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Abstract

Purpose The influence of new SARS-CoV-2 variants on the post-COVID-19 condition (PCC) remains unanswered. There-
fore, we examined the prevalence and predictors of PCC-related symptoms in patients infected with the SARS-CoV-2 vari-
ants delta or omicron.

Methods We compared prevalences and risk factors of acute and PCC-related symptoms three months after primary infection
(3MFU) between delta- and omicron-infected patients from the Cross-Sectoral Platform of the German National Pandemic
Cohort Network. Health-related quality of life (HrQoL) was determined by the EQ-5D-5L index score and trend groups were
calculated to describe changes of HrQoL between different time points.

Results We considered 758 patients for our analysis (delta: n=341; omicron: n=417). Compared with omicron patients,
delta patients had a similar prevalence of PCC at the 3MFU (p=0.354), whereby fatigue occurred most frequently (n=256,
34%). HrQoL was comparable between the groups with the lowest EQ-5D-5L index score (0.75, 95% CI 0.73-0.78) at disease
onset. While most patients (69%, n=348) never showed a declined HrQoL, it deteriorated substantially in 37 patients (7%)
from the acute phase to the 3MFU of which 27 were infected with omicron.

Conclusion With quality-controlled data from a multicenter cohort, we showed that PCC is an equally common challenge
for patients infected with the SARS-CoV-2 variants delta and omicron at least for the German population. Developing the
EQ-5D-5L index score trend groups showed that over two thirds of patients did not experience any restrictions in their HrQoL
due to or after the SARS-CoV-2 infection at the 3MFU.

Clinical Trail registration The cohort is registered at ClinicalTrials.gov since February 24, 2021 (Identifier: NCT04768998).

Keywords Post-covid-19 condition - SARS-CoV-2 variants - Health-related quality of life - Multicenter prospective cohort
study

Abbreviations HrQoL Health-related quality of life
aOR Adjusted odds ratio NAPKON German National Pandemic Cohort
CI Confidence interval Network
COVID-19 Coronavirus Disease 2019 NUKLEUS NUM Clinical Epidemiology and Study
EQ VAS EQ visual analogue scale Platform
NUM Network University Medicine
PCC Post-COVID-19 condition
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Coronavirus 2

SUEP Cross-Sectoral Platform

WHO World Health Organization

3MFU 3-Months follow-up

Introduction

The emergence of new Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) variants poses constant new
challenges for clinicians and scientists, after the wild-type
variant initially predominated. The first SARS-CoV-2 vari-
ant of concern—Tlineage B.1.1.7, named “alpha”—was iden-
tified in autumn 2020 in the United Kingdom [1]. The sec-
ond SARS-CoV-2 variant of concern with a high impact in
Europe was the lineage B.1.617.2, called “delta” variant. It
was first identified in India in December 2020 and spread
rapidly and globally [2, 3]. In mid-July 2021, more than
95% of SARS-CoV-2 infections in Germany were caused
by the delta variant [4]. Since October 2021, the delta vari-
ant completely replaced the alpha variant in Germany [5].
In November 2021, a new SARS-CoV-2 variant appeared
in South Africa: the lineage B.1.1.529 — named “omicron”
variant [6]. Subvariants of the omicron variant are currently
still predominant in Germany [7].

In the acute phase of Coronavirus Disease 2019 (COVID-
19), both alpha and delta variants, were associated with a
higher risk for hospitalization [8§—10] and mortality [11-13]
compared to the wild-type variant. In contrast, as the omi-
cron variant spread, the number of hospital admissions
decreased and the acute disease courses were mostly less
severe [14-20] which was positively influenced by the
improved immunity due to increased vaccination rates and
previous infections. Acute symptoms like loss of smell and
taste, sneezing, runny nose, and brain fog were less com-
mon in patients infected with the omicron variant (“omicron
patients”) compared to the delta variant (“delta patients”)
[16, 21]. In contrast, sore throat appeared more often in omi-
cron than in delta patients.

After the acute phase of the COVID-19 disease, concern-
ing amounts of patients develop post-COVID-19 condition
(PCC) [22]. This usually appears within three months from
the symptom onset of the primary SARS-CoV-2 infection or
persists from the acute phase, lasts for at least two months,
and cannot be explained by an alternative diagnosis, as
defined by the World Health Organization (WHO) [23]. Fre-
quent symptoms of PCC include fatigue, dyspnea, and cogni-
tive impairment [24-26]. In addition, many other symptoms
have been described, which can be grouped e.g. in cardio-
vascular, neurological, respiratory, and musculoskeletal
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categories [27]. Pain, including manifestations like chest
pain [28] or headache [26], is also a frequently observed
PCC-related symptom [29, 30].

While many studies have addressed the general occur-
rence of the PCC, comparative analyses between variants,
especially the delta and omicron variant, are rare. Further-
more, extensive descriptions exist regarding the varied
effects of different variants on the acute phase of COVID-19
disease. However, there are many open questions regarding
the PCC depending on the SARS-CoV-2 variant.

