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Abstract
Purpose The objective examination of the Post-COVID syndrome (PCS) remains difficult due to heterogeneous definitions 
and clinical phenotypes. The aim of the study was to verify the functionality and correlates of a recently developed PCS score.
Methods The PCS score was applied to the prospective, multi-center cross-sectoral cohort (in- and outpatients with SARS-
CoV-2 infection) of the "National Pandemic Cohort Network (NAPKON, Germany)". Symptom assessment and patient-
reported outcome measure questionnaires were analyzed at 3 and 12 months (3/12MFU) after diagnosis. Scores indicative 
of PCS severity were compared and correlated to demographic and clinical characteristics as well as quality of life (QoL, 
EQ-5D-5L).
Results Six hundred three patients (mean 54.0 years, 60.6% male, 82.0% hospitalized) were included. Among those, 35.7% 
(215) had no and 64.3% (388) had mild, moderate, or severe PCS. PCS severity groups differed considering sex and pre-
existing respiratory diseases. 3MFU PCS worsened with clinical severity of acute infection (p = .011), and number of comor-
bidities (p = .004). PCS severity was associated with poor QoL at the 3MFU and 12MFU (p < .001).
Conclusion The PCS score correlated with patients’ QoL and demonstrated to be instructive for clinical characterization 
and stratification across health care settings. Further studies should critically address the high prevalence, clinical relevance, 
and the role of comorbidities.
Trail registration number The cohort is registered at www. clini caltr ials. gov under NCT04768998.

Keywords Post-COVID · Long-COVID · Definition · Score · Patient reported outcome measures · Multi-center prospective 
cohort study · Quality of life

Background

Three years after the 2019 coronavirus (COVID-19) pan-
demic, the long-term consequences of COVID-19 in terms 
of prognosis, quality of life and ability to work have become 
the focus of medical research [1, 2]. The World Health 

Organization (WHO) has defined the Post-COVID syn-
drome (PCS), also known as Long-COVID or Post-COVID 
condition (PCC), as a condition that may affects patients 
after severe acute respiratory syndrome coronavirus type 
2 (SARS-CoV-2) infection and results in symptoms that 
appear or persist three months after diagnosis, last for at least 
two months, and cannot be explained by any other diagnosis 
[3]. Other definitions also exist, e.g., from the UK National 
Institute for Health and Care Excellence (NICE) [4] and the 
Centers for Disease Control and Prevention (CDC) [5]. As 
most PCS studies do not adhere to one of these definitions, 
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they contribute to further heterogeneity by using a diverse 
set of symptoms and time points [6, 7]. Given diverse diag-
nostic criteria and clinical phenotypes, there is a significant 
lack of objective and standardized measures to investigate 
the pathogenesis, prevalence, and effective treatment of PCS.

To complicate matters, there are difficulties in applying 
these broad criteria to existing cohort studies designed in 
the early phase of the pandemic, when PCS was neither 
widely known nor well defined among researchers. Cur-
rently, researchers are searching for existing data suggesting 
PCS based on different study designs (follow-up time points, 
duration of symptoms) and using symptom clusters of vary-
ing magnitude in their respective cohorts [6–9]. In addition, 
it is difficult, but important, to disentangle the causal impact 
of the COVID-19 infection from other pandemic-related 
illnesses (e.g. psychiatric disorders due to social isolation) 
[10, 11] or pre-existing comorbidities [12]. This need is 
emphasized by the WHO, which limits itself to symptoms 
for which there is "no other explanation" [3]. The diversity 
of symptoms in PCS raises the question of whether there are 
distinct clinical phenotypes [13]. Researchers propose dif-
ferent clinical profiles, symptom clusters, or scoring systems 
[13–16], leading to challenges in comparability and assess-
ing PCS quantification and clinical relevance.

At the beginning of the COVID-19 pandemic, Germany 
established the “Network of University Medicine (NUM)” 
to coordinate and support national research on COVID-19. 
As part of this effort, the “National Pandemic Cohort Net-
work (NAPKON)” was created. NAPKON is a multi-center 
prospective observational cohort study consisting of three 
cohorts with comprehensive long-term follow-up schemes 
[17]. With the shift in research priorities towards PCS, the 
NAPKON cohorts require a standardized, easily applica-
ble PCS definition to further investigate the pathogenesis 
of PCS. Bahmer et al. (2022) developed the Post-COVID 
syndrome score (PCS score) based on the data of the pop-
ulation-based cohort in NAPKON (“Populationsbasierte 
Platform”, POP), providing a useful tool for evaluating the 
presence and severity of PCS symptoms [14].

