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Abstract

Purpose To investigate the relationship between the risk of pediatric inflammatory multisystem syndrome temporally associ-
ated with SARS-CoV-2 (PIMS-TS) in children and the predominance of different SARS-CoV-2 variants of concern (VOC)
over time.

Methods In relation to the Alpha, Delta, and Omicron VOC phases of the pandemic, the risk of developing PIMS-TS was
calculated by analyzing data for rtPCR-confirmed SARS-CoV-2 infections reported to the German statutory notification
system, along with data captured by a separate, national PIMS-TS registry. Both overall infection rates and age group-specific
ratios of PIMS-TS during the different pandemic phases were calculated using the Alpha period as the baseline.

Results The PIMS-TS rate changed significantly over time. When the Alpha VOC was dominant [calendar week (CW)
11 in March—-CW 31 in August 2021], the PIMS-TS rate was 6.19 [95% confidence intervals (95% CI) 5.17, 7.20]. When
Delta prevailed (CW 32 in August 2021-CW 4 in January 2022), the rate decreased to 1.68 (95% CI 1.49, 1.87). During the
Omicron phase (CW 5 in January—CW 16 in April 2022), the rate fell further to 0.89 (95% CI 0.79, 1.00). These changes
correspond to a decreased PIMS-TS rate of 73% (rate ratio 0.271, 95% CI 0.222; 0.332) and 86% (rate ratio 0.048, 95% CI
0.037; 0.062), respectively, in comparison to the Alpha period. Rate ratios were nearly identical for all age groups.
Conclusion The data strongly suggest an association between the risk for PIMS-TS and the prevailing VOC, with highest
risk related to Alpha and the lowest to Omicron. Given the uniformity of the decreased risk across age groups, vaccination
against SARS-CoV-2 does not appear to have a significant impact on the risk of children developing PIMS-TS.
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Introduction

Institute of Social Pediatrics and Adolescent Medicine, While children and adolescents usually experience mild
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courses of Coronavirus disease (COVID-19) and hospitali-
zation rates among this group generally are low [1, 2], pedi-
atric inflammatory multisystem syndrome temporally associ-
ated with SARS-CoV-2, (PIMS-TS, also known as MIS-C),
has emerged as one of the most important factors affecting
morbidity related to SARS-CoV-2 in this age group. From
the beginning of the pandemic in early 2020 through May
2021, a period during which the Wuhan and Alpha virus
variants dominated, the risk of developing PIMS-TS was
1:4000 infected children and adolescents in Germany [1].
PIMS-TS is a severe complication following SARS-CoV-2
infection. Its main characteristics are fever and multiple
organ dysfunction—in particular, cardiac dysfunction and
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severe shock—due to the patient’s hyperinflammatory state
[2]. A high proportion of patients require intensive medical
care [3, 4]. Intravenous immunoglobulins (IVIG), steroids,
and, in refractory cases, biologicals such as TNF-alpha- or
IL-1-blockers are often used as treatment. With these treat-
ments, the majority of patients have good outcomes [5].
Mortality rates are low and patients usually recover within
days [6]. Long-term sequelae have been reported in just a
minority of cases [7].

Despite higher infection rates with the Delta and espe-
cially the Omicron variant of SARS-CoV-2, the number of
PIMS-TS does not appear to have increased proportionally
[8,9].

Here we address the question of whether the risk of
PIMS-TS may be related to the SARS-CoV-2 strain preva-
lent in a select geographic region at a certain time. Examin-
ing data for the period March 2021-April 2022, a total of
57 calendar weeks, we compared PIMS-TS rates, (calcu-
lated from PIMS-TS case registry numbers and based upon
reported, laboratory-confirmed SARS-CoV-2 infections),
with the different phases of dominant SARS-CoV-2 variants
of concern (VOC) in Germany. Given that the vaccination
of 12—17 year-olds in Germany began being recommended
in August 2021, we also asked whether or not the PIMS-TS
rate in this adolescent group decreased more markedly than
in younger age groups who did not yet have universal access
to SARS-CoV-2 vaccination.