In our study, we analyzed the prevalence and predictors
of acute and PCC-related symptoms in patients infected with
the delta or omicron variant. We investigated whether the
presence of acute symptoms was associated with PCC under
consideration of various co-factors three months after pri-
mary infection. In addition, we examined the change in the
Health-related quality of life (HrQoL) in the course of the
disease using the EQ-5D-5L, a validated questionnaire that
assesses five dimensions of health.

Methods
Study procedures
Patient recruitment

For our analysis, data from the Cross-Sectoral Platform of
the German National Pandemic Cohort Network (NAPKON-
SUEP) was used, which contains in- and outpatients from
German university hospitals as well as from non-university
hospitals and the ambulant sector [31]. Patients were pro-
spectively recruited within seven days after the day of posi-
tive SARS-CoV-2 detection, representing the baseline visit.
During the acute phase of infection, weekly study visits (for
in- and outpatients) and intervening documentation visits
(only for inpatients) took place to collect data on patient
status, vital and laboratory parameters. If infection-associ-
ated complications or clinical aggravation occurred, addi-
tional visits were conducted to assess severity and the cur-
rent patient status. For inpatients, the end of hospitalization
marked the end of acute phase. Here, a detailed study visit
took place. In the outpatient setting, the end of acute phase
was defined as 48 h without fever or no further aggravation
or complications for symptomatic patients. If patients were
asymptomatic, the end of acute phase visit took place five to
nine days after baseline visit or if no new aggravation of the
existing complications had occurred for seven days. In the
NAPKON-SUEP, the follow-up visits took place three and
12 months after primary infection with additional telephone
interviews every six weeks. For this analysis, we focused
on the 3-months follow-up (3MFU). Patients were either
examined and questioned in person in the study center (most
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of inpatient settings during acute phase) or questioned via
phone call (all outpatient settings during acute phase, some
inpatient settings during acute phase). Further details about
the visit structure of the NAPKON-SUEP were described
previously [32].

Recording of symptoms

In the acute phase, patients were directly asked for symp-
toms by the study personnel. For this analysis, the acute
symptoms were divided into four groups: (1) general symp-
toms including fever, loss of appetite, lymphadenopathy, diz-
ziness, headache, earache, chest pain, myalgia, arthralgia,
skin or mucosal changes, apathy, and limb pain; (2) res-
piratory symptoms including sore throat, rhinorrhea, nasal
congestion, sneezing, cough, dyspnea, and wheezing; (3)
neurological symptoms including olfactory disorder, taste
disorder, visual disorder, oculomotor disorders, aphasia,
neuralgia, ataxia, confusion, cognitive impairment, and
fatigue; and (4) gastrointestinal symptoms including abdom-
inal pain, nausea, vomiting, and diarrhea. At the 3MFU,
patients were asked three screening questions targeted to
pain, dyspnea, and fatigue to assess common PCC-related
symptoms. Thereby patients were asked for any sort of pain
without further distinctions in the type or localization of the
pain. The EQ-5D-5L and the EQ visual analogue scale (EQ
VAS) were used to detect HrQoL by Patient Reported Out-
come Measures (PROMs) and were recorded at baseline, at
the end of the acute phase and at the 3MFU. The EQ-5D-5L
index scores were calculated according to the German Value
Set for the EQ-5D-5L with ranges between — 0.661 (extreme
problems in all 5 dimensions) and 1 (no problems in any
dimension) [33, 34].

Since attribution of symptoms to either PCC or other
health conditions is unreliable in an epidemiological set-
ting, we created groups of patients with different trends
of EQ-5D-5L index scores. We hypothesized that patients
with actual PCC would have a further decrease in HrQoL
after recovery from acute symptoms of infection. To test
our hypothesis, EQ-5D-5L index score trends between the
baseline and the end of the acute phase, as well as between
the end of the acute phase and the 3MFU were calculated.
We defined that an increase of the EQ-5D-5L index scores
of at least 0.2 between the respective time points denotes an
upward trend of the HrQoL and a decrease of at least 0.2 a
downward trend. Index scores in between were considered
constant. This categorization resulted in nine trend groups.

Selection of the cohort
For this analysis, we preselected adults that were infected

with the SARS-CoV-2 variants delta or omicron and had
a quality-reviewed documentation of the 3MFU (Fig. 1).

If available, SARS-CoV-2 sequencing results were used
to categorize the patients with regard to the SARS-CoV-2
variant of concern. Based on the fact that between July 19,
2021 and December 06, 2021, over 95% of the patients in
Germany were infected with the delta variant according to
the data of the Robert Koch-Institute (RKI), patients without
a SARS-CoV-2 sequencing during that time were assigned
to the delta variant [4]. The RKI is the central public health
institute in Germany. As of January 17, 2022, more than
95% of SARS-CoV-2 positive patients were infected with
the omicron variant in Germany [35]. Therefore, patients
without a SARS-CoV-2 sequencing result and a positive
SARS-CoV-2 swab since that date were grouped as omicron
patients. No distinction was made between the subvariants
of omicron. Patients that were primarily infected between
December 07, 2021 and January 16, 2022, were excluded if
no SARS-CoV-2 sequencing results were available.

