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Abstract

Purpose Lack of a control group(s) and selection bias were the main criticisms of previous studies investigating the preva-
lence of post-coronavirus disease 2019 (COVID-19) syndrome (PCS). There are insufficient data regarding paediatric PCS,
particularly in the SARS-CoV-2 Omicron era. As such, our study investigated PCS-associated symptoms in a representative
control-matched cohort.

Methods This multicentre, cross-sectional, cohort study within the “Immunebridge” project of the German Network Uni-
versity Medicine (NUM) recruited children and adolescents (five to 17 years old) between July and October 2022. Children
with polymerase chain reaction-confirmed SARS-CoV-2 infection in 2022 (COVID-19 group) were compared with those
without history of SARS-CoV-2 infection and negative for SARS-CoV-2 antibodies. Queries included vaccinations, quality
of life (QoL), and mental and physical symptoms potentially associated with PCS in the previous three months. An additional
composite item, “physical performance”, was created from the responses.

Results The number of children with > 1 PCS symptom(s) was comparable between the COVID-19 (n=114 [62.1%]) and
control (n=66 [64.9%]) groups. Concentration disorders were reported more frequently in the COVID-19 group (12.3%
versus 1.5%; p=0.012) and “physical performance” was significantly impaired (p =0.016) regardless of age, sex, and SARS-
CoV-2 vaccination. The frequencies of other symptoms were similar in both groups. The COVID-19 group rated their fitness
as worse, with otherwise equal QoL ratings regarding general and mental health.

Conclusion: Children with and without previous infections did not differ in most PCS-associated symptoms. Exceptions
included physical performance and cognitive problems, which appeared to be more impaired after Omicron infection than
in controls.

What is Known:

® Mainly due to too few controlled studies, knowledge about the prevalence of individual symptoms in paediatric post-COVID-19 syndrome
(PCS) for the Omicron era is poor.

What is New:

o [n a representative control-matched cohort most parent-reported PCS-associated symptoms and quality of life scores in children and adoles-
cents with PCR-confirmed SARS-CoV-2 infection did not differ from those without infection.

e Exceptions were physical performance and cognitive problems, which were apparently more severely impaired after SARS-CoV-2-Omicron
infection than in the control subjects.
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COI Assay-specific cut-off index

COVID-19 Post-coronavirus disease 2019

ENT Ears/nose/throat

Long COVID Long coronavirus disease-2019

MIS-C Multisystem inflammatory syndrome in
children

N-AK Antibodies against the nucleocapsid
protein

NUM German Network University Medicine

OR Odds ratio

PCR Polymerase chain reaction

PCS Post-coronavirus disease 2019 syndrome

QoL Quality of life

S-AK Antibodies against the SARS-CoV-2 spike
protein

SARS-CoV-2 Severe acute respiratory syndromecorona-
virus type 2

WHO World Health Organisation

Introduction and background

Long coronavirus disease-2019 (COVID-19 [“long
COVID”]) or post-COVID-19 syndrome (PCS) is increas-
ingly reported as a health problem not only in adults but also
in children and adolescents after infection with severe acute
respiratory syndromecoronavirus type 2 (SARS-CoV-2)
[1, 2]. In February 2023, the World Health Organisation
(WHO) defined PCS in children and adolescents as a condi-
tion occurring in “individuals with a history of confirmed
or probable SARS-CoV-2 infection, when experiencing
symptoms lasting at least 2 months which initially occurred
within 3 months of acute COVID-19” [3]. According to
the WHO, the most frequently reported symptoms of PCS
include fatigue, altered smell/anosmia, and anxiety. In addi-
tion, many other: sometimes nonspecific symptoms
may occur in different organ systems, including chest pain,
cognitive difficulties, dyspnoea, headache, abdominal pain,
and sore eyes and throat [3]. These symptoms can impair
everyday function(s) in affected children and adolescents.
However, due to various disease definitions in the past and
wide heterogeneity in the described symptoms and different
study designs (such as variable follow-up times, reliance on
self- or parent-reported symptoms without clinical assess-
ment, lack of objective testing for SARS-CoV-2 immune
status, and missing control group), data regarding the
prevalence of PCS in children and adolescents are, in part,
conflicting. A large meta-analysis published in June 2022,
which included data from > 80,000 children from 21 studies,
reported an overall PCS prevalence of 25.24% (95% confi-
dence interval 18.17-33.02) [4]. In contrast, other studies
that included negative control groups reported substantially
lower prevalence rates, ranging from 1.8% to 4.6% [5-7].
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During the “Omicron wave” (starting in January 2022),
significantly more acute SARS-CoV-2 infections were
reported in children and adolescents in Germany than in
the earlier stages of the pandemic [8, 9], and the seropreva-
lence increased significantly [10-12]. Omicron infections
in children are commonly reported to be asymptomatic or
mild, and cases of multisystem inflammatory syndrome in
children (i.e. “MIS-C”) occur much less often [8]. How-
ever, there is little supportive evidence to suggest that an
increase in infections leads to a corresponding increase in
PCS among children and adolescents. In adults, the preva-
lence of individuals with PCS symptoms decreased to 4.5%
during the Omicron wave (compared with 10.8% during the
Delta wave) [13], and adults appeared to experience fewer
PCS symptoms compared with previous variants [14]. In
contrast to the decreasing PCS symptom rates in adults, data
regarding changes in symptom rates, profile, severity, and
resulting frequency of PCS among children and adolescents
during the Omicron era are partially contradictory [15-17].
As other studies have recently reported [18], those investi-
gating PCS are often limited by the lack of a control group in
general or by the lack of confirmed SARS-CoV-2 serostatus
in the control group.

The aim of our study, therefore, was to investigate the
frequency and severity of persistent PCS-associated symp-
toms in a non-selective cohort of children and adolescents
after SARS-CoV-2 Omicron infection compared with an
age-matched SARS-CoV-2 seronegative control group.

Methods

As part of the “Immunebridge” project of the German Net-
work University Medicine (NUM) [11, 19], between July
and October 2022, children> 5 years of age and adolescents
were recruited for a cross-sectional cohort study at study
centres in Bochum and Dresden, Germany, providing ter-
tiary medical care in two large German metropolitan areas,
the Ruhr area in the west of Germany and the metropolitan
area of the Saxon Triangle in the east of Germany. Adoles-
cents or students, respectively, from classes in two secondary
schools from grade 8 and onwards in Dresden were invited
to participate as amendment to the SchoolCoviDD19 study
from 2020 [20]. In Bochum, children and adolescents of a
population-based cohort investigation performed in the Ruhr
Region in 2020 and 2021 [21] were invited to participate in
a follow-up study. Of the original 2184 participants, only
families with current contact details living in the Bochum
area and who had originally agreed to be addressed for a
follow-up were contacted (details described in “Hoppner
et al.”, under review). Parents of 789 children and adoles-
cents of this Bochum “Corkid” cohort were contacted, on
average, after 2 years.
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The minimum age for inclusion was set at five years to
obtain reliable information about the participants’ physical
and mental symptoms. The COVID-19 group comprised
children and adolescents with a history of SARS-CoV-2
infection confirmed by a positive polymerase chain reaction
(PCR) test after 1 January 2022, as reported by parents/par-
ticipants in the study questionnaire. The control group com-
prised children of the same age with negative PCR results
and nucleocapsid antibodies against SARS-CoV-2.