Materials and methods

For our analysis, we aggregated data from two different
sources. From the statutory notification system of labora-
tory-confirmed SARS-CoV-2 infections managed by the
Robert Koch Institute (RKI), Germany's national public
health institute [10], as well as from a national registry
capturing hospitalized pediatric PIMS-TS cases, one main-
tained by the German Society for Pediatric Infectious Dis-
eases (DGPI) [11], we examined the numbers of reverse
transcription-polymerase chain reaction (rtPCR)-confirmed
SARS-CoV-2 infections.

In Germany, it is obligatory to report SARS-CoV-2 infec-
tions confirmed by rtPCR and/or culture isolation to local
public health authorities. These reports are recorded in a
central database managed by the RKI in Berlin.

During the observation period of our analysis, the test-
ing strategy for school children and adolescents remained
consistent and ongoing throughout Germany. This included
mandatory routine rapid antigen testing (RAT) performed
two to three times a week. In some areas, pooled rtPCR-tests
also were carried out. Pool tests were widely implemented
in kindergartens, but there were differences among testing
strategies in kindergartens depending on the federal state
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they belonged to. Children with a positive RAT were re-
tested by means of a rtPCR; in the event of a positive rtPCR,
the case was reported to the statutory notification system.

Since nearly the beginning of the pandemic (May 2020),
the DGPT’s PIMS-TS registry has captured data on hospitali-
zations of patients under 17 years of age who meet the WHO
case definition of PIMS-TS. All German pediatric hospitals
and departments were invited to participate in the voluntary
reporting of data. During the study period, a total of 209
pediatric hospitals participated in the registry; this represents
approximately 65% of all pediatric departments in Germany.
It should be noted, however, that not all departments treat
patients with PIMS-TS but instead may refer them to depart-
ments that are able to offer a higher level of care. Via a link
on the DGPI website (https://dgpi.de/covid-19-survey-der-
dgpi/), survey participants were able to access an electronic
case report form on a REDCap (Research Electronic Data
Capture) platform hosted at Technische Universitidt Dres-
den. In addition to the number of cases, the pediatricians in
charge provided information on demographic characteristics,
symptoms and clinical signs, treatments (including need for
intensive care), disease course during hospitalization, and
outcome at hospital discharge.

Outcome of interest and statistical analysis

In order to assess the potential association between develop-
ing PIMS-TS and the different virus variants dominant in
Germany, three pandemic periods were defined according
to calendar weeks (CW): CW 11-31 in 2021 (Alpha VOC);
CW 32 in 2021 to CW 4 in 2022 (Delta VOC); and CW
5-16 in 2022 (Omicron VOC) [12]. The dominant variant
was defined as the one accounting for > 50% of the infections
during the respective CW. In CW 11 in 2021, mandatory,
routine SARS-CoV-2 screening via RAT for school children
and adolescents was introduced in Germany. This testing
continued until CW 16 in 2022. Since PIMS-TS is known to
occur on average approximately four weeks following infec-
tion, time periods were adjusted accordingly.

In order to identify potential vaccination effects, the out-
come of interest was calculated in total and then stratified
by age group. Age groups were defined according to the
COVID-19 vaccination recommendations for children in
Germany. For age-specific analysis, the age groups “under
5 years of age”, “5-11 years of age” and “12—17 years of
age” were used. Starting on June 10, 2021, vaccination
for children in Germany began being recommended for
12—17-year-olds with pre-existing conditions. On August 19,
2021, this initial guidance was replaced by a general recom-
mendation to vaccinate all adolescents aged 12—17 years old
[13]. During the overall period studied, no general vaccina-
tion recommendation was in place for children 5-11 years
old; only for those in this age group who had pre-existing
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conditions was vaccination recommended (starting on
December 17, 2021). To date, no vaccine has been licensed
for use in children under 5 years old in Germany.

By dividing the number of PIMS-TS cases by the number
of reported rtPCR-confirmed SARS-CoV-2 infections, the
rate of PIMS-TS per 10,000 SARS-Cov-2 infections was cal-
culated with a 95% confidence interval (95% CI). In addition
to determining the absolute risk, we calculated the overall
and age group-specific rate ratios with 95% CI of PIMS-TS
rates during the different observation periods, using as a
baseline the initial period when Alpha was the dominant
SARS-CoV-2 variant. Also calculated was the respective
percentage decrease in risk during each observation period
as compared to the initial Alpha period. Lastly, we analyzed
rate ratios for the Omicron period with the rate of PIMS-
TS in the Delta period as the baseline. These analyses were
performed using SAS Version 9.4 (SAS Institute, Cary, NC,
USA).