Statistical analysis

The data was processed and analyzed using R (R version
4.1.0 (2021-05-18)) [36]. The data preparation was carried
out using the R package epicodr [37].

Descriptive statistics

Patient characteristics and underlying symptoms were pre-
sented as percentages and absolute numbers for categori-
cal variables, while continuous variables were presented as
means (95% confidence intervals =95% CI) for continuous
variables. Age was presented as median (range).

Statistical significance was shown using the Pearson’s chi
square test, Mann—Whitney U Test or Student’s t test (two-
sided), as appropriate, with p <0.05 as significance level.

Logistic regression models

Logistic regression analyses were performed using maximum
likelihood estimation using the R function glm (Package stats
version 4.1.0). To examine the risk of acute and PCC-related
symptoms according to the underlying variant, we employed
multivariable logistic regression analyses, providing adjusted
odds ratios (aOR) that elucidate the association between each
symptom and the likelihood of the underlying variant. Fur-
thermore, multivariable logistic regression analyses were per-
formed to compare and predict the probability of the occur-
rence of the PCC-related symptoms pain, dyspnea, and fatigue.
We included all baseline characteristics that showed significant
levels of p<0.1 in the univariate analyses between delta and
omicron patients as co-variables into these multivariable mod-
els (Supplementary Table 1). Further, the SARS-CoV-2 vari-
ant itself and the acute symptoms were added as independent
variables. The amounts of missing data for each variable are
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Fig.1 Study flow chart designed by Biorender; *includes (1) patients
sequenced for other than delta or omicron variant or patients tested
positive (2) before 2021-07-19 or (3) between 2021-12-06 and 2022-

shown in Supplementary Table 2. For the logistic regression
analyses, we performed a complete case analysis and excluded
those with missing data.

Literature search on post-COVID-19
condition-related symptoms in delta and omicron
patients

A current literature search comparing PCC-related symptoms
in delta and omicron patients was performed (criteria men-
tioned in Supplementary Table 3 are in concordance with a
recent systematic literature review [38]). All studies published
until November 9, 2023 were considered. The search yielded
354 hits, of which 20 were identified as matching and 18 were
relevant to the discussion.
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Patients infected with
omicron variant
n=417

01-17 without sequencing for the underlying SARS-CoV-2 variant;
**patients either died or were lost to follow-up

Results
Overview of the cohort

In the NAPKON-SUEP, between November 4, 2020 and
July 25, 2023, 2,747 SARS-CoV-2 patients were enrolled.
By July 26, 2023, 2,370 of these patients across 25 uni-
versity and seven non-university hospitals as well as 11
local medical practices had a quality-reviewed documen-
tation available. After pre-selection of the cohort, we
identified 758 patients who were infected either with the
SARS-CoV-2 variant omicron (n=417) or delta (n=341)
(Fig. 1). In 27.3% (n=208) of these patients, the SARS-
CoV-2 variant was assigned by existing PCR sequencing
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Table 1 Clinical characteristics at baseline of all patients infected with the SARS-CoV-2 variants delta and omicron are presented as n (%) for
categorical variables, mean (95% confidence interval) for continuous variables, and median (range) for age

Delta (n=341) Omicron (n=417) p value Total cohort (n="758)
Sex 0.079*
Female 128 (37.5%) 184 (44.1%) 312 (41.2%)
Male 213 (62.5%) 233 (55.9%) 446 (58.8%)
Age in years 49 (18-91) 57 (18-93) <0.001%:* 53 (18-93)
BMI 27.9 (27.1-28.6) 26.2 (25.6-26.8) <0.007 %% 26.9 (26.4-27.4)
Ethnicity 0.015%*
African 72.1%) 3(0.7%) 10 (1.3%)
Arabic 13 (3.8%) 2 (0.5%) 15 2.0%)
Asian 2 (0.6%) 1(0.2%) 3(0.4%)
Caucasian 296 (86.8%) 372 (89.2%) 668 (88.1%)
Latin American 2 (0.6%) 1(0.2%) 3(0.4%)
Others 2 (0.6%) 3(0.7%) 5(0.7%)
Smoking status 0.063*
Active smoker 31 (9.1%) 62 (14.9%) 93 (12.3%)
Former smoker 100 (29.3%) 140 (33.6%) 240 (31.7%)
Nonsmoker 180 (52.8%) 208 (49.9%) 388 (51.2%)
At least one SARS-CoV-2 vaccinations 204 (59.8%) 385 (92.3%) <0.001* 589 (77.7%)
Maximum reached WHO Progression Scale value <0.001*
Mild disease 98 (28.7%) 154 (36.9%) 252 (33.2%)
Moderate disease 155 (45.5%) 231 (55.4%) 386 (50.9%)
Severe disease 39 (11.4%) 6 (1.4%) 45 (5.9%)
Comorbidities
Pulmonary disease 44 (12.9%) 83 (19.9%) 0.015% 127 (16.8%)
Cardiovascular disease 130 (38.1%) 195 (46.8%) 0.024%* 325 (42.9%)
Hematological and/or oncological disease 52 (15.2%) 99 (23.7%) 0.006* 151 (19.9%)
Liver disease 18 (5.3%) 27 (6.5%) 0.594%* 45 (5.9%)
Kidney disease 38 (11.1%) 43 (10.3%) 0.812%* 81 (10.7%)
Neurological disease 40 (11.7%) 71 (17.0%) 0.056* 111 (14.6%)
Diabetes mellitus I or II 46 (13.5%) 54 (12.9%) 0.895%* 100 (13.2%)