Antibodies against SARS-CoV-2 were identified in the
blood samples of all study participants. Blood plasma sam-
ples were analysed directly in one laboratory. SARS-CoV-2
antibody determination was performed in all children and
adolescents using commercially available immunological
electrochemiluminescence assays (ECLIA, Roche Diag-
nostics GmbH, Mannheim, Germany). Antibodies (AK)
against the SARS-CoV-2 spike (S) protein (S-AK) occurring
after vaccination and/or illness were quantitatively assessed
(positive, > 0.8 binding antibody units [BAU]/ml). Antibod-
ies against the nucleocapsid (N) protein (N-AK) specific for
a previous infection were qualitatively assessed (positive,
assay-specific cut-off index [COI], > 1.0 COI).

Parents, children, and adolescents were asked to com-
plete a self-administered questionnaire addressing demo-
graphics, previous SARS-CoV-2 infections, COVID-19
vaccinations, and 37 symptoms (grouped into 10 catego-
ries including cardiovascular complaints, exercise capac-
ity, respiratory tract, and ears/nose/throat [ENT]; also see
Table 2) compatible with PCS in the previous three months
outside of other acute infections (e.g., common cold). For
the symptom questionnaire, the DGKJ (German Society for
Paediatrics and Adolescent Medicine) questionnaire for the
“standardised primary care of children and adolescents with
long COVID” was used, supplemented by innovative ques-
tions and questions previously used in the longitudinal study
of one of the participating cohorts [22]. The intensity and
degree of impairment in the activities of daily living were
assessed for each symptom reported above. General health,
quality of life (QoL), and mental state were assessed using
a WHO-standardised health-related questionnaire [23-27],
with five descriptors that were converted into a nominal
scale (— 2 =most negative to+ 2 =most positive).

The number of symptoms reported by participants was used
to construct a variable with three categories (none, few [<4],
or many [>4] symptoms). A composite variable for “physi-
cal performance” was subsequently set to “yes” if fitness was
assessed as “impaired” or “lost” or if >1 of the following 4

ELIY3

symptom(s) was reported (“dyspnoea on exertion”, “impaired
physical capacity”, “circulatory problems on exertion’).
Descriptive statistics (number and percentage, n [%]) were
used to compare the groups. Differences in the frequency of
nominal data between the two groups were tested for signifi-

cance using the chi-squared test, and the respective odds ratio

(OR) and corresponding 95% confidence interval (CI) were
calculated for individual symptoms. The influence of age, sex,
SARS-CoV-2 status, and vaccination status on the prevalence
of persistent symptoms was tested using logistic regression
analysis. Differences with p <0.05 were considered to be statis-
tically significant. Month and year of birth were recorded in the
interview, and, for all calculations of time intervals (e.g., time
after infection), the 15th day of the respective month was used.

The study was approved by the local Ethics Committees
of Bochum (reference BO-20/6927_7) and Dresden (refer-
ence BO-EK-156042020) and was conducted in accordance
with the Declaration of Helsinki. All children and adoles-
cents provided verbal, and all guardians provided written
informed consent to participate in the study.

Results
Patient characteristics

A total of 272 children and adolescents were recruited as part
of the “Immunebridge” project (Dresden [n=108], Bochum
[n=164]). Of these, 92 were excluded due to SARS-CoV-2
infection before 2022 (n=27) and positive N-AK titre but
an unknown point in time of infection (n=65) (Fig. 1). Of
the remaining participants, 114 children and adolescents
had SARS-CoV-2 infection confirmed by PCR testing in
2022 (COVID-19 group), which could be confirmed in 108
(94.7%) participants by N-AK detection. Sixty-six children
and adolescents with a PCR-negative history of SARS-
CoV-2 infection and seronegativity for SARS-CoV-2 N-AK
served as the control group.

272

PCR negative or
unknown

141 131

PCR positive

excluded SARS-CoV-2
infection before 2022 excluded because unknown

date of infection

27 65

114 66

COVID-19 group control group

Fig. 1 Flow chart of study enrolment

@ Springer



96 Page 4 of 12

European Journal of Pediatrics (2025) 184:96

Aside from a higher proportion of adolescents and asso-
ciated higher vaccination rate in the control group (66.7%
adolescents, 89.4% vaccinated; both p<0.01), than in the
COVID-19 group (49.1% adolescents, 61.4% vaccinated),
the groups hardly differed from one another (Table 1).

Frequency of typical PCS symptoms

Of the COVID-19 group, 64.9% reported > 1 PCS-associated
symptom(s), which corresponded with the proportion of
children in the control group (62.1%). Reported PCS-asso-
ciated symptoms in the COVID-19 and control groups are
summarised in Table 2. Only concentration disorders were
significantly more prevalent in the COVID-19 group than in
the control group (12.3% vs. 1.5%, respectively; p=0.012).
All other symptoms occurred with equal frequency in both
groups.

Variety and severity of typical PCS symptoms

There were no differences in the number of symptoms per
child: 45.6% of the children and adolescents in the COVID-
19 group experienced only a few symptoms (<4) com-
pared with 47% in the control group. Multiple symptoms
(>4) were reported slightly more frequently by those in
the COVID-19 group (19.3%) compared with 15.2% in the

control group, although the difference was not statistically
significant (OR 1.34 [95% CI 0.59-3.03]) (Table 3). Chil-
dren and adolescents in both groups were equally affected
in their activities of daily living (64.9% vs. 62.1%). Chil-
dren in the COVID-19 group were more frequently affected
in multiple organ systems than in the control group (15.8%
vs. 9.7%, respectively), which did not reach statistical sig-
nificance (OR 1.88 [95% CI 0.7-4.99]) (Table 3).

Patterns of typical PCS symptoms

When comparing the distribution of symptoms according
to organ system, the pattern of symptoms was found to be
very similar between the COVID-19 and control groups
(Fig. 2A). Children and adolescents in the COVID-19 group
were more likely to report severe impairment of daily func-
tioning in some organ systems, although this did not reach
statistical significance (Fig. 2B).

The analysis of the score “physical performance” (i.e.
derived from the parameters “dyspnoea during exertion”,
“limited physical capacity”, “circulatory problems during
exertion”, and “assessment of own fitness”) revealed a sig-
nificant impaired physical performance (OR 3.08 [95% CI
1.33-7.15]; p=0.016) in the COVID-19 group. Univariate
analysis of variance confirmed this significant difference,
regardless of age, sex, and vaccination status.

