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Abstract
Multisystem inflammatory syndrome in children (MIS-C) is a rare but severe disease temporarily related to SARS-CoV-2. We aimed
to describe the epidemiological, clinical, and laboratory findings of all MIS-C cases diagnosed in children < 18 years old in Catalonia
(Spain) to study their trend throughout the pandemic. This was a multicenter ambispective observational cohort study (April 2020~
April 2022). Data were obtained from the COVID-19 Catalan surveillance system and from all hospitals in Catalonia. We analyzed
MIS-C cases regarding SARS-CoV-2 variants for demographics, symptoms, severity, monthly MIS-C incidence, ratio between MIS-C
and accumulated COVID-19 cases, and associated rate ratios (RR). Among 555,848 SARS-CoV-2 infections, 152 children were
diagnosed with MIS-C. The monthly MIS-C incidence was 4.1 (95% CI: 3.4-4.8) per 1,000,000 people, and 273 (95% CI: 230-316)
per 1,000,000 SARS-CoV-2 infections (i.e., one case per 3,700 SARS-CoV-2 infections). During the Omicron period, the MIS-C RR
was 8.2 (95% CI: 5.7-11.7) per 1,000,000 SARS-CoV-2 infections, which was significantly lower (p <0.001) than that for previous
variant periods in all age groups. The median [IQR] age of MIS-C was 8 [4—11] years, 62.5% male, and 80.2% without comorbidities.
Common symptoms were gastrointestinal findings (88.2%) and fever> 39 °C (81.6%); nearly 40% had an abnormal echocardiography,
and 7% had coronary aneurysm. Clinical manifestations and laboratory data were not different throughout the variant periods (p >0.05).
Conclusion: The RR between MIS-C cases and SARS-CoV-2 infections was significantly lower in the Omicron period for
all age groups, including those not vaccinated, suggesting that the variant could be the main factor for this shift in the MISC
trend. Regardless of variant type, the patients had similar phenotypes and severity throughout the pandemic.

What is Known:

® Before our study, only two publications investigated the incidence of MIS-C regardingSARS-CoV-2 variants in Europe, one from Southeast
England and another from Denmark.

What is New:

o To our knowledge, this is the first study investigating MIS-C incidence in Southern Europe, with the ability to recruit all MIS-C cases in a
determined area and analyze the rate ratio for MIS-C among SARS-CoV-2 infections throughout variant periods.

o We found a lower rate ratio of MISC/infections with SARS-CoV-2 in the Omicron periodfor all age groups, including those not eligible for
vaccination, suggesting that the variant could be the main factor for this shift in the MISC trend.
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Abbreviations

ALT Alanine aminotransferase

CDC Centers for Disease Control and
Prevention

CI Confidence interval

CMV Cytomegalovirus infection

COPEDI-CAT Pediatric COVID-19 research network in
Catalonia

COVID-19 Coronavirus disease 2019

EBV Epstein Barr virus

ECMO Extracorporeal membrane oxygenation

HLH Hemophagocytic lymphohistiocytosis

IeG Immunoglobulin G

IL-1 Interleukin-1

MV Invasive mechanical ventilation

IQR Interquartile range

IVIG Intravenous immunoglobulin

KD Kawasaki disease

L Liter

MAS Macrophage activation syndrome

MIS-C Multisystem inflammatory syndrome in
children

NIV Non-invasive ventilation

p p-Value for statistical significance

RCPCH Royal College of Paediatrics and Child
Health

pg/ml Picograms per milliliter

PICU Pediatric intensive care unit

Pro-BNP N-terminal prohormone of brain
natriuretic peptide

REDCap®© Research Electronic Data Capture

RR Rate ratio

RT-PCR Reverse transcriptase polymerase chain
reaction

SARS-CoV-2  Severe acute respiratory syndrome
coronavirus 2

UI/L International units per liter

UK United Kingdom

[N United States

WHO World Health Organization

W.I.L. With regard to

Introduction

In December 2019, the new SARS-CoV-2 emerged in China.
To date, severe COVID-19 in children remains infrequent;
most of them are asymptomatic or exhibit mild symptoms
during the acute phase of the infection, in contrast to adults [1].

However, SARS-CoV-2 infection has been associated
with MIS-C, which develops approximately 2 to 6 weeks
after mild or asymptomatic infection, although some cases
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have also been described during the acute infection [2].
The case definition of MIS-C has been established by dif-
ferent institutions such as the WHO (May 15, 2020) [3],
the US CDC (May 14, 2020) [4], and the Royal College
of Paediatrics and Child Health in the UK (May 1, 2020)
[5]. The clinical features of this syndrome have been widely
defined and described in several report series, overlapping
features of KD, toxic shock syndrome, bacterial sepsis, and
macrophage-activation syndrome [6-9]. Recently, it has
also been described in some patients after vaccination with
mRNA vaccines [10].

Even so, differential characteristics have been observed
in MIS-C cases, leading more frequently to shock due to
myocardial dysfunction [9]. Additionally, children require
timely recognition and prompt start of immunosuppressive
treatment, such as IVIG, high dose of methylprednisolone
and/or IL-1 inhibitor drugs in refractory cases.