*=Pearsons chi square test; ** =Mann Whitney U test. *** =Student’s 7 test. p < 0.05 =significant (in bold). BMI Body mass index
“At least one SARS-CoV-2 vaccination” is related to the time before the COVID-19 infection

results. The diagnosis date of the delta patients ranged
from April 16, 2021 to January 20, 2022. Omicron patients
were initially diagnosed between December 13, 2021
and April 25, 2023. The median age of all patients was
53 years (range 18-93) and 41.2% (n=312) were female
(Table 1). The severity of the acute disease course was
determined by the highest value reached according to the
WHO Clinical Progression Scale [39]. Most of the patients
experienced a moderate disease (50.9%, n=2386), followed
by a mild (33.2%, n=252) and severe (5.9%, n=45) dis-
ease — with significant group differences between delta
and omicron patients (p <0.001). Delta patients showed
more severe acute SARS-CoV-2 infections than omicron
patients. Furthermore, delta and omicron patients signifi-
cantly differed in terms of age, body mass index (BMI),

ethnicity, vaccination status, and several underlying
comorbidities (Table 1).

Symptoms in the acute phase of SARS-CoV-2
infection

In the acute phase of COVID-19 disease, general and respir-
atory symptoms appeared frequently in all patients (78.0%,
n=591 and 79.2%, n=600, Fig. 2a). Compared with omi-
cron patients, delta patients had significantly more general
(75.3%, n=314 vs. 81.2%, n=277; p=0.043) and neuro-
logical (24.2%, n=101 vs. 46.9%, n=160; p<0.001) symp-
toms. At the same time, the frequency of respiratory (79.5%,
n=271, vs. 78.9%, n=329; p=0.768) and gastrointestinal
symptoms (31.4%, n=107 vs. 25.7%, n=107; p=0.079)
did not differ significantly between the delta and omicron
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Fig.2 Description of acute and post-COVID-19-condition (PCC)-
related symptoms in patients infected with the SARS-CoV-2 variants
delta (n=341) and omicron (n=417). The acute symptoms were cat-
egorized into general, respiratory, neurological, and gastrointestinal
symptoms. Patient Reported Outcome Measures (PROMs) were used
to ask the patients for fatigue, pain, and dyspnea at the 3-months fol-
low-up (3MFU). In addition, the number of patients who had at least
one of the three PCC-related symptoms was detected (any of the 3).
The bar graphs show the symptom prevalence in the acute disease

patients, respectively. Regarding the multivariable regres-
sion, we found that delta patients presented more likely with
neurological symptoms in the acute phase than omicron
patients (aOR 2.84, 95%-CI 2.06-3.93, p<0.001, Fig. 2c).

Prevalence of post-COVID-19 condition-related
symptoms at the 3-months follow-up

Three months after primary infection, patients were
asked for pain, dyspnea and fatigue. Fifty-one percent
of all patients reported at least one of the three symp-
toms (Fig. 2b). The prevalence did not differ significantly
between delta and omicron patients (45.7%, n=156 vs.
54.7%, n=228; p=0.354). Among all patients, fatigue was
the most frequently reported symptom (33.8%, n=256),
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course (a) and at the 3MFU (b). Significance levels between delta
and omicron patients were computed using Pearsons chi square test,
p <0.05=significant. The associations between the acute symptoms
(n="735 after deletion of patients with missing data) (c) and the PCC-
related symptoms at the 3MFU (n=691 after deletion of patients with
missing data) (d) and the underlying SARS-CoV-2 variant were cal-
culated with a multivariable logistic regression model. Adjusted odds
ratios and 95% confidence intervals (95%-CI) were determined to
compare delta with omicron patients

followed by pain (31.8%, n=241) and dyspnea (24.4%,
n=185). Similarly, the multivariable logistic regression
did not show a significantly different risk for the occur-
rence of PCC-related symptoms according to the under-
lying SARS-CoV-2 variant (Fig. 2d). Patients treated as
outpatients during the acute course had fewer PCC-related
symptoms than hospitalized patients, although no signifi-
cant differences were observed between the underlying
SARS-CoV-2 variants (Supplementary Fig. 1 a-b). Patients
aged 60 or older reported more PCC-related symptoms
than patients under 60 years old. Among younger patients
(18-59 years), significantly more delta than omicron
patients had dyspnea at the 3MFU (Supplementary Fig. 1
c—d).
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Table 2 Associations between symptoms in the acute phase and the
presence of pain (n=537 patients after deletion of patients with miss-
ing data), dyspnea (n=536 patients after deletion of patients with

missing data), and fatigue (n=532 patients after deletion of patients
with missing data) at the 3-months follow-up

Pain Dyspnea Fatigue
aOR (95% CI) p value aOR (95%-CI) p value aOR (95%-CI) p value