Table 1 Characteristics of all

L All COVID-19 group  Control group
study participants, the COVID-
19 group and the control group Number 180 114 66
Sex Female 105 (58.3%) 66 (57.9%) 39 (59.1%)
Age? Years 12.24 (+4.16) 11,65 (+3,82) 13.08 (+4.45)
5-6 years 30 (16.7%) 16 (14%) 14 (21.2%)
7-11 years 50 (27.8%) 42 (36.8%) 8 (12.1%)
12-18 years 100 (55.6%) 56 (49.1%) 44 (66.7%)
Immigration background* 178 114 64
Yes 8 4.5%) 6 (5.3%) 2 (3.1%)
One parent 13 (7.3%) 8 (7%) 5(7.8%)
Missing 2 (1.1%) 0 (0%) 2 (3.1%)
Education of parents* 175 113 62
A-levels (higher 132 (75.4%) 85 (75.2%) 47 (75.8%)
education)
Missing 5(2.8%) 1(0.9%) 4 (6.3%)
COVID-19 vaccination”
Yes 129 (71.7%) 70 (61.4%) 59 (89.4%)
No 49 (27.2%) 42 (36.8%) 7 (10.6%)
Missing 1(0.6%) 1(0.9%) 0 (0%)
SARS-CoV-2 antibodies
N-AK positive 108 (60%) 108 (94.7%) 0 (0%)
S-AK positive 172 (95.6%) 113 (99.1%) 59 (89.4%)

(*number of valid responses, *statistically significant difference between the two groups, p<0.01).
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Table2 Number (n (%)) of children and adolescents in the total different organ systems and individual symptoms with indication of
cohort, the COVID-19 group, and the control group suffering from odds ratio (OR) and 95% confidence interval (95% CI)
typical PCS symptoms during the observation period, divided into

All COVID-19 group Control group OR (95%CTI)
Cardiovascular complaints 21 (11.7%) 15 (13.2%) 6 (9.1%) 1.52 (0.56...4.12)
Low impact on everyday functioning 9 (5%) 6 (5.3%) 3 (4.5%) 1.17 (0.28...4.83)
High impact on everyday functioning 7 (3.9%) 5 (4.4%) 2 (3%) 1.47 (0.28...7.79)
Palpitations 7 (3.9%) 4 (3.5%) 3(4.5%) 0.76 (0.17...3.52)
Chest pain 8 (4.4%) 7 (6.1%) 1(1.5%) 4.25(0.51...35.35)
Circulatory problems at rest 7 (3.9%) 4 (3.5%) 3 (4.5%) 0.76 (0.17...3.52)
Circulatory problems during exertion* 10 (5.6%) 8 (7%) 2 (3%) 2.42(0.5...11.73)
Faint 0 (0%) 0 (0%) 0 (0%)
Exercise capacity 29 (16.1%) 22 (19.3%) 7 (10.6%) 2.02 (0.81...5.01)
Low impact on everyday functioning 14 (7.8%) 10 (8.8%) 4(6.1%) 1.49 (0.45...4.96)
High impact on everyday functioning 14 (7.8%) 11 (9.6%) 3 (4.5%) 2.24 (0.6...8.35)
Exhaustion 26 (14.4%) 19 (16.7%) 7 (10.6%)
Limited physical capacity* 13 (7.2%) 11 (9.6%) 2 (3%)
Respiratory complaints and ENT 33 (18.3%) 21 (18.4%) 12 (18.2%) 1.02 (0.46...2.23)
Low impact on everyday functioning 19 (10.6%) 11 (9.6%) 8 (12.1%) 0.77 (0.29...2.03)
High impact on everyday functioning 7 (3.9%) 6 (5.3%) 1 (1.5%) 3.61 (0.43...30.67)
Dyspnoea at rest 3(1.7%) 3(2.6%) 0 (0%)
Dyspnoea during exertion* 15 (8.3%) 13 (11.4%) 2 (3%)
Cough, sneezing, sore throat, earache 24 (13.3%) 13 (11.4%) 11 (16.7%)
Gustatory and olfactory complaints 8 (4.4%) 6 (5.3%) 2 (3%) 1.78 (0.35...9.07)
Low impact on everyday functioning 7 (3.9%) 5 (4.4%) 2 (3%) 1.47 (0.28...7.79)
high impact on everyday functioning 1 (0.6%) 1 (0.9%) 0(0%)
Olfactory disorder 2 (1.1%) 2 (1.8%) 0 (0%)
Taste disorders 2 (1.1%) 2 (1.8%) 0 (0%)
New aversion to certain foods 6 (3.3%) 4 (3.5%) 2 (3%)
Fever 10 (5.6%) 8 (7%) 2 (3%) 2.42(0.5...11.73)
Low impact on everyday functioning 2 (1.1%) 2 (1.8%) 0 (0%)
High impact on everyday functioning 6 (3.3%) 5 (4.4%) 1(1.5%) 2.98 (0.34...26.09)
Fever > 38.5°Celsius 9 (5%) 8 (7T%) 1(1.5%)
Chills 2 (1.1%) 1(0.9%) 1(1.5%)
Menstrual cramps 16 (8.9%) 8 (7T%) 8 (12.1%) 0.55(0.2...1.53)
Low impact on everyday functioning 12 (6.7%) 7(6.1%) 5 (7.6%) 0.8 (0.24...2.62)
High impact on everyday functioning 3(1.7%) 1 (0.9%) 2 (3%) 0.28 (0.03...3.18)
Gastrointestinal complaints 54 (30%) 38 (33.3%) 16 (24.2%) 1.56 (0.79...3.1)
Low impact on everyday functioning 30 (16.7%) 19 (16.7%) 11 (16.7%) 1(0.44...2.26)
High impact on everyday functioning 13 (7.2%) 10 (8.8%) 3 (4.5%) 2.02 (0.54...7.62)
Loss of appetite 7 (3.9%) 4 (3.5%) 3 (4.5%)
Weight gain or weight loss 3(1.7%) 3(2.6%) 0 (0%)
Abdominal pain 36 (20%) 27 (23.7%) 9 (13.6%) 1.97 (0.86...4.49)
Nausea and/or vomiting 15 (8.3%) 10 (8.8%) 5(7.6%)
Diarrhoea 19 (10.6%) 11 (9.6%) 8 (12.1%)
Complaints of musculoskeletal system and skin 31 (17.2%) 20 (17.5%) 11 (16.7%) 1.06 (0.47...2.39)
Low impact on everyday functioning 15 (8.3%) 10 (8.8%) 5(7.6%) 1.17 (0.38...3.59)
High impact on everyday functioning 7 (3.9%) 54.4%) 2 (3%) 1.47 (0.28...7.79)
Muscle pain and/or weakness 15 (8.3%) 11 (9.6%) 4(6.1%)
Joint pain and/or joint swelling 14 (7.8%) 9 (7.9%) 5 (7.6%)
Skin rash 14 (7.8%) 7(6.1%) 7 (10.6%)
blue/reddened fingers/toes 1 (0.6%) 0 (0%) 1(1.5%)
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Table 2 (continued)