Objective

Our aim was to implement the PCS score developed by Bah-
mer et al. in the cross-sectoral cohort (“Sektorenübergreif-
ende Plattform”, SUEP) of NAPKON and to help standardize 
and objectify the definition of symptom-based PCS across 
the network. To achieve this, we calculated the symptom 
complexes-based PCS score using two approaches: firstly, 
we mapped the symptom complexes only to patient infor-
mation obtained during follow-up visits at 3 and 12 months 
after initial infection. Secondly, we utilized Patient Reported 
Outcome Measures (PROMs) to identify the occurrence of 

individual symptoms. We analyzed the frequency of the PCS 
score severity groups stratified by relevant demographic, 
disease-related information and risk factors and compared 
PCS score severity with the QoL outcomes. Additionally, 
we sought to obtain an initial assessment of the relationship 
between the PCS score and functional and social impair-
ments and evaluated changes in the PCS score over time. 
These results are critically discussed in the context of other 
PCS definitions/scores and relevant challenges in the field.

Methods

Study design and sample

The SUEP cohort of NAPKON recruited SARS-CoV-2 posi-
tive tested patients and controls of all ages in all sectors of 
health care (university hospitals, non-university hospitals, 
and primary care practices) in Germany, encompassing in- 
and outpatients since November 4, 2020. The SUEP col-
lects primary health record data, basic clinical phenotyp-
ing information, imaging data, bio samples, and PROMs 
at 57 study sites. The key inclusion criterion was a positive 
polymerase chain reaction (PCR)-confirmed SARS CoV-2 
infection at the time of inclusion. Among other visits, the 
patients received either telephone or on-site follow-up exam-
inations at three and 12 months (referred to as 3MFU and 
12MFU, respectively) after their initial baseline visit. The 
choice between telephone and on-site follow-ups depended 
on the heath care level or consent to bio sample collection. 
Detailed information about the study was published else-
where [17]. Only adults (age ≥ 18 years) who had at least a 
3MFU were eligible for our analysis. A complete flow chart 
depicting sample selection and dropouts during analysis is 
shown in Supplementary Fig. S1. Our sample was recruited 
between December 2, 2020 and October 25, 2022. The last 
included 12MFU was carried out on May 31, 2023. Data 
were exported on June 15, 2023. All reporting adheres to 
the STROBE guidelines for cohort studies (Supplementary 
File S1).

Post‑COVID syndrome score (PCS score) mapping 
and enhancement

The PCS score was calculated based on self-reported symp-
toms using a hypothesis-free clustering procedure that 
employed k-means clustering alongside other techniques. 
It consists of 12 subordinate sets of symptoms, including 
chemosensory deficits, fatigue, exercise intolerance, joint or 
muscle pain, ear-nose-throat ailments, coughing/wheezing, 
chest pain, gastrointestinal ailments, neurological ailments, 
dermatological ailments, infection signs, and sleep distur-
bance, as reported by Bahmer et al. [14]. If a symptom of 
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the respective symptom complexes was present, the symp-
tom indicators were multiplied by an individual point value 
ranging from two to seven representing its contribution to 
PCS severity. The assigned points were then summed up to 
a total score, which can be used to categorize the severity 
classes of PCS into distinct classes (none: 0 points; mild: > 0 
to ≤ 10.75; moderate > 10.75 to ≤ 26.25; severe: > 26.25).

For mapping the PCS score in the SUEP, we identified 
25 symptom items suitable to represent the 12 complexes. A 
list of included data items can be found in Table S1. In the 
SUEP, symptoms were assessed continuously and longitu-
dinally during the course of the study. Symptom occurrence 
was further specified by start date and duration using cate-
gorical time intervals (e.g.“1 day”,“8–14 days”, “31–60 days 
(1–2 months)”). In the following analyses, we refer to the 
3MFU, unless otherwise specified.