Ethics approval

All data for these analyses were collected in line with the
principles of the Declaration of Helsinki and made available
in anonymized form for scientific purposes. The DGPI regis-
try was approved by the Ethics Committee of the Technische

Universitit (TU) Dresden (BO-EK-110032020) and was
assigned clinical trial number DRKS00021506.

Results

As of December 31, 2020, there were 13,863,259 children
and adolescents under the age of 18 living in Germany:
3,975,333 are < 5 years old; 5,375,407 are 5-11 years old,;
and 4,512,519 are 12-17 years old [14]. During the total
observation period, (CW 11 in 2021 through CW 16 in
2022), a total of 5,224,183 SARS-CoV-2 infections were
reported in children < 18 years old.

During the same period, 531 pediatric cases (< 18 years
old) with PIMS-TS were reported by German pediatric
hospitals, indicating an overall average PIMS-TS rate of
1.02 (95% CI1 0.93, 1.10) per 10,000 infections. However,
the PIMS-TS rate changed significantly over time. When
the Alpha VOC was dominant (CW 11 in March CW 31 in
August 2021), the PIMS-TS rate was 6.19 (95% CI 5.17,
7.20). When Delta prevailed (CW 32 in August 2021-CW
4 in January 2022), the rate decreased to 1.68 (95% CI 1.49,
1.87). During the Omicron phase (CW 5 in January—CW 16
in April 2022), the rate fell further to 0.89 (95% CI 0.79,
1.00) (Table 1). These changes correspond to a decrease
in PIMS-TS rate of 73% (rate ratio 0.271, 95% CI 0.222;

Table 1 Rate of pediatric PIMS-TS during different periods of the SARS-CoV-2 pandemic with different dominant VOC in Germany, overall

and stratified by age groups.

Numbers of

children with rtPCR
Time period confirmed infection |PIMS-TS

n__ Risk per 10.000 (95% Cl)
All

March — August 2021 (CW11-31) 231,114 143 6.19 (5.17; 7.20)
August 2021- January 2022 (CW32-4) 1,732,623 291 1.68 (1.49; 1.87)
January — April 2022 (CW5-16) 3,260,446 97 0.30 (0.24; 0.36)

Children <5 years old

March — August 2021 (CW11-31) 61,238

August 2021- January 2022 (CW32-4) 319,973

January — April 2022 (CW5-16) 667,691
Children 5-11 years old

March — August 2021 (CW11-31) 80,390

August 2021- January 2022 (CW32-4) 792,130

January — April 2022 (CW5-16) 1,374,638
Children 12-17 years old

March — August 2021 (CW11-31) 89,486

August 2021- January 2022 (CW32-4) 620,520

January — April 2022 (CW5-16) 1,218,117

48 7.84 (5.62, 10.06)
78 2.44 (1.90, 2.98)
38 0.57 (0.39, 0.75)

65 8.09 (6.12; 10.05)
149 1.88 (1.58; 2.18)
41 0.30 (0.21; 0.39)

30 3.35 (2.15; 4.55)
67 1.08 (0.82; 1.34)
18 0.15 (0.08; 0.22)
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0.332) and 86% (rate ratio 0.048, 95% CI 0.037; 0.062),
respectively, as compared to the Alpha period. The rate ratio
of pediatric PIMS-TS in the Omicron period as compared to
the Delta period was 0.18 (95% CI 0.14; 0.22). Rate ratios
were nearly identical for all age groups.

With regard to age group-specific results, absolute risk
for PIMS-TS differed. In all phases of the pandemic, abso-
lute risk was greater in the two younger age groups (chil-
dren < 12 years) than it was in children aged 12-17 years
old (Table 1). Over time, however, the decrease in rate
ratios was nearly identical for all three age groups (Fig. 1).
The age group-specific rate of PIMS-TS decreased in the
range of 68% to 77%, with rate ratios of 0.32 (95% CI1 0.21;
0.50) to 0.23 (95% CI1 0.17; 0.31) during the second period
(CW32-4). During the third period (CW5-16) as compared
to the initial period (CW 11-31), it went down by 93% to
96% with rate ratios of 0.07 (95% CI 0.05; 0.11) to 0.04
(95% CI1 0.03, 0.08).

