fatigue and malaise, or shortness of breath was reduced
[36]. It is possible that the early predictors we identified
may help to target antiviral therapy in future.

Kuodi et al. examined the effectiveness of COVID-
19 vaccines against long-term COVID-19 symptoms
and showed, that vaccination with at least two doses of
COVID-19 vaccine reduced the odds for post-COVID
symptoms substantially and even bringing it to the same
baseline like individuals reporting no previous SARS-
CoV-2 infection [37]. Therefore, the importance of full
vaccination against COVID-19 must be emphasized also
with regard to the prevention of long-lasting COVID-19
symptoms.

Conclusion

A large number of HEs reported long-lasting symptoms
after predominantly mild acute COVID-19 infections.
The most common symptoms were fatigue, headache,
anosmia and ageusia. We identified predictive factors
for long-lasting COVID-19 symptoms such as the occur-
rence of breathlessness within the first ten days of acute
COVID-19. In the future, predictive factors and risk fac-
tors could possibly be used to prevent the occurrence of
long-term symptoms after COVID-19 with the help of
early treatment.
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