In order to meet the WHO definition of Post-COVID, 
symptoms must have persisted for at least two months prior 
to 3MFU [3]. Therefore, we calculated the time intervals 
between the onset of symptom and the visit date. We used 
the categorical duration intervals to determine a minimum 
and a maximum end date. A symptom complex was con-
sidered present if the start date was at least 61 days prior 
to the 3MFU date and the minimum end date was not ear-
lier than the 3MFU date. To evaluate changes in the PCS 
score severity over time, we also calculated the PCS score 
during the 12MFU visit. In order to establish a clearer link 
between symptoms and infection, it was necessary for symp-
toms to persist for at least 11 months (335 days) and the 
“6–12 months “ duration category had to be selected. For 
symptoms labeled as “ongoing”, we used the date on which 
the corresponding template was last updated as the symptom 
end date.

After conducting the initial analysis, we discovered that 
some symptom complexes, e.g. fatigue, were underrepre-
sented in comparison to existing literature [14, 18, 19]. To 
address this, we included additional elements from the fol-
lowing PROMs in our assessment: Chalder Fatigue Scale 
(CFS), PROMIS-29 Fatigue, PROMIS Dyspnea, PROMIS 
Cognitive Function, and PROMIS-29 Sleep disturbance 
(see Table S1). As suggested by Jackson [20], we recoded 
the CFS items to dichotomous items, created a sum score 
and categorized it as either “no fatigue” (sum score ≤ 3) 
or “fatigue” (sum score > 3). For PROMIS-29 Fatigue, 
PROMIS Dyspnea, PROMIS Cognitive Function and 
PROMIS-29 Sleep disturbance, we calculated sum scores 
and categorized these using T-Scores. T-Scores < 55 indi-
cate no impairments for fatigue, dyspnea and sleep, while 
T-scores ≥ 55 indicate impairments, respectively [21]. The 
corresponding sum scores for fatigue [22], dyspnea [23], 
and sleep [24] were 11, 15, and 13, respectively. Cogni-
tive impairments were indicated by a T-score ≤ 45, while a 
T-score ≥ 45 indicated no cognitive impairments [25]. The 

corresponding sum score was 15 [21]. If one item was miss-
ing or answered as “no information available”, a sum score 
could not be calculated for PROMIS-29 Fatigue, PROMIS 
Cognitive Function and PROMIS-29 Sleep Disturbance. To 
calculate a sum score for PROMIS Dyspnea, at least four 
items needed to be answered. Supplementary Text 1 details 
versions of the PROMs used in the SUEP. In the follow-
ing analyses, we primarily used the mapping version that 
includes the PROM assessments, aligning with the fatigue 
prevalence reported in the literature [9, 13].

If a PROM sum score could not be calculated or the start 
date or duration of all symptoms per symptom complex was 
missing, the corresponding complex was marked as missing. 
If at least one complex was missing, no score was calculated.

Assessment of functional impairments and quality 
of life

To identify the effects and classify clinical relevance of PCS 
severity on physical and social impairments, we evaluated 
the PROMIS-29 “Ability to participate in social roles and 
activities” and “Physical function”. We categorized impair-
ment and no impairment using a sum score cut-off of 13 
and 18, respectively [26, 27]. QoL was measured using the 
European Quality of Life 5-Dimensions 5-Level Version 
(EQ-5D-5L) index and Visual Analogue Scale (VAS). The 
study assessed the health status of patients based on five 
dimensions: mobility, caring for oneself, everyday activities, 
pain, and anxiety. The patients rated each dimension on a 
five-point Likert-scale ranging from 1 (no problems) to 5 
(inability/extreme problems). The scores were then calcu-
lated into an index score between 0 (worst condition) and 1 
(optimal health) [28, 29]. Additionally, the patients reported 
their present health status on the VAS with 0 representing 
the worst health status and 100 the best health status.

Data analysis

Mean (M) and standard deviation (SD) were calculated for 
metric items, and absolute frequencies and percentages 
were reported for categorical and dichotomous items. Sig-
nificance of group differences was assessed using the Chi-
squared test or Fisher‘s exact test for categorical items, 
as appropriate. Due to the lack of a normal distribution 
for all continuous items (Shapiro–Wilk-Test), group dif-
ferences were assessed using the Kruskal–Wallis-Test. 
Post-hoc tests were performed using Dunn’s-test. When 
appropriate, p values were Bonferroni-adjusted. Correla-
tion analyses were performed using Spearman-correlation, 
with Spearman’s correlation coefficient rho considered to 
be small if |rho| > 0.1, medium if |rho| > 0.3 and large if 
|rho| > 0.5 [30]. All p values below 0.05 were considered 
statistically significant. We performed sensitivity analysis 
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by treating missing symptom clusters as “not present”. R 
Version 4.2.3 was used for statistical analysis.