All COVID-19 group Control group OR (95%CI)
Headache and neurological complaints 63 (35%) 40 (35.1%) 23 (34.8%) 1.01 (0.54...1.91)
Low impact on everyday functioning 32 (17.8%) 21 (18.4%) 11 (16.7%) 1.13 (0.51...2.52)
High impact on everyday functioning 21 (11.7%) 16 (14%) 5 (7.6%) 1.99 (0.69...5.71)
Headache 44 (24.4%) 28 (24.6%) 16 (24.2%) 1.02 (0.5...2.06)
Dizziness 18 (10%) 11 (9.6%) 7 (10.6%)
Tingling or pain in arms/legs 2 (1.1%) 2 (1.8%) 0 (0%)
Local deafness/paralysis 5(12.8%) 0 (0%) 5 (7.6%)
Concentrations disorders 15 (8.3%) 14 (12.3%) 1(1.5%) 9.1 (1.17...70.88)"
Memory impairment/learning problems 14 (7.8%) 11 (9.6%) 3(4.5%)
Sleep disorders 13 (7.2%) 9(7.9%) 4(6.1%)
Psychological complaints 28 (15.6%) 19 (16.7%) 9 (13.6%) 1.27 (0.54...2.99)
Low impact on everyday functioning 16 (8.9%) 12 (10.5%) 4(6.1%) 1.82 (0.56...5.9)
High impact on everyday functioning 8 (4.4%) 6 (5.3%) 2 (3%) 1.78 (0.35...9.07)
Aggression 10 (5.6%) 6 (5.3%) 4(6.1%) 0.86 (0.23...3.17)
Hyperactivity 9 (5%) 7(6.1%) 2 (3%) 2.09 (0.42...10.39)
Anxiety 13 (7.2%) 9(7.9%) 4(6.1%) 1.33(0.39...4.5)
Sadness/depression 12 (6.7%) 8 (7%) 4(6.1%) 1.17 (0.34...4.04)
Other complaints 8 (4.4%) 3(2.6%) 5(7.6%) 0.33 (0.08...1.43)

Physical performance®

3.08 (1.33...7.15)*

$The score “physical performance” was subsequently formed in a post hoc analysis from parameters marked with “*”, and the parameter “assess-

ment of own fitness” in Table 4
#Statistical significant difference (p <0.05)

Table 3 Number (n (%)) of children and adolescents with none, less
or more than four typical PCS symptoms, and number of children
whose daily functions were impaired by these typical PCS symptoms

divided according to the number of organ systems affected in the total
cohort, the COVID-19 group, and the control group with indication
of odds ratio (OR) and 95% confidence interval (95% CI)

All COVID-19 group Control group OR (95%CTI)
Number of children and adolescents with PCS typical symptoms
None 65 (36.1%) 40 (35.1%) 25 (37.9%) 0.89 (0.47...1.66)
<4 symptoms 83 (46.1%) 52 (45.6%) 31 47%) 0.95 (0.52...1.74)
>4 symptoms 32 (17.8%) 22 (19.3%) 10 (15.2%) 1.34 (0.59...3.03)

Number of children whose daily functions were impaired by the PCS-typical symptoms divided according to the number of organ systems

affected
1-2 organ systems 91 (50.6%) 56 (49.1%)
3-6 organ systems 24 (13.3%) 18 (15.8%)

35 (53%)
6 (9.1%)

0.86 (0.47...1.57)
1.88 (0.7...4.99)

Age dependency of typical PCS symptoms

In the COVID-19 group, symptoms associated with PCS
were reported at all ages, in contrast to the control group, in
which symptoms were mainly reported in the youngest age
group and by adolescents (Figs. 3 and 4).

QoL
Eighty-seven percent of the children and adolescents in

both groups rated their QoL as excellent or very good
(Table 4). There were no significant differences between

@ Springer

the COVID-19 and control groups in terms of QoL, general
health, or mental state. However, children and adolescents
were less likely to feel physically fit after COVID-19 com-
pared with controls, narrowly failing to reach statistical
significance (OR 4.48 [95% CI 0.99-20.37]). Comparing
girls and boys after COVID-19, a trend demonstrated that
girls> 11 years of age rated their physical performance
and mental state as worse. However, this trend was not
observed in the control group (Online Supplement, Fig. 1).

Both negative responses are combined in each case (*
number of valid responses)).
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symptoms
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symptoms

fever

menstrual discomfort

B cardiovascular

symptoms

psychic symptoms reduced performance

headache/neurologica
respiratory symptoms
symptoms

muscle or joint
symptoms

gastro-intestinal
symptoms

menstrual discomfort

Fig.2 A, B Distribution of PCD-typical symptoms (A) and severe impairment of everyday function by these symptoms (B) divided by organ
systems between the COVID-19 group (black line) and the control group (grey line).

Fig.3 Frequency of a reduced
score “physical performance”
in different age groups in

the COVID-19 group (grey
columns) and the control group
(black columns). X-axis: age

in years and number of total
participants with this age
(n=x). Y-axis: percentage of
children in this age group with
a reduced score “physical per-
formance”. The score “physical
performance” was subsequently
formed in a post hoc analysis
from the parameters “dyspnoea
on exertion”, “impaired physi-
cal capacity”, and “circulatory
problems on exertion” in the
questionnaire (Table 2) and the
parameter “assessment of own
fitness” (Table 4)

60%

wn

Q
®

S

N
Q
xJ

30%

20%

10%

percentage of children with reduced score

5 6 7

(n=7) (n=15)(n=17) (n=8)

Discussion

We evaluated the frequency of PCS-related symptoms in
children and adolescents after SARS-CoV-2 infection in
the Omicron era compared with SARS-CoV-2-seronegative
controls. Despite the increase in SARS-CoV-2 infections
during the Omicron wave, the number of children with > 1
typical PCS symptom(s) was similar in both groups, as
was the frequency of the symptoms reported individu-
ally. However, impaired concentration and reduced physi-
cal performance were significantly more common among

8

11 12 13 14 15 16 17 18

(n=9) (n=10)(n=10) (n=7) (n=11) (n=26) (n=18) (n=19) (n=11)

9 10
(n=8)

Age

children with Omicron infection. Children in the COVID-
19 group rated their fitness as worse, with otherwise equal
ratingsSSS of QoL regarding general and mental health.
According to a recently published study comparing typi-
cal PCS symptoms in children across different pandemic
waves [17], the relative number of children and adolescents
with PCS-like symptoms (64.9%) in our COVID-19-co-
hort was of the same magnitude as in COVID-negative
controls (62.1%) during the Omicron wave. In contrast,
in our cohort, the proportion of children reporting typi-
cal PCS symptoms following SARS-CoV-2 infection was
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Fig.4 Proportion of children
in different age groups who
reported severe impairment

of their everyday function due
to PCS-typical symptoms in
the COVID-19 group (grey
columns) and the control group
(black columns). X-axis: age in
years and number of total par-
ticipants with this age (n=x).
Y-axis: percentage of children in
this age group reporting severe
impairment of their everyday
function due to PCS-typical
symptoms
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similar to that reported during the SARS-CoV-2 Alpha
wave. Conducted in the UK, the Children and Young Peo-
ple with Long COVID (CLoCk) study reported 66.5% of
3065 adolescents with persistent symptoms 3 months after
SARS-CoV-2 infection compared with 53.3% of healthy
controls [2]. In a large Danish cohort study, Borch et al.
[28] reported a prevalence of up to 51% in children and
adolescents versus up to 38% in controls >4 weeks after
SARS-CoV-2 infection.