The MIS-C incidence among all SARS-CoV-2 infections
has been difficult to determine throughout the pandemic,
given the high rate of asymptomatic infection in the pediatric
population. In Catalonia (Spain), systematic screening in the
schools for all the classmates of COVID-19 cases was main-
tained from September 2020, after the first pandemic wave
[11], to January 2022. This protocol enabled the detection
of most of the asymptomatic pediatric cases that otherwise
would not have been diagnosed [12]. However, whether this
risk for MIS-C is sustained with new SARS-CoV-2 variants
and vaccination remains unknown.

In this study, we analyzed a large cohort of all consecu-
tive MIS-C cases diagnosed and treated in Catalonia, Spain,
since the onset of the pandemic, thanks to the effort of the
multidisciplinary COPEDI-CAT network team. We aimed
not only to estimate the main MIS-C epidemiological char-
acteristics, but also to describe the clinical and laboratory
findings, the type and responses to the treatment adminis-
tered and the final outcomes of the disease across the differ-
ent SARS-CoV-2 variant epidemic waves.

Materials and methods
Study design and study population

This is a multicenter ambispective observational cohort
study of patients aged < 18 years old in Catalonia (Spain)
diagnosed with MIS-C during the period from April 20,
2020, to April 30, 2022. The WHO definition criteria
were used for the inclusion of the cases [3]. Children were
excluded from this study, according with the MIS-C defini-
tion, if the pediatrician attending the case had an alternate
probable etiology of the disease such as bacterial infection,
toxic shock syndrome, KD, HLH or MAS, rickettsia, viral
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syndrome, lupus, and vasculitis. They also were excluded if
information regarding the MIS-C diagnosis was missing or
if another diagnosis was made after hospitalization.

Data sources and data analysis

Epidemiological and clinical data were obtained from the
COVID-19 Catalan surveillance system and medical records
of all hospitals in Catalonia. Demographic, laboratory and
clinical data were collected from hospital patient history and
uploaded to the REDCap® database. The phenotype, severity,
and incidence of MIS-C were compared in different periods
regarding predominant variants (>50% of random samples)
in our location: the Wuhan type April 2020-February 2021
[13], the Alpha February 2021-June 2021 [14], the Delta
June 2021-December 2021 [15], and the Omicron December
2021-April 2022. In addition, we used the six epidemiologi-
cal periods (based on successive waves, independent of vari-
ants) defined by the Spanish Public Health authorities to study
the evolution of MIS-C cases regarding COVID-19 incidence
[16]. MIS-C was divided by age groups regarding vaccina-
tion recommendations (0-5 years, 611 years, 12—17 years).
Vaccination status was verified through searches of national
immunization information systems, including children’s vac-
cine cards. Patients were considered unvaccinated if they had
received no doses, partially vaccinated if they had received
one dose, and completely vaccinated if they had received two
doses (the second dose > 14 days before the MIS-C episode).
They were considered immunized if they received one dose
with a documented SARS-CoV-2 infection and had a docu-
mented SARS-CoV-2 infection.

MIS-C incidence per SARS-CoV-2 infection

Monthly MIS-C incidence rate per 1,000,000 people in
all variant-associated periods was estimated by dividing
the number of the monthly reported MIS-C cases by the
number of < 18 years old people. In addition, we also cal-
culated the rate between MIS-C cases and COVID-19 cases
(from — 30 days w.r.t. the MIS-C interval [2]) in each epi-
demiological wave and variant-associated period. The pub-
lic health authorities in Catalonia launched a protocol in
September 2020 for testing all the exposed children within
bubble groups in the schools (contacts of the initial case
at school) [11, 12], which was maintained until the end of
January 2022, when Omicron was the prevalent variant.
All the health districts or regions in Catalonia followed the
same protocol, the diagnostic effort in the pediatric popula-
tion was maintained everywhere throughout the pandemic.

Schools remained open between September 2020 and the
end of the study period.

Statistical analyses

MIS-C cases during the pandemic were analyzed accord-
ing to the different SARS-CoV-2 predominant variants.
Demographics, clinical findings, and phenotypes concern-
ing organ involvement, hypotension, and need for admis-
sion in the PICU, laboratory characteristics, and specific
treatment were included in the predominant variant-related
analysis. Statistical analyses were performed with R (v4.2.0)
and Python (v3.7.13). Quantitative variables are presented
as the median and IQR, and categorical variables are pre-
sented as the number of children for each category and the
corresponding percentage. Fisher’s exact tests were used to
compare categorical variables between groups; z-tests were
performed for analyzing MIS-C monthly incidence and
rate. Kruskal-Wallis test was used to compare groups for
quantitative variables. Benjamini and Hochberg correction
was used for a more conservative measure of significance
for multiple comparisons in results (excluding MIS-C rate
and monthly incidence). RR and its 95% CI were com-
puted to compare rates of MIS-C and SARS-CoV-2 infec-
tions between variant periods. For all tests, the results were
considered significant if p <0.05. The Alpha type period
was excluded from most of the analyses due to the low data
volume, and the Wuhan period, prior to 1st July 2020, was
excluded from the MIS-C rate analyses because of the low
testing capacity at that time.