Results

Patient characteristics

The study sample comprised 854 patients, all of whom 
completed the 3MFU, from 27 study centers. The cal-
culation of PCS score was possible for 581 patients 
(68.0%) without PROMs and for 603 patients (70.6%) 
with PROMs at 3MFU. Of those patients with PCS score 
including PROMs, 97.0% had a 12MFU (n = 585). The 
mean age of those patients with valid PCS score (including 
PROMs) was 54.0 years (SD = 16.1). Approximately 61% 
of patients (n = 365) were male. During the acute phase 
of COVID-19 infection, 81.6% of patients (n = 492) were 
hospitalized. Of these, 82.7% (n = 407) did not receive 
oxygen or received oxygen with less than 15 l/min (equal 
to WHO progression scale moderate). Forty-three percent 
of patients received at least one vaccination against SARS-
CoV-2 prior to study inclusion (n = 240), of whom 45.4% 
(n = 179) received all reported vaccinations prior to study 
inclusion. Of the patients, 28.0% (n = 157) received two 
vaccinations, while 26.1% (n = 146) received three or more 
doses. The most frequently mentioned pre-existing comor-
bidities were cardiovascular diseases (n = 278, 46.1%), 
diabetes (n = 101, 16.8%), and cancer (n = 103, 17.1%). 
Twenty-nine percent had no comorbidities, while 70.7% 
of patients had at least one comorbidity. Please refer to 
Table 1 for further information.

Symptom complexes and Post‑COVID syndrome 
score (PCS score)

For PCS score mapping, prior to PROM inclusion, exer-
cise intolerance as demonstrated by shortness of breath was 
the most frequently reported symptom complex (20.3%), 
followed by neurological ailments (12.2%) and coughing/
wheezing (10.4%). None of the patients reported sleep dis-
turbances (in the free text field). After PROM inclusion, 
fatigue was most common (41.1%), followed by neurological 
ailments (39.4%) and exercise intolerance (39.7%). Sleep 
disturbances according to PROMs were present in 140 
patients (16.4%). Detailed information is given in Table 2. 
The PCS score group allocation shifted from 62.0% (n = 360) 
to 35.7% (n = 215) for patients with no, 14.5% (n = 124) to 
14.1% (n = 120) with mild, 14.1% (n = 82) to 36.7% (n = 221) 
with moderate and 2.6% (n = 15) to 7.8% (n = 47) with severe 
PCS after PROM integration (Fig. 1).

Differences between PCS score groups

When comparing PCS score groups, we found higher fre-
quencies for female sex (p = 0.034*) and the presence of 
pre-existing respiratory diseases (p < 0.001*) (Table 1). 
Post-hoc tests showed that the comparisons between 
sex groups were only significant between no vs. severe 
(p < 0.001*), mild vs. severe (p = 0.039*) and moderate 
vs. severe PCS (p = 0.032*). QoL (measured using EQ-
5D-5L index and VAS) differed significantly between 
PCS score groups at 3MFU and 12MFU (all p < 0.001*). 
Tables S2 to S4 display additional group comparisons and 
post-hoc tests. Stratified by sex and age, significant dif-
ferences were observed between hospitalization and PCS 
score groups for female patients under 65 years of age 
(p = 0.035*) (Table S6). Post-hoc tests revealed significant 
differences between no vs. moderate (p = 0.013*), no vs. 
severe (p = 0.020*), and mild vs. severe PCS (p = 0.048*) 
(Table S7).