Consistent with other studies, we found a high burden
of symptoms in both patients and controls, pointing toward
factors other than infection contributing to PCS-like symp-
toms. Therefore, we suspect that pandemic-related interven-
tions will have a major impact on children’s physical and
mental health. This assumption is supported by the measur-
able decline in the physical and mental health and QoL of
children and adolescents [29-32]. Contributing factors may
include school closures and related restrictions on the lives
of children and young individuals. Despite a slight improve-
ment, the rate of reported health problems remained above
pre-pandemic levels [29, 33, 34].

Another explanation for the higher burden of complaints
in the control group may be the slightly higher proportion of
adolescents in our control group compared with the COVID-
19 group (66.7% vs. 49.1%, respectively). Data regarding
high prevalence of symptoms, which were also grouped as
“PCS-like”, already existed in this age group before the pan-
demic. For example, >20-30% of adolescents experience
fatigue [35, 36]. In a representative German study (KIGGS
cohort) in 2019, 45.2% of 11-17-year-old girls reported

@ Springer
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recurrent headaches, recurrent abdominal pain (34.5%), and
recurrent back pain (28.3%) [37]. This high burden of symp-
toms among adolescents independent of COVID-19 was also
observed in our study cohort. For example, two-thirds of the
participants in the control group who reported reduced phys-
ical performance were > 12 years of age (Fig. 3). Regarding
the sex association, our study revealed a trend, rather than a
confirmed higher symptom burden after COVID-19, among
girls and adolescents [2, 5]. Unfortunately, the literature
lacks pre-pandemic prevalence data for all PCS symptoms
with which to compare our cohort. Our findings highlight the
need for more robust longitudinal research to track symptom
prevalence in the future.

Despite the high frequency and burden of reported typi-
cal PCS symptoms in the COVID-19 and control groups,
children and adolescents rated their QoL and general and
mental health mostly as excellent or very good. We found no
significant differences between the two groups, which is con-
sistent with findings from other larger cohorts [2, 7]. Thus,
the decline in QoL observed in children and adolescents
during the pandemic [29, 30] appears to be independent of
SARS-CoV-2 infection. However, children and adolescents
rated their fitness as worse if they experienced SARS-CoV-2
infection than the control group.

Compared with the initial years of the pandemic, the
incidence of PCS decreased significantly in the Omicron
era [14, 15, 17]. However, following infection with the
Omicron variant, PCS-associated symptoms, such as fatigue
and dermatological, gastrointestinal, sleep, and sensory
manifestations, have also been described in children and
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Table 4 Responses to questions All

about health, quality of life,

physical performance, and N 180

control group with indication Excellent 66 (36.9%)

of odds ratio (OR) and 95% Very good 84 (46.9%)

confidence interval (95% CI) Good 28 (15.6%)
Less good or bad 1(0.6%)
Quality of life* 177
Excellent 68 (38.4%)
Very good 87 (49.2%)
Good 21 (11.9%)
Less good or bad 1 (0.6%)
Fitness* 178
Very 69 (38.8%)
Good 79 (44.4%)
Moderate 14 (7.9%)
Reduced or loss 16 (9%)
Full of energy* 178
Always 58 (32.6%)
Often 89 (50%)
Sometimes 28 (15.7%)
Rare or never 3(1.7%)
Mental feeling* 178
Excellent 43 (24.2%)
Very good 75 (42.1%)
Good 52 (29.2%)
Less good or bad 8 (4.5%)
Sadness* 178
Always or often 4(2.2%)
Sometimes 36 (20.2%)
Rare 81 (45.5%)
Never 57 (32%)
Loneliness* 178
Always or often 1(0.6%)
Sometimes 12 (6.7%)
Rare 49 (27.5%)
Never 116 (65.2%)

COVID-19 group Control group OR (95%CTI)

114 66

114 65

38 (33.3%) 28 (43.1%) 0.68 (0.36...1.27)
55 (48.2%) 29 (44.6%) 1.19 (0.65...2.19)
21 (18.4%) 7 (10.8%) 1.9 (0.76...4.75)
0 (0%) 1(1.5%) -

113 64

44 (38.9%) 24 (37.5%) 1.1 (0.59...2.06)
55 (48.7%) 32 (50%) 0.99 (0.54...1.82)
13 (11.5%) 8 (12.5%) 0.93 (0.37...2.38)
1 (0.9%) 0 (0%) -

114 64

39 (34.2%) 30 (46.9%) 0.62 (0.34...1.16)
52 (45.6%) 27 (42.2%) 1.21 (0.66...2.24)
9 (7.9%) 5(7.8%) 1.05 (0.34...3.26)
14 (12.3%) 2 (3.1%) 4.48 (0.99...20.37)
114 64

37 (32.5%) 21 (32.8%) 1.03 (0.54...1.97)
56 (49.1%) 33 (51.6%) 0.97 (0.53...1.77)
18 (15.8%) 10 (15.6%) 1.05 (0.45...2.43)
3(2.6%) 0 (0%) -

114 64

28 (24.6%) 15 (23.4%) 1.11 (0.54...2.27)
44 (38.6%) 31 (48.4%) 0.71 (0.38...1.31)
35(30.7%) 17 (26.6%) 1.28 (0.65...2.52)
7 (6.1%) 1(1.6%) 4.25(0.51...35.35)
114 64

4 (3.5%) 0 (0%) -

26 (22.8%) 10 (15.6%) 1.65 (0.74...3.69)
45 (39.5%) 36 (56.3%) 0.54 (0.29...1)
39 (34.2%) 18 (28.1%) 1.39(0.71...2.7)
114 64

1(0.9%) 0 (0%) -

6 (5.3%) 6 (9.4%) 0.56 (0.17...1.8)
31 (27.2%) 18 (28.1%) 1(0.5...1.97)

76 (66.7%) 40 (62.5%) 1.3 (0.69...2.44)

adolescents [15-17]. However, in accordance with the
study by Pazukhina et al. [17], our analysis of a non-selected
cohort compared with a control group did not confirm that
many of these symptoms were purely SARS-CoV-2 related,
although we also observed significantly impaired physical
performance in the COVID-19 group. Of note, olfactory and
gustatory disturbances were rarely reported in our cohort,
which is still one of the most common symptoms reported
in the Alpha wave [28] and is listed as a major symptom
according to the WHO definition [3].