Results
Epidemiology data

One hundred fifty-two children were recruited, correspond-
ing to the whole number of MIS-C cases during this study
period. Regarding the SARS-CoV-2 variant periods, 73, 5,
44, and 30 cases were diagnosed for Wuhan, Alpha, Delta,
and Omicron periods, respectively (Table 1).

Demographic data

The median (IQR) age was 8 (4-11) years; 62.5% were
male, and 80.2% did not have any comorbidities. COVID-
19 was previously diagnosed in 45.4% (69/152) of patients
and was mostly asymptomatic. Nearly 60% (91/152) were
Caucasian, 15% (23/152) were Hispanic, and 8.6% (13/152)
were Black African, among other ethnicities (Table 2).
None of them died.
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Table1 MIS-C cases (n=152), SARS-CoV-2 infections, MIS-C inci-
dence and rate between MIS-C cases and SARS-CoV-2 infections (from —

30 days w.r.t. the MIS-C interval) by SARS-CoV-2 variant. Population
references (by group) for incidences are constant throughout all variants

Incidences per variants p-val

Age group/sex Whole study Wuhan Wuhan period Alpha period Delta period Omicron

period period (post-Jul 1) period
(pre-Jul 1)

MIS-C cases, Total 152 (100) 16 (100) 57 (100) 5 (100) 44 (100) 30 (100) -
n (%) 04 41 (27.0) 6 (37.5) 16 (28.1) 3 (60.0) 9 (20.4) 7(23.3) -

5-11 74 (48.7) 6 (37.5) 25 (43.8) 1 (20.0) 27 (61.4) 15 (50.0) -

12-17 37 (24.3) 4(25.0) 16 (28.1) 1 (20.0) 8 (18.2) 8 (23.7) -

Female 57 (37.5) 6 (37.5) 21 (36.8) 4 (80.0) 18 (40.9) 8 (23.7) -

Male 95 (62.5) 10 (62.5) 36 (63.2) 1 (20.0) 26 (59.1) 22 (73.3) -
SARS-CoV-2  Total 555,848 (100) 654 (100) 78,158 (100) 28,812 (100) 81,814 (100) 366,410 (100) -
infections 04 89,883 (16.2)  173(26.5) 12,674 (162) 4226 (147) 11,388 (13.9) 61,422 (16.8) -

5-11 242,430 (40.2) 189(28.9) 28,905 (46.8) 11,019 (47.1) 35,934 (42.2) 166,383 (37.8) -

12-17 223,535 (43.6) 292 (44.6) 36,579 (37.0) 13,567 (38.2) 34,492 (43.9) 138,605 (45.4) -

Female 272,806 (49.1) 339(51.8)  38,355(49.1) 13,877 (48.2) 41,175(50.3) 179,060 (48.9) -

Male 283,042 (50.9) 315(482) 39,803 (50.9) 14,935 (51.8) 40,639 (49.7) 187,350 (51.1) -
MIS-C Total 41 36 5.0 0.8 49 4.6 0.68°
monthly 0-4 5.0 6.1 6.4 2.3 4.6 4.8 0.85°
tl;cigﬁ;‘“ 5-11 49 33 55 0.4 75 57 0.28°

12-17 26 24 3.7 0.4 24 3.2 0.7

Female 3.1 2.8 3.8 1.4 4.1 25 0.6%

Male 49 43 6.1 0.3 5.6 6.5 0.73¢
Rate between  Total 273 24,4655 729 174 538 82 <0.001°
MIS-C cases (4 456 34,6825 1262 710 790 114 <0.001°
:‘j‘:)‘i,_SZARS' 5-11 305 31,7465 865 91 751 90 <0.001°
infections 12-17 166 13,6998 437 74 232 58 <0.001°
(x10% Female 209 17,6995 548 288 437 45 <0.001°

Male 336 31,746% 905 67 640 117 <0.001°
Rate ratio Total - * 8.9(5.7-13.8) 2.1(0.8-5.5) 6.6 (4.1-10.4) 1 -
(Omicron 0-4 - * 11.1 (4.6-26.9) 6.2(1.6-24.1) 6.9 (2.6-18.6) 1 -
reference) 5, - * 9.6(5.1-182) 1.0 (0.1-7.6) 83 (4.4-15.7) 1 -

12-17 - * 7.6 (32-17.7) 1.3(0.2-10.2) 4.0 (1.5-10.7) 1 -

Female - * 12.2(5.4-27.7) 6.5(1.9-21.4) 9.8 (4.3-22.5) 1 -

Male - # 7.7 (4.5-13.1) 0.6(0.1-42) 54(3.1-9.6) 1 -

“Rate ratio is not included for the Wuhan period before July 1, 2020, due to the lack of methods available for COVID-19 diagnosis elsewhere in

Catalonia, Spain

¢P-values come from two-sided z-tests (¢ =0.05) excluding the Alpha period

b p_values come from two-sided z-tests (a=0.05) excluding the Wuhan period (before July 1, 2020)

SThe values of the MIS-C rate in Wuhan before July 1, 2020, are unable to be compared with the values for other periods (Wuhan after July 1,
2020, Alpha, Delta, and Omicron) due to the lack of access to COVID-19 diagnosis in the former period. Therefore, the analysis comparing the
rates across the variants does not include the period of Wuhan before July 1, 2020