Correlation analyses showed a small but significant 
correlation between the PCS score and increasing BMI 
(p = 0.004*, rho = 0.121). This correlation was only 
present for females younger than 65 years (p = 0.001*, 
rho = 0.249) when stratified by sex and age. Similar 
effects were found for clinical severity at acute infection 
in general (p = 0.011*, rho = 0.104) and when stratified 
for female patients younger than 65 years (p = 0.002*, 
rho = 0.226). The number of pre-existing comorbidities 
increased as PCS score increased (p = 0.004*), but the 
effect size was small (rho = 0.116). When stratified by 
sex and age, the correlation was only significant for male 
patients (< 65 years: p = 0.006*, rho = 0.170; ≥ 65 years: 
p = 0.018*, rho = 0.229). The EQ-5D-5L index and VAS 
correlated significantly with increasing PCS score values 
at 3 and 12MFU (all p < 0.001*). This correlation had a 
strong negative effect (all rho ≤ -0.5) indicating a decreas-
ing QoL with increasing PCS score (Table S8).

Changes in PCS severity from 3 to 12 month 
follow‑up

Of the 603 patients who had a PCS score at 3MFU, 68.5% 
(n = 413) also had a PCS score at 12MFU. Among them, 
12.1% experienced a worsening in PCS severity by one 
or two groups (Fig. 2). Of those, 60.3% were male with a 
mean age of 57.2 years (SD = 16.8). The most frequently 
reported pre-existing comorbidity (mean 2.0 (SD = 2.0) 
was cardiovascular disease, which was present in 52.1% of 
patients. In contrast, patients whose PCS score improved 
over time (14.1%, 63.5% male) were younger (mean age 
49.9 years (SD = 14.6)) and had fewer comorbidities (mean 
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Definition of the Post‑COVID syndrome using a symptom‑based Post‑COVID score in a prospective,…
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1.5 (SD = 1.7) (Additional information in Table S9). At the 
12MFU, the most symptom complexes were fatigue, exer-
cise intolerance (representing dyspnea) and neurological 

ailments (indicating cognitive impairments). These symptom 
complexes had similar relative frequencies as at the 3MFU 
for both PCS scores with and without PROMs (Table S10).

Table 2  Symptom complexes with symptoms present for at least two months at the 3MFU visit as recommended by Bahmer et al. [14]

a no adjustment with patient reported outcome measures (PROMs)
b the percentages presented relate to the number of patients with available data (missing data: chemosensory deficits 80, Fatigue without/with 
PROMs 31/25, exercise intolerance without/with PROMs 114/81, joint or muscle pain 79, ENT ailments 72, coughing/wheezing 62, chest pain 
without/with PROMs 91/81, gastrointestinal ailments without/with PROMs 29/29, neurological ailments without/with PROMs 54/39, dermato-
logical ailments 82, infection signs 28, sleep disturbance without/with PROMs 0/0)

No Symptom complex Self-reported sub-symptoms Without 
PROMs

With
PROMs

n (%) n (%)

1 Chemosensory  deficitsa,b Smelling disturbance, impaired sense of taste 73 (9.4) 73 (9.4)
2 Fatigueb Fatigue 68 (8.3) 341 (41.1)
3 Exercise intolerance Shortness of breath 150 (20.3) 307 (39.7)
4 Joint or muscle  paina,b Muscle pain, joint pain 60 (7.7) 60 (7.7)
5 Ear-Nose-Throat (ENT)  ailmentsa,b Sneezing, sore throat, running nose, stuffy nose 37 (4.7) 37 (4.7)
6 Coughing,  wheezinga,b Coughing, wheezing 82 (10.4) 82 (10.4)
7 Chest  painb Chest pain 21 (2.8) 79 (10.2)
8 Gastrointestinal  ailmentsb Stomach pain, diarrhea, vomiting, nausea 38 (4.6) 74 (9.0)
9 Neurological  ailmentsb Confusion, vertigo, headache, deficits of cognition 98 (12.2) 321 (39.4)
10 Dermatological  ailmentsa,b Skin or mucous membrane change 12 (1.6) 12 (1.6)
11 Infection  signsa,b Chills, fever, feeling ill, lymph node swelling, loss of appetite 39 (4.7) 39 (4.7)
12 Sleep  disturbanceb Sleep disturbance, not elsewhere classified 0 (0.0) 140 (16.4)

Fig. 1  Presence of PCS at the 3MFU according to the PCS score by Bahmer et al. [14] with or without Patient Reported Outcome Measures 
(PROMs)
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Functional aspects