Limitations and strengths

Limitations of our study include its retrospective design
and relatively small sample size. Unfortunately, the time
interval between infection and study enrolment was
not recorded for all participants. In the majority of the
children in Bochum, the infection had occurred more than
6 months previously. Because of the uncertainty in the other
participants, we avoided using the term confirmed PCS and
only analysed the frequency of PCS-associated symptoms.
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The study relied on self- or parent-reported symptoms
in the absence of clinical assessment. Parents answering
questions on behalf of their children can lead to higher or
lower levels of complaints, and knowledge of Sars-CoV-2
infection could have led to false-positive results. Although
we recruited from a non-selective cohort, we cannot exclude
the possibility that families who were very sensitive to PCS-
associated symptoms enrolled in the study. This could be
another explanation for the high symptom rates in the
COVID-19 and control groups.

Strengths of our study included the analysis of a non-
selective cohort of children and adolescents after SARS-
CoV-2 infection compared with a control group, and the
strict inclusion criteria of PCR-confirmed SARS-CoV-2
infection and antibody analysis, which are among the main
points of criticism in other PCS studies [18].

Conclusion

Children with and without previous infection with SARS-
CoV-2 Omicron did not differ in most PCS-associated symp-
toms. The only exceptions were physical performance and
mental and cognitive problems, which appeared to be more
impaired in the long term after SARS-CoV-2 Omicron infec-
tion than in control children. These aspects should warrant
special attention in PCS-related healthcare diagnoses and
treatments.

Collaborators

IMMUNEBRIDGE KIDS study group: Lynn Eitner, Geral-
dine Engels, Uta Falke, Anna Hoffmann, Sarah Holzwarth,
Johannes Liese, Josephine Schneider, Michaela Schwarz-
bach, Andrea Streng.

IMMUNEBRIDGE Study Group: Antonia Bartz, Sabine
Blaschke-Steinbrecher, Gunnar Brandhorst, Melanie Brink-
mann, Kathrin Budde, Axel Budde, Marek Deckena, Maren
Dreier, Marc Fenzlaff, Johannes Forster, Christoph Hértel,
Manuela Harries, Max Hassenstein, Peter Heuschmann, Elena
Hick, Katharina Hecker, Isabell von Holt, Olga Hovardovska,
Veronika Jager, Andre Karch, Katja Kehl, Mirjam Kohls,
Riidiger van Kries, Stefan Kriiger, Marc-André Kurosinski,
Oliver Kurzai, Berit Lange, Kristin Meyer-Schlinkmann, Mat-
thias Nauck, Anna-Lisa Oechsle, Patrick Ottensmeyer, Fran-
ziska Pietsch, Jens-Peter Reese, Daniel Rosenkranz, Nicole
Riibsamen, Viktoria Riicker, Mario Schattschneider, Christin
Schifer, Simon Schlinkert, Horst Schroten, Hendrik Streeck,
Kai Schulze-Wundling, Stefan Stork, Carsten Tiemann, Henry
Volzke, Theresa Winter.

@ Springer

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00431-024-05919-3.

Acknowledgements We thank the participating children, their parents,
the paediatricians, as well as all participating schools for supporting
this study and the IMMUNEBRIDGE KIDS study group for its con-
tribution. We thank the Federal State of Saxony and the Federal Min-
istry of Education and Research (BMBF) for supporting the study by
a financial grant.

Authors’ contributions Conceptualization: NT, FB, AS, CM Inclu-
sion of patients, data collection, data monitoring: AS, CM, JH, JS,
RB Laboratory analysis: AP Data analyses and visualization: CM, AS
Supervision: TL, RB Funding acquisition: TL, RB, FB, NT Writing-
original draft: AS, CM Writing-review & editing: AS, CM, JH, AP, TL,
RB, NT and FB with feedback of all co-authors All authors have read
and agreed to the published version of the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The study was funded by the German Federal Ministry of Edu-
cation and Research as part of the ad hoc project IMMUNEBRIDGE
of the Network University Medicine (NUM) (BMBF 01KX2121). In
Bochum, children and adolescents were recruited from the Corkid
cohort, a study cohort which was funded by the BMBF (01KI20173)
from 05/2020 to 01/2022. In Dresden, financial support for the recruit-
ment of study participants was provided by the Federal State of Saxony
within the project funding “paedSaxCoviDD”.

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Ethics approval This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the Ethics Com-
mittees of Bochum (reference BO-20/6927_7) and Dresden (reference
BO-EK-156042020).

Consent to participate All children and adolescents provided verbal,
and all guardians provided written informed consent to participate in
the study.

Competing interests NT is vice president of the German Society of
Pediatrics Infectious Disease (DGPI e. V.) and treasurer of the Young
Infection Medicine Network (jJUNITE e.V.). The other authors have
no competing interests to declare that are relevant to the content of
this article.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.


https://doi.org/10.1007/s00431-024-05919-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

European Journal of Pediatrics

(2025) 184:96

Page110f12 96

References

11.

12.

13.

14.

15.

Ballering AV, van Zon SKR, Olde Hartman TC et al (2022) Per-
sistence of somatic symptoms after COVID-19 in the Netherlands:
an observational cohort study. Lancet 400:452-461. https://doi.
org/10.1016/S0140-6736(22)01214-4

Stephenson T, Pinto Pereira SM, Shafran R et al (2022) Physical
and mental health 3 months after SARS-CoV-2 infection (long
COVID) among adolescents in England (CLoCk): a national
matched cohort study. Lancet Child Adolesc Health 6:230-239.
https://doi.org/10.1016/S2352-4642(22)00022-0

WHO (2023) Post_COVID-19_condition. https://www.who.int/
publications/i/item/WHO-2019-nCoV-Post-COVID-19-condition-
CA-Clinical-case-definition-2023-1

Lopez-Leon S, Wegman-Ostrosky T, Del Ayuzo Valle NC et al
(2022) Long-COVID in children and adolescents: a systematic
review and meta-analyses. Sci Rep 12:9950. https://doi.org/10.
1038/541598-022-13495-5

Miller F, Nguyen V, Navaratnam AM et al (2022) Prevalence
and characteristics of persistent symptoms in children during the
COVID-19 pandemic: evidence from a household cohort study in
England and Wales. Pediatr Infect Dis J 41:979-984. https://doi.
org/10.1097/INF.0000000000003715

Molteni E, Sudre CH, Canas LS et al (2021) Illness duration
and symptom profile in symptomatic UK school-aged children
tested for SARS-CoV-2. Lancet Child Adolesc Health 5:708-718.
https://doi.org/10.1016/S2352-4642(21)00198-X

Radtke T, Ulyte A, Puhan MA et al (2021) Long-term symptoms
after SARS-CoV-2 infection in children and adolescents. JAMA
326:869-871. https://doi.org/10.1001/jama.2021.11880
Doenhardt M, Gano C, Sorg A-L et al. (2022) Burden of pediatric
SARS-CoV-2 hospitalizations during the omicron wave in Ger-
many. Viruses 14. https://doi.org/10.3390/v14102102

Cloete J, Kruger A, Masha M et al (2022) Paediatric hospitalisa-
tions due to COVID-19 during the first SARS-CoV-2 omicron
(B.1.1.529) variant wave in South Africa: a multicentre observa-
tional study. Lancet Child Adolesc Health 6:294-302. https://doi.
org/10.1016/S2352-4642(22)00027-X