Laboratory evidence of SARS-CoV-2 data

In Fig. 1, we describe the cohort of children regarding the
results for serological (SARS-CoV-2 positive 1gG) and
microbiological tests for SARS-CoV-2, and vaccination

SARS-CoV-2 infection and the MIS-C diagnosis was 5.1
[4.2-6.3] weeks, with a range of 0.4-14.6 weeks. Over-

against COVID-19. The median [IQR] time between the

@ Springer

all, 131 (86.2%) tested positive by SARS-CoV-2 IgG, 33
(21.7%) tested positive by SARS-CoV-2 RT-PCR, and 5
(3.3%) tested positive by rapid antigen testing (Fig. 1).
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Table 2 MIS-C bivariable analysis for epidemiological, clinical, laboratory, echocardiography, and hospital outcomes according to SARS-CoV-2

variant periods

All MIS-C Wauhan period Alpha period Delta period Omicron period p-val?
n: 152,100% n: 73, 48% n:5,3% n: 44, 29% n: 30, 20%
Rate (x 10%)° 273 926 173 538 82 <0.001
Monthly incidence 4.1 4.6 0.8 4.9 4.6 <0.001
(x10%
Demographic and
COVID-19 related
findings
Gender, n (%)
Male 95 (62.5) 46 (63.0) 1(20.0) 26 (59.1) 22 (73.3) 0.83
Female 57 (37.5) 27 (37.0) 4 (80.0) 18 (40.9) 8(26.7) -
Age (years), median 8 (4-11) 8 (4-12) 4 (2-5) 8 (5-10) 8 (5.25-11.75) 0.87
(IQR)
Ethnicity/race, n (%)
Caucasian 91 (59.9) 48 (65.8) 2 (40.0) 20 (45.5) 21 (70.0) 0.47
Hispanic (Latin 23 (15.1) 8 (11.0) 1 (20.0) 10 (22.7) 4 (13.3) 0.69
America)
Black African 13 (8.6) 8 (11.0) 1 (20.0) 3(6.8) 1(3.3) 0.83
Arabic 12 (7.9) 3(4.1) 0(0.0) 7(15.9) 2 (6.7) 0.47
Asian 7 (4.6) 3(4.1) 1 (20.0) 1(2.3) 2 (6.7) 1
Other/mixed 6 (4.0) 3(4.1) 0(0.0) 3(6.8) 0(0.0) 0.83
Recent COVID-19 69 (45.4) 29 (42.7) 2 (40.0) 23 (52.3) 15 (50.0) 0.83
infection, n (%)
SARS-CoV-2 at MIS-C diagnosis, r (%)
RT-PCR positive 33 (21.7) 19 (26.0) 2 (40.0) 8 (18.2) 4(13.3) 0.47
RAT positive 5@3.3) 0(0.0) 0(0.0) 1(2.3) 4(13.3) 0.13
IgG SARS-CoV-2 131 (86.2) 64 (87.7) 3 (60.0) 41(93.2) 23 (76.7) 0.47
positive at MIS-C
diagnosis, n (%)
Clinical findings (r (%))
Fever at 150 (98.7) 71(97.3) 5 (100.0) 44 (100.0) 30 (100.0) 1
admission
Fever (> 39) 124 (81.6) 57 (78.1) 5 (100.0) 36 (81.8) 26 (86.7) 1
Rash 90 (59.2) 42 (58.3) 4 (80.0) 25 (56.8) 19 (63.3) 1
Conjunctivitis 83 (54.6) 33 (45.2) 4 (80.0) 22 (50.0) 24 (80.0) 0.13
Oral lesions 55 (36.2) 25 (34.3) 1 (20.0) 13 (29.6) 16 (53.3) 0.47
Cervical 29 (19.1) 11 (15.1) 0(0.0) 11 (25.0) 7(23.3) 0.79
lymphadenopathy
(>1.5cm)
Gastrointestinal 134 (88.2) 65 (89.0) 2 (40.0) 39 (88.6) 28 (93.3) 1
symptoms
Respiratory 35(23.0) 16 (21.9) 1(20.0) 11 (25.0) 7(23.3) 1
symptoms
Neurologic 19 (12.5) 11 (15.1) 0(0.0) 8(18.2) 1(3.3) 0.66
symptoms
Hypotension/shock 81 (53.3) 42 (57.5) 0(0.0) 23 (52.3) 16 (53.3) 1
PICU admission 68 (44.7) 36 (49.3) 0(0.0) 19 (43.2) 13 (43.3) 1
Laboratory results
Hemoglobin 11.8 (10.9-12.7) 12 (11.0-12.6) 11.1 (10.7-11.9) 11.4 (10.8-12.0) 12.5 (11.1-12.9) 0.69
(g/dL), median
(IQR)
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Table 2 (continued)