SARS-CoV-2 variant of concern

Omicron ref ref ref ref ref ref

Delta 0.85 (0.53-1.33) 0.468 0.94 (0.56-1.56) 0.821 1.08 (0.69-1.70) 0.734
Symptoms in the acute phase

General 1.61 (0.96-2.77) 0.078 0.67 (0.38-1.20) 0.175 1.26 (0.75-2.14) 0.387

Respiratory 1.13 (0.69-1.88) 0.623 2.47 (1.35-4.68) 0.004 2.38 (1.41-4.13) 0.001

Gastrointestinal 2.23 (1.46-3.43) <0.001 1.73 (1.07-2.78) 0.024 1.84 (1.20-2.82) 0.005

Neurological 1.58 (1.03-2.42) 0.035 1.44 (0.89-2.33) 0.132 1.29 (0.84-1.97) 0.240
Baseline characteristics

Male 0.74 (0.50-1.11) 0.143 0.96 (0.61-1.53) 0.879 0.82 (0.55-1.22) 0.328

Age 1.01 (0.99-1.02) 0.213 1.01 (0.99-1.03) 0.135 0.99 (0.98-1.01) 0.436

Body mass index 1.08 (1.04-1.12) <0.001 1.04 (1.00-1.08) 0.044 1.02 (0.99-1.06) 0.206

Active smoker 1.23 (0.69-2.16) 0.474 1.52 (0.79-2.87) 0.197 1.30 (0.74-2.27) 0.362

At least one SARS-CoV-2 vaccination 1.27 (0.74-2.21) 0.382 1.09 (0.60-2.00) 0.787 1.63 (0.94-2.86) 0.084

WHO Progression Scale phase 1.62 (1.10-2.40) 0.015 2.35 (1.52-3.69) <0.001 1.81 (1.24-2.68) 0.003

Pulmonary disease 1.17 (0.70-1.92) 0.545 3.03 (1.80-5.10) <0.001 1.59 (0.97-2.63) 0.067

Cardiovascular disease 0.94 (0.58-1.52) 0.803 1.46 (0.86-2.48) 0.160 1.00 (0.62-1.62) 0.993

Hematological/oncological disease 1.07 (0.65-1.76) 0.780 0.91 (0.52-1.55) 0.720 1.28 (0.78-2.10) 0.322

Neurological disease 1.58 (0.94-2.66) 0.083 0.94 (0.53-1.66) 0.843 1.76 (1.04-2.98) 0.035

Results from multivariable logistic regression models displayed with adjusted odds ratios (aOR) and 95% confidence intervals (95% CI). Base-
line characteristics with significant differences between delta and omicron patients in the univariate regression model were included as co-fac-

tors. In binary variables, no reference was indicated. A p value <0.05 indic

Associations between symptoms in the acute
phase and the presence of post-COVID-19
condition-related symptoms at the 3-months
follow-up

Results of multivariable regression models on the risk
for PCC-related symptoms are demonstrated in Table 2.
Patients with acute gastrointestinal (aOR 2.23, 95%
CI 1.46-3.43, p<0.001) and neurological (aOR 1.58,
95% CI1.03-2.42, p=0.035) symptoms had a higher risk
to experience pain as PCC-related symptom. In contrast,
acute general and respiratory symptoms did not affect
the risk for pain at the 3MFU. The risk for PCC-related
pain and dyspnea was further increased by a higher body
mass index, respectively (aOR 1.08, 95% CI 1.04-1.12,
p<0.001; aOR 1.04, 95% CI 1.00-1.08, p=0.044).

The occurrence of respiratory and gastrointesti-
nal symptoms in the acute phase of COVID-19 disease
resulted in a higher risk of dyspnea (aOR 2.47, 95%
CI 1.35-4.68, p=0.004; aOR 1.73, 95% CI 1.07-2.78,
p=0.024) and fatigue (aOR 2.38, 95% CI 1.41-4.13,
p=0.001; aOR 1.84, 95% CI 1.20-2.82, p=0.005)
at the 3MFU, respectively. Patients with pulmonary

ates a significant difference (in bold)

comorbidities demonstrated a significantly higher risk
for PCC-related dyspnea (aOR 3.03, 95% CI 1.80-5.10,
p <0.001) while those with neurological comorbidities
had a significantly higher risk for PCC-related fatigue
(aOR 1.76, 95% CI 1.04-2.98, p=0.035). A higher value
on the WHO Progression Scale during the acute phase
significantly raised the risk for pain, dyspnea, and fatigue
at the 3MFU. The presence of the delta or omicron variant
did not have a significant influence on the prevalence of
PCC-related symptoms.

Evaluating the severity of post-COVID-19 conditions

HrQoL indicator analysis is demonstrated in Table 3. With
0.75 (95% CI 0.73-0.78), the EQ-5D-5L index score was
lowest at the beginning of the COVID-19 disease, indicating
the greatest impairment for the patient. On average, delta
and omicron patients showed signs of recovery until the end
of the acute phase with a mean EQ-5D-5L index score of
0.85 (delta: 95% CI 0.82-0.88; omicron: 95% CI 0.82-0.87).
With regard to the EQ-VAS, both groups improved steadily
from the onset of the COVID-19 disease to the 3MFU.