Since the introduction of the SARS-CoV-2 vaccina-
tion recommendation for all adolescents 12—17 years old
in Germany on August 19, 2022, vaccination coverage for
basic immunization with two vaccination doses steadily has
increased in this age group. By the end of the observation
period, coverage had risen to over 60% of all adolescents
(see also [15]). Figure 2 shows vaccine coverage for basic
immunization, which usually covers two consecutive vac-
cinations with BNT162b2. The recommendation to vac-
cinate 5-11 year-old children, issued in early 2022, only
applied to children with pre-existing conditions. As a result,
the basic immunization rate in this age group only reached

Fig. 1 Rate ratios of the 1.0
pediatric PIMS-TS rate per age
group during different periods 09

of the SARS-CoV-2 pandemic
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approximately 20% by the end of the observation period
(Fig. 2).

Discussion

Our analysis reveals that over the course of the COVID-
19 pandemic, the risk of children developing PIMS-TS
decreased along with the emergence of each successive vari-
ant. At the beginning of the observation period, the rate of
PIMS-TS was 6.19 per 100,000 infections; by January 2022,
it had decreased to 0.89. During the three observation peri-
ods examined, different SARS-CoV-2 variants were in cir-
culation. The data suggest a strong correlation between risk
for PIMS-TS and the prevailing VOC, with the highest risk
existing in connection to Alpha and the lowest in relation
to Omicron. Uniformity in the decrease in PIMS-TS across
age groups over time does not, however, indicate that vac-
cination plays a major role in reducing the risk of infected
children developing PIMS-TS. Rather, SARS-CoV-2 vac-
cination appears neither to increase nor decrease the risk
of PIMS-TS. This is consistent with analyses from the UK
[16] and Denmark [17], which also found a lower risk of
PIMS-TS during the periods when Delta and Omicron were
dominant variants.

Because the true number of SARS-CoV-2 infections is
both unclear and difficult to determine, the challenge for
studies like ours is the common denominator. In both our
study and the one from the UK, it was the total number
of reported rtPCR confirmed infections used for analysis.

Delta Omicron

e 0-4 o 511 @ 1217

age group in years
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This seems sensible as long as the relative rate of PIMS-TS
during the Delta and Omicron phases remains the focus.
Interestingly, the rate ratios in the UK and Germany so far
have been nearly identical.

The Danish study had different strengths than ours. While
our study was strictly ecological, the Danish data allowed for
a disentanglement of vaccinated and unvaccinated cohorts.
Unlike ours, it had limitations in relation to its low partici-
pation numbers and its corrections for unidentified cases
in the incidence data. Interestingly, however, the Danish
study found virtually the same risk for PIMS-TS in the wild
virus period, as had been shown previously [1]. Although
the numbers were too small for them to calculate rate ratios,
a cursory review of their data for the Delta and Omicron
periods suggests reductions similar to both our analysis and
that from the UK study. Although the Danish study was able
to break down the data by age groups, here again the number
of cases was too small to provide a conclusive analysis. By
contrast, our age group-specific data are based upon sub-
stantial higher case numbers and do not suggest there to be
a more significant reduction among the vaccinated cohorts.

Despite two-dose-vaccination coverage among
12-17 year-old adolescents having reached over 60% in
Germany by April 2022, there was no parallel indication
of a reduction in the PIMS-TS rate among this age group.
Interestingly, a vaccination rate of over 50% in this age
group already had been attained by December 2021—i.e.,
well before the emergence of Omicron in Germany. Since
vaccination reduces the absolute risk of infection, it is

T T T
775767276 %9 507 00 5 55 20500 Y7 0 % 7 5 V8 2% Y0 0 7 2% e T 6 2 %8 Yo 0% D

T
PR TSI 7,
T’o\—)

o

Calendar weeks

children and adolescents, while triangular icons indicate vaccination
coverage of 5-11 year-olds

possible that vaccination does impact the absolute risk of
PIMS-TS, but this is not a factor we were directly able to
control for in our data. Given the low and rapidly waning
effectiveness of vaccines vis-a-vis preventing mild disease
among children infected with Omicron [18, 19], we pre-
sume the effect to be low.