All MIS-C Wuhan period Alpha period Delta period Omicron period p-val®
n: 152, 100% n: 73, 48% n:5,3% n: 44,29% n: 30, 20%
Leukocytes 9.45 (6.35-13.00)  9.55 (6.4-13.3) 9.8 (7.7-10.93) 8.19 (5.64-11.4) 9.55 (6.4-13.3) 0.47
(10°/L), median
(IQR)
Platelets (10°/L) 171 (114-232.25) 162 (110-230) 327 (211-330) 170.5 (132.5-227.5) 167 (103.5-229) 0.47
median (IQR)
Platelets < 150 92 (60.5) 30 (41.1) 0(0.0) 17 (38.6) 13 (43.3) 1
(10°/L), n (%)
Lymphocytes <1.0 75 (49.3) 37 (50.7) 2 (40.0) 22 (50.0) 16 (53.3) 1
(10°/L), n (%)
CPR (mg/dL), 17.25 (11.28- 17.2 (10.73-25.7) 21.8 (15.9-23.39) 16.5 (12.55-22.36)  17.75(10.95-25.57) 1
median (IQR) 24.82)
Procalcitonin (ng/ 3.7 (1.43-10.67) 3.67 (1.45-7.43) 3.16 (2.25-4.07) 2.46 (1.24-6.48 7.0 (2.6-17.45) 0.78
mL), median
(IQR)
Ferritin (ng/mL), 399 (237-640) 393 (193.5-569.5) 547 (496.25-592.92) 350 (240.0-575.25) 631.5 (332.75— 0.47
median (IQR) 1460.25)
IL-6 (ng/L), 162.29 (52-380.9)  100.6 (31.37— 308 (275.45-387.35) 182.55(92.27- 206.75 (82.75- 0.67
median (IQR) 248.52) 385.17) 392.17)
Pro-BNP (pg/mL), 2411.0 (583.1- 3277.0 (1006.0- 1093.0 (306.475- 1401.5 (301.5— 2230.5 (675.5— 0.47
median (IQR) 5804.5) 7726.5) 2212.5) 4132.0) 10,049.7)
D-dimer (ng/mL), 2150.5 (1187.75- 1999 (854-5030) 1719 (1624-1857.5) 2652 (1487.5- 2039 (1630-5130)  0.96
median (IQR) 4192.5) 3948.5)
ALT (IU/L), r (%)
<50 91 (59.9) 42 (57.5) 1 (20.0) 32 (72.7) 16 (53.3) 0.76
>250 4(2.6) 3@4.D) 1 (20.0) 0(0.0) 0 (0.0 0.96
Echocardiography
Pathologic 60 (39.5) 31 (42.5) 2 (40.0) 16 (36.4) 11 (36.7) 0.96
echocardiography
Ventricular 22 (14.5) 12 (16.4) 0(0.0) 6 (13.6) 4 (13.3) 0.83
dysfunction
Coronary 15(9.8) 9(12.3) 0 49.1) 2(6.7) 0.96
abnormalities
Hospital stay
Length of hospital 7 (5-9) 7 (5-10.25) 6 (5-9) 7 (5-8) 5 (4-8) 0.75
stay (days),
median (IQR)
PICU admission, 68 (44.7) 36 (49.3) 0(0.0) 19 (43.2) 13 (43.3) 1
n (%)
Length of PICU 4(2-5) 5(3-5.25) - 3 (2-5) 3(2-5) 0.67

stay (days),
median (IQR)

The periods were Wuhan type variant April 2020-December 2020, Alpha variant January 2021-July 2021, Delta variant July 2021-December
2021, Omicron variant December 21-February 2022

ECMO extracorporeal membrane oxygenation, PICU pediatric intensive care unit, /L-6 interleukin 6, /QR interquartile range, MIS-C multisys-
tem inflammatory syndrome in children, NT-proBNP N-terminal pro b-type natriuretic peptide, R7-PCR reverse transcription polymerase chain
reaction, RAT rapid antigen test, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

“P-values (a=0.05) come from Kruskal-Wallis tests in the case of quantitative variables and Fisher’s exact tests in the case of categorical varia-
bles (except for MIS-C rate and incidence, where z-tests were performed). The Alpha period has been excluded from all tests except from MIS-C
rate. p-values reported, except for MIS-C rate and incidence, have been adjusted, together for Tables 2 and 3, using the Benjamini and Hochberg
method, to account for multi-testing

"For the analysis of the rate between MIS-C cases and COVID-19 cases across SARS-CoV-2 variants, the Wuhan period is excluded for the
calculation of the p-value due to the lack of COVID-19 diagnosis occurring in the first pandemic wave (no access to diagnosis methods such as
RT-PCR or RAT). This leads to a bias for the estimation of the ratio (overestimated) in this period

@ Springer
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Pre MIS-C N =2 (33.34%)1

Vaccinated N =6 (37.5%)

Post MIS-C N = 4 (66.67%)

Negative or unknown PCR, RDT
and IgG serology

N =16 (10.53%) Unvaccinated N=10 (62.5%)

Pre MIS-C N =4 (13.79%)

Vaccinated N =29 (38.19%)
Post MIS-C N =25 (86.21%)

Positive IgG serology

N =74 (93.67%)

Positive PCR or RDT
N =79 (58.09%)
Admission: N = 36 (45.57%)
Pre-admission*: N = 43 (54.43%)

Positive PCR, RDT or IgG serology
N =136 (89.47%)

Positive IgG serology only
N = 57 (42.22%)

Negative 1gG serology
N =5 (6.33%)