In the next step, trend groups were calculated to describe
the EQ-5D-5L index score changes between the baseline
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Table 3 Differences in

. Delta Omicron p value 1 p value 2

EQ-5D-5L index scores

between delta (n=341) and Mean (95% CI) Mean (95% CI)

omicron (n=41.7).pa?tlents ét EQ-5D-5L index scores

three different visit time points
At baseline 0.74 (0.69-0.78) 0.76 (0.73-0.79) 0.360 0.338
At end of acute phase 0.85 (0.82-0.88) 0.85 (0.82-0.87) 0.513 0.988
At 3-months follow-up 0.86 (0.84-0.89) 0.84 (0.81-0.86) 0.452 0.200

EQ-VAS scores

At baseline 59.6 (56.8-62.4) 62.4 (60.0-64.7) 0.075 0.136
At end of acute phase 69.8 (67.1-72.6) 72.6 (70.4-74.8) 0.122 0.122
At 3-months follow-up 78.1 (76.0-80.1) 75.8 (73.6-77.9) 0.482 0.135

Since we do not assume a normal distribution of the index scores, significance levels between delta and
omicron patients were computed using Mann Whitney U test (p value 1) and Student’s ¢ test (p value 2)
with p <0.05 =significant. The results were similar and showed no significant values respectively. 95% CI

95% confidence interval

and the end of the acute phase, as well as the end of the
acute phase and the 3MFU (Table 4). Most patients (69.0%,
n=348) never showed a decline of HrQoL after baseline and
remained in a high HrQoL group from baseline to 3MFU
(trend group 1). The second most frequent trend group
(trend group 2) observed were patients who—after an ini-
tially impaired HrQoL (mean EQ-5D-5L index score 0.36,
95% CI 0.29-0.43)—improved by the end of the acute phase
(mean EQ-5D-5L index score 0.86, 95% CI 0.82-0.90), fol-
lowed by a consistently high HrQoL at the 3MFU (mean
EQ-5D-5L index score 0.88, 95% CI 0.84-0.93).

For 37 patients (7.3%), the HrQoL deteriorated sub-
stantially from the acute phase to the 3MFU (trend
groups 7, 8, 9). Compared to the patients in trend groups
one to six, these trend groups were characterized by sig-
nificantly older patients in median (62 years, range 20—85
vs. 50 years, range 18-92; p=0.008), but a similar amount
of omicron patients (73%, n=27/37 vs. 61%, n=284/467,
p=0.197). Furthermore, patients of trend groups seven to
nine suffered from significantly more PCC-related pain
(68%, n=25/37 vs. 27%, n=126/467; p<0.001), fatigue
(54%, n=20/37 vs. 30%, n=139/467; p=0.006), and dysp-
nea (43%, n=16/37vs. 19%, n=87/467; p=0.001) at the
3MFU than patients of the other trend groups.

Discussion

In our study, we analyzed potential differences in the occur-
rence of PCC-related symptoms between patients infected
with the delta and the omicron variant. As this was the main
focus of our analysis, we just described the acute symptoms
of the pre-selected cohort of patients with existing 3MFU.
In the acute phase of the COVID-19 disease, delta patients
in our cohort suffered from more symptoms than omicron
patients, especially regarding general and neurological acute
symptoms. We found that occurrence of acute respiratory,
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neurological, and gastrointestinal symptoms was predictive
for PCC-related finding at 3MFU. However, the underly-
ing variant responsible for acute symptoms had no signifi-
cant effect on the occurrence of PCC. Our results of the
symptoms in the acute phase of COVID-19 disease match
with previous studies on the differences between the SARS-
CoV-2 variants delta and omicron [16, 21]. For example, a
prospective observational study from the United Kingdom
showed that the neurological symptoms loss of smell and
loss of taste were less common in omicron than in delta
patients [16]. It must be noted that in our analysis, patients
with severe illnesses in the acute phase and subsequent
deaths were not considered as only patients with existing
3MFU were included.

Preliminary studies on earlier SARS-CoV-2 variants
showed that differences in the prevalence of PCC-related
symptoms may be present depending on the virus variant:
PCC-related symptoms of the group of neurological and
cognitive/emotional categories appearing four to 12 weeks
after primary infection were found to differ in SARS-CoV-2
infected patients, if the wild-type variant compared to the
alpha variant was prevalent [40]. Patients infected in the first
wave of COVID-19 in early 2020 (historical cohort) expe-
rienced more PCC-related dyspnea than patients infected
with the alpha or delta variant six months after SARS-CoV-2
infection. At the same time, the prevalence of PCC-related
fatigue was not affected by these variants [41]. Our analysis
confirmed that fatigue at the 3MFU was equally frequent
in delta and omicron patients. However, this was also the
case for dyspnea, which distinguished it from the mentioned
studies comparing earlier SARS-CoV-2 variants underlining
that infections with the delta and omicron variant had similar
effects on PCC. Only among the younger patients (18-59
years) we observed significantly more dyspnea at the 3MFU
in delta compared to omicron patients.