The strength of our analysis lies in its use of popu-
lation-based data and the inclusion of over five million
confirmed SARS-CoV-2 infections detected by means of
a uniform, widely available, testing strategy during the
observation period—-with more than 30% of seropositive
cases identified as of March 2021 [20]. Since May 2022,
routine screening tests no longer have been mandatory in
German schools. As a result, in the future analyses such
as the one presented here will be far more difficult to carry
out with any validity, since the number of unreported cases
will change over time. The testing strategy being imple-
mented at any given moment also has an impact. With
our study, our hope is that our epidemiological findings
will shed light on the pathophysiology of PIMS-TS. Since
the SARS-CoV-2 variants mainly differ in their mutations
within the viral S-protein, it is possible that the immuno-
logical response to the S-protein may be responsible for
the hyperinflammatory state displayed with PIMS-TS. This
hypothesis is additionally supported by true PIMS-TS fol-
lowing vaccination with the mRNA-vaccine coding for the
S-protein occasionally have been observed without prior
infection having taken place.
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Limitations

Our study contains some limitations. First, even though a
RAT screening strategy for all children in Germany was
routine and mandatory during the period of our analysis,
a degree of ascertainment bias for the infection rate can-
not be completely ruled out. However, given the degree of
the variant-effect on the risk of PIMS-TS, it is unlikely to
have been caused by variations in rtPCR-tests conducted.

Second, our analysis cannot provide data regarding the
absolute risk of PIMS-TS in relation to different SARS-
CoV-2 variants, since even with a uniform, routine screen-
ing strategy, a degree of underreporting in the numbers
of the statutory notification systems remains unavoid-
able. For this reason, we only are able to describe relative
changes. With reductions of approximately 70-90%, how-
ever, the impacts demonstrated were substantial. Previous
estimates of the absolute risk of PIMS-TS in Germany
[1] and the US [16] have shown the absolute risk of the
original Wuhan and Alpha variants to be approximately
1:4,000. By contrast, the absolute risk for PIMS-TS related
to Omicron infections appears to be between 1:40,000 and
1:80,000.

Additionally, the DGPI’s PIMS-registry is based upon
voluntary notification. Although the vast majority of hos-
pitals caring for patients with PIMS-TS have been report-
ing their cases to this registry, we cannot rule out a level
of underreporting. Given that there are no other reporting
systems for PIMS-TS cases in Germany, we are unable to
validate the reports’ completeness. Nevertheless, even in the
event of underreporting, it is important to note that reporting
has remained consistent over time; relative trends therefore
should not be impacted.

Conclusion

Our data confirm the results of other ecological studies sug-
gesting that the risk of developing PIMS-TS appears to be
reduced in relation to the Delta and Omicron variants. Muta-
tions of the SARS-CoV-2 virus seem to significantly impact
the risk for PIMS-TS. The strength of our analysis lies in
the denominator of SARS-CoV-2 infection, which allows
the assessment of PIMS-TS risk by infection. The effect of
COVID-19 vaccination on the risk of developing PIMS-TS
seems less pronounced and relevant than the variant effect;
this, however, cannot be directly deduced from our data.

Author contributions All authors contributed to the analysis concep-
tion and design. ALS and JA performed material preparation, data
collection, and analysis. The first draft of the manuscript was written
by ALS, RVK and JA. All authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

@ Springer

Funding Open Access funding enabled and organized by Projekt
DEAL. This research received no funding to assist with preparation
of the manuscript.

Data availability and materials

Data and analysis code are available upon reasonable request. The
data used for this study should be requested from the corresponding
author.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose and 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 Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

1. Sorg AL, Hufnagel M, Doenhardt M, Diffloth N, Schroten H,
Kries VR, et al. Risk of hospitalization severe disease and mor-
tality due to Germany. MedRxiv. 2021. https://doi.org/10.1101/
2021.11.30.21267048.

2. World Health Organization (WHO). 2020 Multisystem inflam-
matory syndrome in children and adolescents with COVID-19:
Scientific brief 15 May 2020. https://www.who.int/publicatio
ns/i/item/multisystem-inflammatory-syndrome-in-children-and-
adolescents-with-covid-19. Accessed 11 Jul 2022.