Unvaccinated N =45 (60.81%)

Vaccinated N =0 (0%)

Unvaccinated N =5 (100%)

Pre MIS-C N=5(24%)

Vaccinated N = 25 (43.86%)

Post MIS-C N =20 (76%)

Unvaccinated N = 32 (56.14%)

* Disclosure: one of the cases did not have a positive test in the 2 month period prior to developing MIS-C.

t With unknown IgG serology results

Fig. 1 Description of the cohort of children with MIS-C cases recruited during the study period regarding the results for serological (positive
SARS-CoV-2 IgG) and microbiological tests for SARS-CoV-2 and vaccination against COVID-19

Clinical presentation at admission

Fever at admission was the main clinical finding (150/152,
98.7%), with a median (IQR) of 4 (3-6) days before the
MIS-C diagnosis, and 81.6% had > 39 °C. Two children had
no fever at admission: a 6-year-old child testing positive for
SARS-CoV-2 IgG serology at admission with a positive
PCR for SARS-CoV-2 five weeks earlier, with a hyperacute
ischemic infarction in the deep vascular territory of the left
medial cerebral artery; and a 6-month-old child diagnosed
with myocarditis (ejection fraction <30%) testing positive
for SARS-CoV-2 PCR at admission.

Gastrointestinal symptoms (88.2%), and rash or skin lesions
(59.2%) were the most common clinical findings; 81 (53.3%)
had signs of shock (defined as reduced awareness, hypo-
tension, hyperventilation and fluid administration), and 68
(44.7%) were admitted to the PICU. Regardless of the SARS-
CoV-2 variant, patients had similar severity profile (Table 2).

Laboratory and echocardiography findings

Thrombocytopenia (< 150 x 10%/L) was observed in 92
(60.5%) patients, and lymphopenia (< 1.0x 10°/L) in 75
(49.3%) cases. Acute phase reactants were markedly ele-
vated for all the patients, as well as evidence of coagulopathy
(Table 2). ALT was normal in 91 children (59.9%) and ele-
vated >250 UI/L in only four children. 81 children (53.3%)
showed clinical features of cardiovascular involvement. Pro-
BNP was higher than 2000 pg/mL in 65 (42.8%) patients.

Echocardiography was abnormal in 60 children (39.5%), 22
with ventricular dysfunction (14.5%), and 11 with coronary
aneurysm (7.2%).

Treatment and early treatment response

Specific treatments administered to the MIS-C cases are
described in Table 3. Most of them (147/152; 96.7%)
received immune modulating treatment (5.5% only IGIV,
12.3% only steroids and 82.2% combination of IGIV and
steroids). Steroids were administered initially at 2 mg/kg,
1 mg/kg and mega-doses in 89/138 (64.5%), 28/138 (20.3%),
and 19/138 (13.8%) children, respectively. Five patients did
not receive specific treatment as they were diagnosed at the
beginning of the pandemic when protocols were not well
defined. We did not find any significant differences in the
treatment administered across the SARS-CoV-2 variant
periods. Anakinra (anti-IL-1) was administered to only one
patient with refractory MIS-C.

Association between vaccination and MIS-C

Among the 152 children with MIS-C, only 11 (7.2%) were
vaccinated against SARS-CoV-2 before the diagnosis: 5 with
a single dose and 6 fully vaccinated; 8/11 (72.7%) received
the vaccine < 12 weeks before the onset of MIS-C [Supple-
mentary Information (ST)]. Forty-nine (32.2%) patients were
vaccinated after the diagnosis of MIS-C taking into account
the Catalan public health authorities recommendations.
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Table 3 Bivariable analysis of the treatment of MIS-C cases according to SARS-CoV-2 variant periods

Characteristics ANl MIS-C  Wuhan period  Alpha period Delta period Omicron period p-val
Immunomodulatory® 146 67 5 44 30 0.39
Only IGIV (n=8) 8(5.5) 6 (9.0) 0(0.0) 1(2.3) 1(3.3) 0.76
Only steroids (n =18) 18 (12.3) 7 (10.4) 1(20.0) 7 (15.9) 3(10.0) 0.86
IGIV and steroids (n =120) 120 (82.2) 54 (80.6) 4(80.0) 36 (81.8) 26 (86.7) 0.71
First IGIV (n=13)° 13 (10.8) 7 (13.0) 1(25.0) 2 (5.6) 3(11.5) 0.96
IGIV and steroids at once (n=88)" 88 (73.3) 37 (68.5) 3(75.0) 27 (75.0) 21 (80.8) 0.67
First steroids (n=11)° 11(9.2) 6(11.1) 0(0.0) 3(8.3) 2(7.7) 1
Unknown order (n=8)° 8(6.7) 4(7.4) 0(0.0) 4(11.1) 0(0.0) 0.7
Steroids (days of treatment), median [IQR] 11 [4-22] 19 [4-25] 4[3.5-16.5] 6.5 [4-17] 9 [5-13] 1
Anakinra (n=1) 1(0.7) 10.7) 0 0 0 1
Adjuvant treatment® (MIS-C cases) 152 73 5 44 30 1
Oxygen treatment 7 (4.6) 5(6.8) 0 2 (4.6) 0 0.83
ECMO 1(0.7) 1(1.4) 0 0 0 1
IMV 3(2.0) 2(2.7) 0 1(2.3) 0 1
NIV 3(2.0) 2(2.7) 0 1(2.3) 0 1
Hemofiltration 2(1.3) 1(1.4) 0 0 1(3.3) 0.83
Inotropic 48 (31.6) 24 (32.9) 0 14 (31.8) 10 (33.3) 1
Antibiotics 124 (81.6) 59 (80.8) 5 (100) 36 (81.8) 24 (80.0) 1
Other treatments® 40 24 0 13 3 0.47