. Ott R, Achenbach P, Ewald DA et al (2022) SARS-CoV-2 sero-

prevalence in preschool and school-age children—population
screening findings from January 2020 to June 2022. Dtsch Arztebl
Int 119:765-770. https://doi.org/10.3238/arztebl.m2022.0355
Engels G, Oechsle A-L, Schlegtendal A et al (2023) SARS-CoV-2
sero-immunity and quality of life in children and adolescents in
relation to infections and vaccinations: the IMMUNEBRIDGE
KIDS cross-sectional study, 2022. Infection 51:1531-1539.
https://doi.org/10.1007/s15010-023-02052-5

Naeimi R, Sepidarkish M, Mollalo A et al (2023) SARS-CoV-2
seroprevalence in children worldwide: a systematic review and
meta-analysis. EClinicalMedicine 56:101786. https://doi.org/10.
1016/j.eclinm.2022.101786

Antonelli M, Pujol JC, Spector TD et al (2022) Risk of long
COVID associated with delta versus omicron variants of SARS-
CoV-2. Lancet 399:2263-2264. https://doi.org/10.1016/S0140-
6736(22)00941-2

Fernandez-de-Las-Pefias C, Notarte KI, Peligro PJ et al. (2022)
Long-COVID symptoms in individuals infected with different
SARS-CoV-2 variants of concern: a systematic review of the lit-
erature. Viruses 14. https://doi.org/10.3390/v14122629
Buonsenso D, Pazukhina E, Gentili C et al. (2022) The Prevalence,
characteristics and risk factors of persistent symptoms in non-hos-
pitalized and hospitalized children with SARS-CoV-2 infection

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

followed-up for up to 12 months: a prospective, cohort study in
Rome Italy. J Clin Med 11. https://doi.org/10.3390/jcm11226772
Pinto Pereira SM, Mensah A, Nugawela MD et al (2023) Long
COVID in children and young after infection or reinfection with
the Omicron variant: a prospective observational study. J Pediatr
259:113463. https://doi.org/10.1016/j.jpeds.2023.113463
Pazukhina E, Rumyantsev M, Baimukhambetova D et al (2024)
Event rates and incidence of post-COVID-19 condition in hos-
pitalised SARS-CoV-2 positive children and young people and
controls across different pandemic waves: exposure-stratified
prospective cohort study in Moscow (StopCOVID). BMC Med
22:48. https://doi.org/10.1186/s12916-023-03221-x

. Hgeg TB, Ladhani S, Prasad V (2023) How methodologi-

cal pitfalls have created widespread misunderstanding about
long COVID. BMJ Evid Based Med. https://doi.org/10.1136/
bmjebm-2023-112338

Lange B, Jaeger VK, Harries M et al (2024) Estimates of protec-
tion levels against SARS-CoV-2 infection and severe COVID-19
in Germany before the 2022/2023 winter season: the IMMUNE-
BRIDGE project. Infection 52:139-153. https://doi.org/10.
1007/s15010-023-02071-2

Kirsten C, Unrath M, Liick C et al (2021) SARS-CoV-2 sero-
prevalence in students and teachers: a longitudinal study from
May to October 2020 in German secondary schools. BMJ Open
11:¢049876. https://doi.org/10.1136/bmjopen-2021-049876
Brinkmann F, Diebner HH, Matenar C et al (2021) Longitudinal
rise in seroprevalence of SARS-CoV-2 infections in children in
Western Germany-a blind spot in epidemiology? Infect Dis Rep
13:957-964. https://doi.org/10.3390/idr13040088

DGKIJ https://www.dgkj.de/fileadmin/user_upload/Meldungen_
2022/Long_COVID_B%C3%B6gen/4_Long_COVID_Spezi
elle_Anamnese_.pdf

Kohler L, Rigby M (2003) Indicators of children’s develop-
ment: considerations when constructing a set of national Child
Health Indicators for the European Union. Child Care Health
Dev 29:551-558. https://doi.org/10.1046/j.1365-2214.2003.
00375.x

Forrest CB, Bevans KB, Pratiwadi R et al (2014) Develop-
ment of the PROMIS® pediatric global health (PGH-7) meas-
ure. Qual Life Res 23:1221-1231. https://doi.org/10.1007/
s11136-013-0581-8

Ravens-Sieberer U, Gosch A, Rajmil L et al (2008) The KID-
SCREEN-52 quality of life measure for children and adolescents:
psychometric results from a cross-cultural survey in 13 European
countries. Value Health 11:645-658. https://doi.org/10.1111/j.
1524-4733.2007.00291.x

Otto C, Reiss F, Voss C et al (2021) Mental health and well-being
from childhood to adulthood: design, methods and results of the
11-year follow-up of the BELLA study. Eur Child Adolesc Psychi-
atry 30:1559-1577. https://doi.org/10.1007/s00787-020-01630-4
Holling H, Schlack R, Kamtsiuris P et al (2012) Die KiGGS-
Studie. Bundesweit reprisentative Langs- und Querschnittstudie
zur Gesundheit von Kindern und Jugendlichen im Rahmen des
Gesundheitsmonitorings am Robert Koch-Institut (The KiGGS
study. Nationwide representative longitudinal and cross-sectional
study on the health of children and adolescents within the frame-
work of health monitoring at the Robert Koch Institute). Bun-
desgesundheitsbl Gesundheitsforsch Gesundheitsschutz 55:836—
842. https://doi.org/10.1007/s00103-012-1486-3

Borch L, Holm M, Knudsen M et al (2022) Long COVID symp-
toms and duration in SARS-CoV-2 positive children - a nation-
wide cohort study. Eur J Pediatr 181:1597-1607. https://doi.org/
10.1007/s00431-021-04345-z