3. Piekarski F, Steinbicker AU, Armann JP. The multisystem
inflammatory syndrome in children and its association to SARS-
CoV-2. Curr Opin Anaesthesiol. 2021;34:521-9. https://doi.org/
10.1097/AC0.0000000000001024.

4. Radia T, Williams N, Agrawal P, Harman K, Weale J, Cook J,
Gupta A. Multi-system inflammatory syndrome in children &
adolescents (MIS-C): a systematic review of clinical features
and presentation. Paediatr Respir Rev. 2021;38:51-7. https://
doi.org/10.1016/.prrv.2020.08.001.

5. Davies P, Du Pré P, Lillie J, Kanthimathinathan HK. One-
year outcomes of critical care patients post-COVID-19 mul-
tisystem inflammatory syndrome in children. JAMA Pediatr.
2021;175:1281-3. https://doi.org/10.1001/jamapediatrics.2021.
2993.

6. Santos MO, Gongalves LC, Silva PAN, Moreira ALE, Ito CRM,
Peixoto FAO, et al. Multisystem inflammatory syndrome (MIS-
C): a systematic review and meta-analysis of clinical character-
istics, treatment, and outcomes. J Pediatr (Rio J). 2022;98:338—
49. https://doi.org/10.1016/j.jped.2021.08.006.

7. Felsenstein S, Duong P, Lane S, Jones C, Pain CE, Hedrich
CM. Cardiac pathology and outcomes vary between Kawasaki
disease and PIMS-TS. Clin Immunol. 2021;229: 108780. https://
doi.org/10.1016/j.clim.2021.108780.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1101/2021.11.30.21267048
https://doi.org/10.1101/2021.11.30.21267048
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://doi.org/10.1097/ACO.0000000000001024
https://doi.org/10.1097/ACO.0000000000001024
https://doi.org/10.1016/j.prrv.2020.08.001
https://doi.org/10.1016/j.prrv.2020.08.001
https://doi.org/10.1001/jamapediatrics.2021.2993
https://doi.org/10.1001/jamapediatrics.2021.2993
https://doi.org/10.1016/j.jped.2021.08.006
https://doi.org/10.1016/j.clim.2021.108780
https://doi.org/10.1016/j.clim.2021.108780

SARS-CoV-2 variants and the risk of pediatric inflammatory multisystem syndrome temporally...

8.

10.

11.

12.

Centers for disease control and prevention (cdc). 2022 covid
data tracker: health department-reported cases of multisystem
inflammatory syndrome in children (MIS-C) in the United
States. https://covid.cdc.gov/covid-data-tracker/#mis-national-
surveillance. Accessed 11 Jul 2022.

German Society for Pediatric Infectious Diseases (DGPI). 2022
PIMS-Survey-Update:, Kalenderwoche 27: Aktuelle Ergebnisse
der Datensammlung von Pediatric Inflammatory Multisystem
Syndrome (PIMS)-Fille bei Kindern und Jugendlichen in
Deutschland. 11.07.2022. https://dgpi.de/pims-survey-update/.
Accessed 11 Jul 2022.

Robert Koch Institute (ed.) 2022 Number of COVID-19 infections
in Germany: age groups. 28.06.2022. https://npgeo-corona-npgeo-
de.hub.arcgis.com/. Accessed 28 Jun 2022.

German Society for Pediatric Infectious Diseases (DGPI). 2022
PIMS Survey Update. https://dgpi.de/pims-survey-update/.
Accessed 28 Jun 2022.

Robert Koch Institute (ed.) 2022 SARS-CoV-2 virus variants of
concern (VOC): Number and proportions of VOCs and VOIs in
Germany (xIsx table).. https://www.rki.de/DE/Content/InfAZ/N/
Neuartiges_Coronavirus/Virusvariante.html. Accessed 28 Jun
2022.