Total number of cases (n) refers to all the cases for which steroids, IGIV, or both of them were administered

®Percentages for subcategories refer to the number of cases receiving IGIV and/or steroids

“Total number of cases (n) refers to all MIS-C cases included in the study

dOther treatments include: AAS (n=29), enoxaparin (n=11), hydroxychloroquine (n=2), remdesivir (n=1), insulin (n=1), vitamin K (n=1)

Estimated monthly MIS-C incidence per 1,000,000
people

There are 1,361,915 children (< 18 years) in Catalonia. Since
the beginning of the pandemic until 30th April 2022, the
mean monthly MIS-C incidence was 4.1 cases per 1,000,000
people (95% CI: 3.5-4.7), significantly lower in females
throughout the study period (p =0.006). Additionally, the
incidence was significantly higher for children aged 0—4 and
5-11 years (5.0 and 4.9 per 1,000,000 people, respectively)
than for adolescents aged 12—17 years (2.6 per 1,000,000)
(Fig. 2 and Table 1).

MIS-C rate per 1,000,000 SARS-CoV-2 infections

During the study period 555,848 children were diagnosed
with SARS-CoV-2 infection. The MIS-C rate per 1,000,000
SARS-CoV-2 infections was 273 (95% CI: 230-316) (i.e.,
one case per 3,700 SARS-CoV-2 infections). The MIS-C rate
by age groups was: 456 (95% CI: 336-619) among children
aged 0—4 years, 305 (95% CI: 243-383) among 5-11 years,
and 166 (95% CI: 120-228) among 12-17 years (Table 1).
There were significant differences between children aged

@ Springer

0—4 and 5-11 (p=0.048), 0—4 and 12-17 (p <0.001), and
5-11 and 12-17 (p=0.003) (Table 1).

There was not a statistically significant difference
between males and females, except for the Omicron period
where a predominance on male was documented (p =0.02)
(Table 1).

Comparison of the incidence and rates of MIS-C
between different variants and waves

No significant differences in monthly MIS-C incidence per
1,000,000 people were observed between the variant periods
(p=0.68). There was a significantly lower RR of MIS-C in
the Omicron period compared to the Wuhan or Delta peri-
ods, for all the age groups and sexes (Table 1). The 95%
CI confirms the significant differences of the sixth wave,
mostly corresponding to the Omicron period, compared
to the second, third and fifth waves. The first and fourth
pandemic waves were not included in this analysis due to
the lack of diagnostic tests and very low MIS-C incidence,
respectively. Figure 3 a and b show the MIS-C rate through-
out the different waves, by sex and age group.
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Fig.2 Blue boxes show the MIS-C incidences (X 106) by age-groups (< 18 years old, 0—4 years old, 5-11 years old, and 12—17 years old) for
each variant period. The discontinuous red line describes the SARS-CoV-2 incidence (X 106) through the periods

Discussion

To our knowledge, this is the first study investigating MIS-C
incidence in Southern Europe, with the ability to recruit all
the MIS-C cases in a determined area, and analyze the RR
for MIS-C among SARS-CoV-2 infections throughout vari-
ant periods. We found a lower RR of MISC/infections with
SARS-CoV-2 in the Omicron period for all age groups,
including those not eligible for vaccination.

Overall, we diagnosed 152 MIS-C cases among 1,361,915
children in Catalonia, with a monthly MIS-C incidence of 4.1

cases per 1,000,000 people (95% CI: 3.5-4.7). Incidence was
significantly lower in females and adolescents (12—17 years
old), even before the initiation of vaccination in this age
group, but no differences were observed across the SARS-
CoV-2 variant periods. This data confirms that MIS-C is a
very rare complication of SARS-CoV-2 infection, even though
our incidence is higher than the one reported in Liguria (Italy)
[17], but like the US [18] and Sweden [19].

We analyzed the incidence rate for MIS-C among the pre-
viously diagnosed SARS-CoV-2 infections. Although this
variable is affected by the infection diagnostic capacity, the