In addition to fatigue as the most common PCC-related
symptom, pain is frequently reported [38]. A comparison
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Table 4 The EQ-5D-5L index score changes between baseline and end of acute phase, as well as end of acute phase and 3-months follow-up

(B3MFU) were categorized into trend groups

(EliE D L, () Mean EQ-5D-5L index scores (95%-Cl) ia(i/‘:f p-value
at baseline at end acute at 3-months
phase follow-up
1 (const-const) 0.89 (0.87-0.90) | 0.91(0.89-0.93) | 0.93(0.92-0.95) | 348 (69.0)
Delta 0.87 (0.84-0.90) | 0.90 (0.87-0.93) | 0.93(0.90-0.96) | 136 (70.5) 0.657
Omicron 0.90 (0.88-0.92) | 0.92(0.90-0.93) | 0.93(0.92-0.95) | 212 (68.1) '
2 (up-const) 0.36 (0.29-0.43) | 0.86 (0.82-0.90) | 0.88 (0.84-0.93) 74 (14.7)
Delta 0.31(0.19-0.43) | 0.86(0.81-0.90) | 0.91 (0.87-0.94) 30 (15.5)
Omicron 0.39 (0.30-0.47) | 0.86 (0.79-0.92) | 0.87 (0.80-0.94) 44 (14.1) 0763
3 (down-const) 0.60 (NA) 0.30 (NA) 0.40 (NA) 3 (0.6)
Delta 0.62 (NA) 0.28 (NA) 0.40 (NA) 1(0.5)
Omicron 0.59 (NA) 0.31 (NA) 0.40 (NA) 2(0.6) NA
4 (const-up) 0.41 (0.27-0.55) | 0.38 (0.23-0.53) | 0.79 (0.70-0.89) 20 (4.0)
Delta 0.54 (0.28-0.80) | 0.50(0.25-0.75) | 0.88 (0.77-0.99) 8 (4.1)
Omicron 0.33 (0.15-0.50) | 0.31(0.10-0.51) | 0.74 (0.59-0.88) 12 (3.9) !
5 (up-up) 0.01 (-0.19-0.22) | 0.50 (0.35-0.65) | 0.85 (0.74-0.96) 13 (2.6)
Delta 0.15 (-0.22-0.52) | 0.50 (0.17-0.83) 0.78 (0.47-1.0) 5 (2.6) ]
Omicron -0.07 (-0.36-0.22) | 0.50 (0.29-0.72) | 0.89 (0.79-0.99) 8 (2.6)
6 (down-up) 0.74 (0.60-0.89) | 0.18 (-0.10-0.46) | 0.76 (0.62-0.91) 9 (1.8)
Delta 0.62 (NA) 0.06 (NA) 0.61 (NA) 3(1.6) ]
Omicron 0.81(0.71-0.90) | 0.25(-0.12-0.62) | 0.84 (0.74-0.93) 6 (1.9)
7 (const-down) 0.87 (0.79-0.95) | 0.89 (0.81-0.97) | 0.48 (0.32-0.65) 22 (4.4)
Delta 0.95 (0.92-0.98) | 0.97 (0.96-0.99) | 0.62 (0.48-0.76) 8 (4.1) ]
Omicron 0.83 (0.70-0.95) | 0.85(0.73-0.97) | 0.41(0.16-0.65) 14 (4.5)
8 (up-down) 0.30 (0.13-0.48) | 0.78 (0.64-0.93) | 0.28 (0.10-0.45) 12 (2.4)
Delta 0.37 (NA) 0.74 (NA) 0.40 (NA) 2 (1.0)
Omicron 0.29 (0.10-0.48) | 0.79 (0.63-0.94) | 0.25 (0.08-0.42) 10 (3.2) 0208
9 (down-down) 0.83 (NA) 0.51 (NA) -0.22 (NA) 3 (0.6)
Delta NA NA NA 0 (0) NA
Omicron 0.83 (NA) 0.51 (NA) -0.22 (NA) 3(1.0)

With regard to each single patient, an improvement of at least 0.2 describes an upward trend (“up”), a deterioration of at least 0.2 a downward
trend (“down”), in between the trends are considered constant (“const”). The first trend given describes the trend between the baseline visit
and the end of the acute phase, the second between the end of the acute phase and the 3MFU. Means of EQ-5D-5L index scores are shown for
the respective trend groups, subdivided into all (n=504), delta (n=193) and omicron (n=311) patients. Only patients without missing data at
each time point (baseline, end acute phase, 3MFU) were considered. Significance levels between delta and omicron cases were computed using
Pearsons chi square test, p <0.05 =significant. 95% CI 95% confidence interval. If the case number was less than 4, no confidence intervals were

calculated (indicated as NA)

between a historical, alpha and delta cohort revealed a simi-
lar prevalence of de novo musculoskeletal pain six months
after primary infection [42]. In our analysis, we were able to
demonstrate an equally frequent occurrence of PCC-related
pain comparing delta and omicron patients three months
after infection.