@ Springer


https://doi.org/10.1016/S0140-6736(22)01214-4
https://doi.org/10.1016/S0140-6736(22)01214-4
https://doi.org/10.1016/S2352-4642(22)00022-0
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post-COVID-19-condition-CA-Clinical-case-definition-2023-1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post-COVID-19-condition-CA-Clinical-case-definition-2023-1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post-COVID-19-condition-CA-Clinical-case-definition-2023-1
https://doi.org/10.1038/s41598-022-13495-5
https://doi.org/10.1038/s41598-022-13495-5
https://doi.org/10.1097/INF.0000000000003715
https://doi.org/10.1097/INF.0000000000003715
https://doi.org/10.1016/S2352-4642(21)00198-X
https://doi.org/10.1001/jama.2021.11880
https://doi.org/10.3390/v14102102
https://doi.org/10.1016/S2352-4642(22)00027-X
https://doi.org/10.1016/S2352-4642(22)00027-X
https://doi.org/10.3238/arztebl.m2022.0355
https://doi.org/10.1007/s15010-023-02052-5
https://doi.org/10.1016/j.eclinm.2022.101786
https://doi.org/10.1016/j.eclinm.2022.101786
https://doi.org/10.1016/S0140-6736(22)00941-2
https://doi.org/10.1016/S0140-6736(22)00941-2
https://doi.org/10.3390/v14122629
https://doi.org/10.3390/jcm11226772
https://doi.org/10.1016/j.jpeds.2023.113463
https://doi.org/10.1186/s12916-023-03221-x
https://doi.org/10.1136/bmjebm-2023-112338
https://doi.org/10.1136/bmjebm-2023-112338
https://doi.org/10.1007/s15010-023-02071-2
https://doi.org/10.1007/s15010-023-02071-2
https://doi.org/10.1136/bmjopen-2021-049876
https://doi.org/10.3390/idr13040088
https://www.dgkj.de/fileadmin/user_upload/Meldungen_2022/Long_COVID_B%C3%B6gen/4_Long_COVID_Spezielle_Anamnese_.pdf
https://www.dgkj.de/fileadmin/user_upload/Meldungen_2022/Long_COVID_B%C3%B6gen/4_Long_COVID_Spezielle_Anamnese_.pdf
https://www.dgkj.de/fileadmin/user_upload/Meldungen_2022/Long_COVID_B%C3%B6gen/4_Long_COVID_Spezielle_Anamnese_.pdf
https://doi.org/10.1046/j.1365-2214.2003.00375.x
https://doi.org/10.1046/j.1365-2214.2003.00375.x
https://doi.org/10.1007/s11136-013-0581-8
https://doi.org/10.1007/s11136-013-0581-8
https://doi.org/10.1111/j.1524-4733.2007.00291.x
https://doi.org/10.1111/j.1524-4733.2007.00291.x
https://doi.org/10.1007/s00787-020-01630-4
https://doi.org/10.1007/s00103-012-1486-3
https://doi.org/10.1007/s00431-021-04345-z
https://doi.org/10.1007/s00431-021-04345-z

96

Page 12 of 12

European Journal of Pediatrics (2025) 184:96

29.

30.

31.

32.

33.

Ravens-Sieberer U, Erhart M, Devine J et al (2022) Child and
adolescent mental health during the COVID-19 pandemic: results
of the three-wave longitudinal COPSY study. J Adolesc Health
71:570-578. https://doi.org/10.1016/j.jadohealth.2022.06.022
Blankenburg J, Wekenborg MK, Reichert J et al (2022) Compari-
son of mental health outcomes in seropositive and seronegative
adolescents during the COVID19 pandemic. Sci Rep 12:2246.
https://doi.org/10.1038/s41598-022-06166-y

Scales J, Chavda J, Ikeda E et al (2023) Device-measured change
in physical activity in primary school children during the UK
COVID-19 pandemic lockdown: a longitudinal study. J Phys Act
Health 20:639-647. https://doi.org/10.1123/jpah.2022-0434
Weihrauch-Bliiher S, Huizinga O, Joisten C et al (2023) Changes
in lifestyle and body weight in children and adolescents during the
COVID-19 pandemic: a representative survey of parents in Ger-
many. Obes Facts 16:301-312. https://doi.org/10.1159/000529116
Jago R, Salway R, House D et al (2023) Short and medium-term
effects of the COVID-19 lockdowns on child and parent acceler-
ometer-measured physical activity and sedentary time: a natural
experiment. Int J Behav Nutr Phys Act 20:42. https://doi.org/10.
1186/s12966-023-01441-1

Authors and Affiliations

34.

35.

36.

37.

Hussong J, Mohler E, Kiihn A et al (2022) Mental health and
health-related quality of life in German adolescents after the third
wave of the COVID-19 pandemic. Children 9:780. https://doi.org/
10.3390/children9060780

Rimes KA, Goodman R, Hotopf M et al (2007) Incidence, prog-
nosis, and risk factors for fatigue and chronic fatigue syndrome in
adolescents: a prospective community study. Pediatrics 119:e603—
€609. https://doi.org/10.1542/peds.2006-2231

ter Wolbeek M, van Doornen LJP, Kavelaars A et al (2008) Predic-
tors of persistent and new-onset fatigue in adolescent girls. Pedi-
atrics 121:e449—e457. https://doi.org/10.1542/peds.2007-1093
Krause L, Sarganas G, Thamm R et al (2019) Kopf-, Bauch- und
Riickenschmerzen bei Kindern und Jugendlichen in Deutschland :
Ergebnisse aus KiGGS Welle 2 und Trends (Headache, abdominal
and back pain in children and adolescents in Germany : Results
from KiGGS Wave 2 and trends). Bundesgesundheitsbl Gesund-
heitsforsch Gesundheitsschutz 62:1184—1194. https://doi.org/10.
1007/500103-019-03007-8

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Anne Schlegtendal® - Christoph Maier’ - Julien Stein? - Jakob Hopner' - Astrid Petersmann®* . Denisa Drinka® -

Reinhard Berner® - Thomas Liicke - Nicole Toepfner’ - Folke Brinkmann

>4

Folke Brinkmann
folke.brinkmann @uksh.de

University Children’s Hospital, St. Josef-Hospital, Ruhr-
University Bochum, Bochum, Germany

Department of Medical Informatics, Biometry
and Epidemiology, Ruhr-University Bochum, Bochum,
Germany

Institute for Clinical Chemistry and Laboratory Medicine,
University Medicine Oldenburg, Oldenburg, Germany

Institute for Clinical Chemistry and Laboratory Medicine,
University Medicine Greifswald, Greifswald, Germany

@ Springer

1,6,7

Faculty of Medicine and University Hospital Carl Gustav
Carus, Department of Pediatrics, TUD Dresden University
of Technology, Dresden, Germany

Department of Pediatrics, Section of Pediatric Pneumology,
University of Liibeck, Campus Liibeck, Liibeck, Germany

Airway Research Center North (ARCN), Germany, Member
of the German Center for Lung Research (DZL), Diisseldorf,
Germany


https://doi.org/10.1016/j.jadohealth.2022.06.022
https://doi.org/10.1038/s41598-022-06166-y
https://doi.org/10.1123/jpah.2022-0434
https://doi.org/10.1159/000529116
https://doi.org/10.1186/s12966-023-01441-1
https://doi.org/10.1186/s12966-023-01441-1
https://doi.org/10.3390/children9060780
https://doi.org/10.3390/children9060780
https://doi.org/10.1542/peds.2006-2231
https://doi.org/10.1542/peds.2007-1093
https://doi.org/10.1007/s00103-019-03007-8
https://doi.org/10.1007/s00103-019-03007-8

	Post-coronavirus disease 2019–associated symptoms among children and adolescents in the SARS-CoV-2 Omicron era
	Abstract
	Purpose 
	Methods 
	Results 

	Introduction and background
	Methods
	Results
	Patient characteristics
	Frequency of typical PCS symptoms
	Variety and severity of typical PCS symptoms
	Patterns of typical PCS symptoms
	Age dependency of typical PCS symptoms
	QoL

	Discussion
	Limitations and strengths

	Conclusion
	Collaborators
	Acknowledgements 
	References