A Episodic MIS-C rate evolution by gender B Episodic MIS-C rate evolution by age group
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Fig.3 MIS-C rate (x 10.%) in log scale according to the six epidemio-
logical periods for COVID-19 pandemic. A shows the distribution of
MIS-C by epidemiologic period and gender (whole population (all),

female, male) and B shows the distribution of MIS-C by epidemio-
logic period and age-groups (whole population (all), 0—4, 5-11, and
12-17 years)
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sustained surveillance protocols in the schools, with system-
atic screening of all classmates each time a positive case was
detected, guaranteed a sustained diagnostic effort among the
pediatric population between September 2020 and Janu-
ary 2022 [11, 12]. Omicron showed the significantly low-
est MIS-C incidence rate compared to the high number of
infected children in all age groups in that period. Moreover,
the diagnostic effort was lower after the end of January 2022
because of the relaxation in the surveillance and quarantine
measures in the schools [Supplementary Information (SI)],
as seen with the increase in the positivity rate, so the MIS-C
rate during the Omicron period is likely overestimated
because the denominator might be much higher than the
reported. This would entail even higher RR in pre-Omicron
variant periods than the ones we estimated (Table 1). Pos-
sible hypotheses to explain this shift include the Omicron
variant itself due to a better viral clearance secondary to
stronger immune responses during acute SARS-CoV-2 infec-
tion and, subsequently, less persistence in sanctuaries [20].
Other potential explanations include the high-prevalence of
SARS-CoV-2 infection among the general population after
two years of pandemic, or the high percentage of people who
were fully vaccinated against SARS-CoV-2, among other
unknown factors. Regarding the variant factor, our results
are in concordance with a South African study performed
during the Omicron period [21], and with another study con-
ducted in South East England [22]. However, a recent report
from the CDC found that MIS-C cases continued to be an
important complication of SARS-CoV-2 infection during the
last variant-periods [23].

Our current understanding of the immunopathology
of SARS-CoV-2 and MIS-C is growing, but still limited.
COVID-19 mRNA vaccine immunogenicity and effective-
ness are well established in adolescents, and the preventive
effect of vaccination on the incidence of MIS-C has been
already described [24, 25]. A recent population-based cohort
study in Denmark demonstrated the effectiveness of COVID-
19 vaccination in preventing this complication during the
Delta and Omicron period [26]. On the other hand, very
few MIS-C cases have been reported following COVID-19
vaccination [27]. Therefore, the optimal SARS-CoV-2 vac-
cine strategy for patients with a history of MIS-C remains
unclear, as demonstrated in a recent survey conducted by
pediatricians from different countries [28]. In our study, only
eight patients had been vaccinated against COVID-19 in the
previous 12 weeks before the MIS-C episode compared to
102 unvaccinated MIS-C cases that were eligible for vacci-
nation due to their age. None of the vaccinated differed from
the unvaccinated regarding the associated risk factors for
severity. On the other hand, our study includes 49 children
vaccinated against COVID-19, 37 with a single dose and 12
fully vaccinated, after the MIS-C episode. None of them had
a relapse of MIS-C after vaccination.
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In our cohort of MIS-C cases, Black African were 8.6%
in contrast to the proportion of these people living in Cat-
alonia (1.3%) [29]. This is in concordance with previous
reports from Europe [30] and the US [18], suggesting an
increased susceptibility of this population to present MIS-C
after COVID-19.

Clinical manifestations and laboratory findings in our
cohort were similar to those previously reported. We did
not find any significant differences across the SARS-CoV-2
variants (Table 2 and SI), in contrast to a study conducted in
Israel where a decrease of severity of MISC-S was observed
during the Omicron period [31].

Our cohort was mainly treated with a combination of IVIG
and steroids, with no significant difference in the treatment of
MIS-C throughout the variant periods. None of the patients
in our cohort died during the acute phase or the follow-up.

This study has some limitations. Firstly, we conducted an
ambispective study, so the first MIS-C cases were recruited
retrospectively and, consequently, some cases could have
misdiagnosed as KD in the first months. Accordingly, we
did not include the pre-July 2020 cases in the MIS-C rate
analysis. Secondly, a cautious interpretation of the results
during the Alpha wave is needed due the small numbers
of patients reported in this period; therefore, this period
was neither included in the same analysis. Thirdly, we were
unable to determine the exact time between SARS-CoV-2
infection and MIS-C diagnosis in more than 50% of the
cases (Table 2), and the information regarding the sequenc-
ing of the variants of those MIS-C cases with a confirmed
previous SARS-CoV-2 infection. However, we consider
that this limitation does not affect the main outcomes of
our study, since it was taken into account in our analysis.
We defined the rate in each period instead of the rate per
variant, using a 4-week period between the infection and the
MIS-C case. All variants achieved prevalence rates higher
than 90%, which supports the appropriate classification of
most episodes. In addition, the analysis per epidemiological
wave confirms the variant-related findings. We performed
the same analysis using a delay of 5 weeks, according to
the median delay in our study, and the results were similar.
In fact, the percentage of cases in the boundaries between
periods, which could potentially be assigned to a different
period if the delay was changed, was small.

Our study is the first to compare the clinical presenta-
tion and laboratory findings through the different variant
periods, and vaccination status in children. Regardless of
variant period, the patients had similar phenotypes concern-
ing severity and type of treatment. We estimated a lower
MIS-C rate per SARS-CoV-2 infection for all age-groups,
including those not vaccinated, during the Omicron period,
suggesting that the variant could be the main factor for this
shift in the MIS-C trend. Acquisition of knowledge on the
MIS-C regarding different SARS-CoV-2 variants is crucial
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for estimating MIS-C hospitalizations in the future, and in
the debate on COVID-19 vaccination of children.
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tary material available at https://doi.org/10.1007/s00431-023-04862-z.
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