At the 3MFU, 28.9% of patients (n = 160) exhibited social 
deprivations, while 41.9% (n = 236) had functional defi-
ciencies. A group comparison between the PCS score and 
the selected PROMIS instruments revealed that only a few 
patients reported impairments without having a PCS accord-
ing to the PCS score. Specifically, 6.7% (n = 8) of patients in 
the “no PCS” group had functional deficiencies according 
to PROMIS-29, and 1.7% (n = 2) reported social depriva-
tion. Most of the patients’ impairments can be attributed 
to pre-existing comorbidities, primarily cardiovascular 

diseases (Table S11). For both instruments, the prevalence 
of impairments increased with PCS severity (Table 1). 
Correlation analysis also revealed a positive association 
between higher PCS score values and greater functional 
deficiencies (p < 0.001*, rho =−0.593) and social depriva-
tion (p < 0.001*, rho = 0.635) (Table S8).

Sensitivity analysis

Not considering missing data in symptom complexes may 
affect the results. We assessed the potential impact of miss-
ing data in a symptom complex by assigning 0 points in the 

Fig. 2  Changes in the severity of PCS scores between the 3MFU and the 12MFU
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PCS score. Our analysis revealed no major differences in the 
overall results compared to the main analyses (Table S12).

Discussion

Post-COVID is a major public health concern [31] affect-
ing both the individual’s QoL and society as a whole [15]. 
Applying the PCS score by Bahmer et al. in the cross-secto-
ral SUEP cohort of mostly hospitalized patients, our study 
showed differences in sex and QoL between PCS severity 
groups and significant correlations between PCS score and 
BMI, severity of acute infection, number of pre-existing 
comorbidities, and QoL. To adequately display the score in 
the SUEP cohort, we included PROMs in the score mapping. 
The calculation of the score identified 44.5% of patients with 
at least moderate PCS and 64.3% of patients with at least 
mild PCS outcome at 3MFU.

Other existing definitions, severity classification, 
and scoring systems for Post‑COVID

Ongoing endeavors are directed at characterizing and quanti-
fying PCS in cohort studies. These methodologies predomi-
nantly emphasize the assessment of symptoms, the QoL, and 
ability to perform daily activities [13–16, 32]. In addition to 
Bahmer et al.'s PCS score, there are other definitions with a 
different focus or distribution.

Derived from the National Institute of Health’s Research-
ing COVID to Enhance Recovery (RECOVER) in the United 
States, Thaweethai et al. sought to diagnose and identify 
PCS [15]. Their proposed symptom score attempts to 
diagnose PCS through a scoring system for 12 symptoms, 
selected for their specificity to PCS and differentiation from 
other causes of symptoms. Additionally, a cutoff for PCS 
positivity is established. A ORCHESTRA study by Genti-
lotti et al. [13] identified four clinical phenotypes in PCS: 
respiratory, chronic fatigue-like, neurosensory, chronic pain. 
PCS severity was assessed using the SF-36 questionnaire, 
which revealed diverse risk factors and impacts on QoL 
depending on the phenotype. Gentilotti et al. suggest that 
the PCS severity can be quantified based on the number of 
present clusters. Clustering approaches suggest that PCS 
may consists of multiple phenotypes and underlying patho-
mechanisms [13, 18].

In contrast, the PCS score by Bahmer et al. [14] focuses 
primarily on the severity and classification of PCS symp-
toms (see Methods for more information), but is not pri-
marily designed for diagnosis per se. Although this score 
was developed based on three sites and a large sample size, 
the study did not reach the number of neither sites, par-
ticipants, nor geographic heterogeneity of the RECOVER 
and ORCHESTRA studies. However, it has the advantage 

of being developed in a relatively large population-based 
sample and being designed as a potential marker of pro-
gression and possible outcome in clinical trials. We intro-
duced this score in the SUEP cohort to harmonize the 
definitions and research activities within the NAPKON 
consortium and to test the transferability in another sce-
nario. We have successfully demonstrated the clinically 
meaningful applicability of the PCS score in our study and 
contributed to the confidence of the score as a severity and 
classification tool.