Literature reveals that the prevalence of PCC-related
symptoms between patients infected with the delta and
omicron variant differed between published studies: (1) The
first part of the studies showed fewer PCC-related symptoms

in omicron patients compared to those infected with other
SARS-CoV-2 variants [43-46]. For example, one of the first
comparisons in delta and omicron patients showed that over-
all, omicron patients had a decreased risk of PCC-related
symptoms, compared to delta patients with no distinction
in the type of symptoms [47, 48]. This was also shown in a
Spanish study in which omicron patients had significantly
fewer PCC-related symptoms than alpha or delta patients at
least 12 weeks after primary infection [49] . In a subgroup
of hematological patients, the risk of PCC-related symptoms
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decreased from a historical cohort to alpha, delta and omi-
cron patients [50]. In contrast to these studies, we found no
significant differences in the prevalence of PCC between
delta and omicron patients in our cohort at the 3MFU. This
could be explained by the fact that part of the mentioned
studies represented specific subpopulations whereas in our
study, a broad group of adult patients (18 to 93 years with
different comorbidities) was investigated. In addition, the
time of PCC occurrence differed between the studies which
made comparability impossible. We performed subgroup
analyses with regard to the hospitalization status and age.
There were no differences in the prevalence of PCC-related
symptoms between delta and omicron patients in the sub-
groups of outpatients, hospitalized and elderly (> 60 years)
patients. In contrast, among younger patients (18-59 years),
significantly more delta than omicron patients reported dysp-
nea at the 3MFU. (2) The second part of the studies reported
no differences between the prevalence of PCC of omicron
patients compared to patients infected with other variants.
For example, a pooled data analysis of population-based
cohorts in Switzerland could not detect any differences in
patterns of the PCC-related symptom clusters (systemic,
neurocognitive, cardiorespiratory, and musculoskeletal
symptom clusters) across patients infected with wildtype
SARS-CoV-2 as well as delta and omicron variants [51] .
A systematic literature review up to July 2022 revealed that
PCC-related symptoms did not differ depending on the vari-
ous virus variants [52]. This was confirmed by data from
prospective studies in Norway [53], South Africa [54], and
the United States [55], as well as by a retrospective study
from Hungary [56]. We found one study that examined PCC-
related symptoms 1.5 years after the primary infection [57].
The majority of these patients showed no improvement in
the severity of PCC, independent of the SARS-CoV-2 vari-
ants (wild-type, alpha, delta, and omicron). According to
the results of the studies mentioned under (2), we could not
detect any significant differences in PCC-related symptoms
between delta and omicron patients. Our results stand out
from the mentioned studies by the fact that our data was
collected quality controlled from a prospective multicenter
cohort conducted in entire Germany.

In an attempt to better separate general health condi-
tions unrelated to the SARS-CoV-2 infection from attribut-
able PCC-related symptoms, we took a unique approach of
grouping related trends in HrQoL from the acute phase of
COVID-19 disease over the recovery up to the 3MFU, using
EQ-5D-5L index scores. We were able to show that over
two thirds of patients did not experience any restrictions
in their HrQoL due to or after the SARS-CoV-2 infection
three months after primary infection compared to the mean
EQ-5D-5L index score of 0.88 of a representative German
adult population [34, 58] . Nevertheless, at the same time,
around half of the patients reported to experience at least
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one of the PCC-related symptoms fatigue, pain or dyspnea.
This finding suggests that despite perceiving symptoms, an
impairment in HrQoL is not always present, but may also
hint at pre-existing conditions that patients have become
accustomed to and are not perceived as limiting HrQoL. The
trend groups also revealed that approximately 7% (n=37)
of the patients experienced a deterioration of their HrQoL
after the acute illness, with slightly more omicron than delta
patients affected.

Despite highest effort in setting up and conducting the
cohort [31, 32], our study is limited by missing data, mostly
based on delayed introduction of some data items relevant
for this analysis over the course of the recruitment. Further-
more, no subdivision of the results into the different omicron
subtypes was possible, as variant sequencing was no longer
conducted in Germany at the time. For this reason, we partly
had to base the assumption of the infecting variant on the
distributions in Germany according to the weekly reports of
the RKI. Apart from the SARS-CoV-2 vaccination status,
we had no information on secondary SARS-CoV-2 infec-
tions or on the COVID-19 serology prior to the documented
infection.

Conclusion

Our results from a large prospective multicenter and cross-
sectoral cohort showed that patients infected with the SARS-
CoV-2 variant omicron had fewer symptoms in the acute
phase of COVID-19 disease than delta patients. However,
after controlling for established risk-factors, both variants
lead to equally frequent PCC-related symptoms. We were
able to demonstrate that despite the change in SARS-CoV-2
variants and thus reduced acute disease severity, PCC-
related symptoms were an equally common challenge for
both variants. Furthermore, we found that a reported PCC-
related symptom, detected in 51% of all patients, did not
necessarily indicate impairment in everyday life as over two
thirds of all patients did not experience any restrictions in
their HrQoL. It was generally difficult to assess the severity
of individual PCC-related symptoms, which may also be
an indicator of over-diagnosis of PCC based on established
criteria.
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