. Koch J, Vygen-Bonnet S, Bogdan C, Burchard G, Garbe E, Hei-

ninger U, Hummers E, von Kries R, Ledig T, Littmann M, Meer-
pohl J, Mertens T, Meyer H, Robl-Mathieu M, van der Sande
M, Terhardt M, Uberla K, Wichmann O, Wicker S, Wieder-
mannSchmidt U, Widders G, Zepp F (2022) Wissenschaftliche
Begriindung zur COVID-19-Impfempfehlung der STIKO fiir
Personen mit durchgemachter SARS-CoV-2-Infektion und bisher
unvollstdndiger Immunisierung. Epid Bull 21:44-51. https://doi.
org/10.25646/10068.2

14.

15.

16.

17.

19.

20.

German Federal Statistical Office. 2021 GENESIS-Online: Ergeb-
nis 12411-0005: Bevolkerung: Deutschland, Stichtag, Altersjahre
- date. https://www-genesis.destatis.de/genesis//online?opera
tion=table&code=12411-0005&bypass=true&levelindex=1&
levelid=1656496769717#abreadcrumb. Accessed 29 Jun 2022.
Robert Koch Institute (ed.) 2022 Coronavirus SARS-CoV-2: Digi-
tal vaccination coverage monitoring for COVID-19 vaccination.
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavi-
rus/Daten/Impfquoten-Tab.html. Accessed 14 Jul 2022.

Cohen JM, Carter MJ, Ronny Cheung C, Ladhani S. Lower risk
of multisystem inflammatory syndrome in children (MIS-C) with
the delta and omicron variants of SARS-CoV-2. Clin Infect Dis.
2022. https://doi.org/10.1093/cid/ciac553.

Holm M, Espenhain L, Glenthgj J, Schmidt LS, Nordly SB, Har-
tling UB, Nygaard U. Risk and phenotype of multisystem inflam-
matory syndrome in vaccinated and unvaccinated Danish children
before and during the omicron wave. JAMA Pediatr. 2022. https://
doi.org/10.1001/jamapediatrics.2022.2206.

. Price AM, Olson SM, Newhams MM, Halasa NB, Boom JA,

Sahni LC, et al. BNT162b2 Protection against the omicron variant
in children and adolescents. N Engl J Med. 2022;386:1899-909.
https://doi.org/10.1056/NEJM0a2202826.

Dorabawila V, Hoefer D, Bauer UE, Bassett MT, Lutterloh E,
Rosenberg ES (2022) Risk of infection and hospitalization
among vaccinated and unvaccinated children and adolescents in
New York after the emergence of the omicron variant. JAMA
327:S.2242-2244. https://doi.org/10.1001/jama.2022.7319

Sorg A-L, Bergfeld L, Jank M, Corman V, Semmler I, Goertz A,
et al. Cross-sectional seroprevalence surveys of SARS-CoV-2 anti-
bodies in children in Germany, June 2020 to May 2021. Nat Com-
mun. 2022;13:3128. https://doi.org/10.1038/s41467-022-30482-6.

@ Springer


https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance
https://dgpi.de/pims-survey-update/
https://npgeo-corona-npgeo-de.hub.arcgis.com/
https://npgeo-corona-npgeo-de.hub.arcgis.com/
https://dgpi.de/pims-survey-update/
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Virusvariante.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Virusvariante.html
https://doi.org/10.25646/10068.2
https://doi.org/10.25646/10068.2
https://www-genesis.destatis.de/genesis//online?operation=table&code=12411-0005&bypass=true&levelindex=1&levelid=1656496769717#abreadcrumb
https://www-genesis.destatis.de/genesis//online?operation=table&code=12411-0005&bypass=true&levelindex=1&levelid=1656496769717#abreadcrumb
https://www-genesis.destatis.de/genesis//online?operation=table&code=12411-0005&bypass=true&levelindex=1&levelid=1656496769717#abreadcrumb
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Impfquoten-Tab.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Impfquoten-Tab.html
https://doi.org/10.1093/cid/ciac553
https://doi.org/10.1001/jamapediatrics.2022.2206
https://doi.org/10.1001/jamapediatrics.2022.2206
https://doi.org/10.1056/NEJMoa2202826
https://doi.org/10.1001/jama.2022.7319
https://doi.org/10.1038/s41467-022-30482-6

	SARS-CoV-2 variants and the risk of pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2 among children in Germany
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Outcome of interest and statistical analysis
	Ethics approval

	Results
	Discussion
	Limitations

	Conclusion
	References