Selection of data items for score mapping 
and clinical applicability

In the POP study, Bahmer et al. did not initially include 
PROMs in the score development, arguing that “Asking the 
questions necessary to calculate the PCS score should take 
no longer than a few minutes and is therefore easy to imple-
ment in clinical practice.” [14]. However, transferring the 
score to other studies introduces new complexities that are 
closely connected to the type of symptom assessment used 
in each study. The use of PROMs has relevant drawbacks, 
including limited availability, constrained clinical applica-
bility due to complexity, and practical barriers related to 
infrastructure and staff burden [33]. Nevertheless, PROMs 
also offer advantages such as confidence through validation, 
enhancing reliability compared to unstructured symptom 
inquiries, and objective measurements of patient percep-
tions. In our study, emphasizing the use of PROMs is essen-
tial to mitigate the potential underrepresentation of some 
symptoms (e.g., fatigue without PROMs 8.3%, with PROMs 
41.1%) [9, 13] due to differences in the assessment methods 
and a potentially inadequate questioning. As demonstrated 
by this heterogeneous symptom prevalence, we highlight the 
importance of a standardized approach to symptom assess-
ment, although this may reveal heterogeneous data quality. 
Consequently, in deriving implications and recommenda-
tions for other cohorts, it is crucial to consider that the PCS 
score will only be perceptible if either all relevant questions 
are already asked in some form or non-directly asked ques-
tions can be extracted from other parts of the dataset (e.g., 
PROMs). An initial evaluation of the frequency distribu-
tion of individual symptom complexes is important to assess 
the plausibility of approaches and ascertain whether fatigue 
might not be the predominant symptom.

First insights into the applicability of the PCS score 
and the quantification of PCS were demonstrated in a 
PCS outpatient clinic [34]. As the PCS score requires few 
resources (only one interview), it could be used at all lev-
els of patient care and can be easily implemented in a trial 
if it is integrated from the beginning.
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Clinical relevance, quality of life and functional 
assessments

Despite the varying methodologies adopted across different 
cohorts, there exists a consensus among most researchers 
and clinicians regarding the significance of evaluating PCS 
in conjunction with QoL and functional capacities [3]. They 
utilize diverse QoL measurements as correlates to arrive at 
an applicable and clinically meaningful PCS definition (e.g., 
PCS score: EQ-5D-5L, Gentilotti et al. definition: SF-36) 
[13, 14]. When applying the PCS score [14] to the SUEP 
cohort, we observed comparable correlations between QoL 
assessed by EQ-5D-5L, functional deficits, social participa-
tion, and the PCS severity.

Risk factors of PCS

Current research identifies female sex, increased age, pre-
existing comorbidities, acute severity, and obesity as the 
most important determinants for PCS [35]. Our results 
align with this overall picture, as we identified inter-class 
differences for sex and pre-existing respiratory diseases. The 
correlation analysis revealed that higher BMI and a greater 
number of comorbidities were associated with more severe 
PCS. Although the role of psychiatric comorbidities was 
a major finding in the POP study, our investigation only 
revealed a tendency towards group differences that did not 
reach statistical significance. This observation may be attrib-
uted to disparities in the composition of the study popula-
tion and the utilization of a smaller sample size. Although 
Bahmer et al. used other indicators of acute disease severity, 
such as number of symptoms, in a retrospective survey [14], 
we can confirm the correlation between acute severity based 
on the WHO progression scale, and higher PCS scores in the 
SUEP cohort. Especially the severity of the acute infection 
is a crucial factor in addressing PCS through either preven-
tive intervention (e.g., vaccination), risk stratification or 
derived therapeutic decisions (e.g., medication for high-risk 
patient groups). Vaccination is a key protective factor for 
acute severity [36, 37], but its effect on PCS varies across 
studies [38]. Out study contributes to the ongoing debate by 
showing no differences in vaccination between PCS groups. 
However, this work did not investigate the effects of the type 
and timing of vaccinations in depth.

Prevalence estimates and differentiation 
from pre‑existing conditions

Given the heterogeneous definitions and population charac-
teristics, the prevalence of PCS varies accordingly. Current 
literature mostly suggests a prevalence of PCS of 10–20% 

[3, 39], but studies describe a considerably range and risk of 
bias for prevalence estimates from 2–51% depending on the 
population studied, the hospitalization status at acute infec-
tion, and the PCS (severity) definition [9, 15, 35]. Bahmer 
et al. described the prevalence of “severe” PCS in the pop-
ulation-based cohort as 13–20% [14]. In the SUEP cohort, 
only 7.8% of patients had a severe PCS outcome accord-
ing to the score. However, we identified at least moderate 
PCS in 44.5% and at least mild PCS in 64.3% of patients at 
3MFU. Overall, the aggregated numbers appear to be rather 
high but still are in line with the literature, depending on 
the stratification and sensitivity. The observed discrepancies 
may be due to both the hospitalization rate (SUEP cohort: 
83.8%) and differences in study methodology and design 
[35, 40]. Specifically, the separation of “none “ and “mild “ 
PCS groups significantly shifts in prevalence. The selection 
of an appropriate threshold is related to the discussion of the 
clinical relevance and treatment requirements of individual 
symptoms and their effects on QoL and functional capacity.

The existing research on PCS is challenged to address 
several pre-existing conditions [35]. It is crucial to distin-
guish PCS from comorbidities and psychiatric disorders, 
as functional impairments can often be attributed to these 
conditions. A study that corrected for symptoms prior to 
COVID-19 infection identified approximately one in eight 
individuals in the general population as experiencing PCS 
symptoms [12]. However, the baseline value, which indi-
cated whether functional impairments were pre-existing, is 
often unavailable. Therefore, data analysis requires adjust-
ments to isolate the effects of comorbidities. We hypothesize 
that many studies do not sufficiently adjust for pre-existing 
conditions. Apart from checking the duration of symptoms 
according to the WHO definition, no further adjustment for 
comorbidities was performed in our analysis, but these com-
plexities should be addressed in the aftermath. Additionally, 
there may be other potential biases or explanations for the 
described symptoms, such as the Post-Intensive Care syn-
drome [41]. In summary, it is possible that we have overes-
timated the prevalence of PCS in the SUEP cohort.

Strengths and limitations

The symptom mapping and methodology were discussed 
by a large interdisciplinary group of researchers. Further-
more, our analysis is based on a multi-center, prospective 
cohort study with in-depth assessments at 3 and 12 months 
after the acute infection. It is important to note that there are 
some limitations to our study, including missing baseline 
values for PROMs and the fact that the type of symptom 
assessment used in the SUEP cohort was not specifically 
designed for the targeted score. Approximately only 40% 
of the patients recruited in the SUEP were included in our 
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analysis due to missing data at the 3MFU. An updated data 
export could potentially allow the analysis of more patients. 
The results indicate a low prevalence of high PCS among 
elderly patients (aged 65 years or older). Reasons for this 
may be that the respective patient group could not partici-
pate in the study or died before 3MFU, potentially limiting 
the generalizability of our results. Missing data were not 
handled using multiple imputation procedures. However, 
sensitivity analyses confirmed that there were no relevant 
differences between a complete case analysis and treating a 
missing symptom cluster as not present. This work focuses 
on the initial implementation of the PCS score in the SUEP 
cohort. Multivariable analyses were not aimed at in this 
study. Further analyses are needed to investigate the implica-
tions of risk factors and long-term outcomes of COVID-19.

Conclusion

In conclusion, this study emphasizes the importance of 
standardized definitions and further investigation of the 
clinical presentation of PCS. The study confirms the appli-
cability of the PCS score across health care settings for 
severity stratification and highlights its association with 
severity in acute infection. Furthermore, we demonstrated 
that the score generates clinically meaningful correlates of 
PCS and reflects patients ‘ functional status and quality of 
life. Hence, the score appears to be adequate to quantify the 
impact of symptoms and PCS severity. However, the high 
prevalence and score thresholds require further discussion. 
These findings are crucial for designing targeted studies on 
PCS pathogenesis, selecting high-risk patients for inclusion 
in clinical trials and clinical decision-making. Additionally, 
considering the impact of functional activity on social par-
ticipation and work ability is critical for a comprehensive 
assessment of PCS.

Materials/code availability

The code for PCS calculation will be made available in the 
 epicodr31, a R-package developed by the Epidemiology Core 
Unit, an infrastructure of the NUM Clinical Epidemiology 
and Study Platform (NUKLEUS). The data are accessible 
through the NAPKON Use and Access procedure (https:// 
napkon. de/ use- and- access/).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 024- 02226-9.
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