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Abstract

Background Multisystem inflammatory syndrome in children associated with COVID-19 (MIS-C) is a late complica-
tion of pediatric COVID-19, which follows weeks after the original SARS-CoV-2 infection, regardless of its severity.

It is characterized by hyperinflammation, neutrophilia, lymphopenia, and activation of T cells with elevated IFN-y.
Observing the production of autoantibodies and parallels with systemic autoimmune disorders, such as systemic
lupus erythematodes (SLE), we explored B cell phenotype and serum levels of type |, II, and Il interferons, as well

as the cytokines BAFF and APRIL in a cohort of MIS-C patients and healthy children after COVID-19.

Results We documented a significant elevation of IFN-y, but not IFN-a and IFN-A in MIS-C patients. BAFF was ele-
vated in MIS-C patient sera and accompanied by decreased BAFFR expression on all B cell subtypes. The proportion
of plasmablasts was significantly lower in patients compared to healthy post-COVID children. We noted the pre-IVIG
presence of ENA Ro60 autoantibodies in 4/35 tested MIS-C patients.

Conclusions Our work shows the involvement of humoral immunity in MIS-C and hints at parallels with the patho-
physiology of SLE, with autoreactive B cells driven towards autoantibody production by elevated BAFF.
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Background

Multisystem inflammatory syndrome in children asso-
ciated with COVID-19 (MIS-C) is now a well-specified
entity described in a number of excellent publications
that map in detail the immune/autoimmune/inflam-
matory responses accompanying this condition [1-5].
Clinically, the hallmark symptoms include fever, rash,
conjunctivitis, mucositis and serositis, lymphadenopa-
thy, gastrointestinal, respiratory, cardiovascular, and
neurocognitive symptoms, which develop on the back-
ground of markedly increased acute phase reactants
and inflammatory markers in temporal association with
SARS-CoV2 infection in genetically susceptible indi-
viduals. This pro-inflammatory state is accompanied by
alterations in cellular populations of innate and acquired
immunity, with prominent lymphopenia during the acute
stage of the disease, which typically lags several weeks
after acute SARS-CoV-2 infection, regardless of its sever-
ity. The lymphopenia is characterized by a decrease in T
cells, but at the same time with their activation and clonal
proliferation [1]. Significant alterations were shown in

T cell subpopulations in MIS-C, and recent reports also
show their clonality and exhaustion [2, 3]. Importantly,
a number of publications document the presence of
autoimmune phenomena and autoantibodies in MIS-C
patients, targeting both systemic and tissue- or organ-
specific antigens consistent with the systemic nature
of the disease, yet also associated with its characteristic
clinical presentation in specific organs, mainly the heart
[4, 5]. These findings suggest a strong polyclonal antibody
response driven by activated B cells. B cells, however, are
less studied in the context of MIS-C. B cell counts were
reported normal or decreased, in line with the general
MIS-C-associated lymphopenia [6, 7]. Some studies have
shown an increase in plasmablasts, as well as IgD™CD27~
double negative B cells [8, 9]. Similar IgD and CD27
double-negative activated B cells were previously docu-
mented in systemic lupus erythematosus (SLE) in asso-
ciation with disease activity and autoantibody secretion
[4], pointing to a certain parallel in B cell activation and
autoantibody production between systemic autoimmune
diseases such as SLE and MIS-C. In SLE, this polyclonal
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autoantibody production is driven by the serum cytokine
B cell activating factor (BAFF) and a proliferation-induc-
ing ligand (APRIL) [5, 10]; however, this association has
not yet been studied in MIS-C.

Similarly, while a dysregulated IFN-y response is also
a feature shared between MIS-C and SLE [11-14], the
activity of type I and type III interferons has so far only
been shown in SLE and rare inborn autoinflammatory
disorders [15, 16], but not in MIS-C, even though anti-
bodies against type I interferons have been shown to con-
tribute to COVID-19 mortality and severity [17].

To explore these immune factors contributing to the
hyperinflammation in MIS-C, we set out to assess type
I, II, and III interferons, serum BAFF, APRIL, and B cell
phenotype and BAFER expression in children with acute
MIS-C and in healthy children after COVID-19.

Patients and methods

Patients and controls

The MIS-C cohort was recruited from patients admit-
ted to the Department of Pediatrics, University Hospital
in Motol, Prague, Department of Pediatrics, Thomayer
University Hospital, Prague, and Department of Pediat-
rics, University Hospital in Pilsen, Pilsen, Czech Repub-
lic. Informed consent with participation in this study
was signed by the participants’ legal guardians in accord-
ance with the Declaration of Helsinki, and the study was
approved by the Ethical Committee of the University
Hospital in Motol, reference no. EK-1376/21. Data on
demographics, clinical manifestations, routine labora-
tory features, and other investigations, therapeutic man-
agement, and outcomes were collected retrospectively
from the medical records of the patient or obtained via
patient/parent interview.

In MIS-C patients, samples were obtained through
peripheral venepuncture after patient admission, before
administration of corticosteroids or immunoglobulins.
Patients were included in the study based on their MIS-C
diagnosis consistent with WHO criteria [18]. In total,
50 MIS-C patients were recruited during the inclusion
period between October 2020 and April 2021, 24 females,
aged 11 months to 18 years (7.8 £4.35 years, mean = SD).
The alpha (B.1.1.7) SARS-CoV-2 variant was dominant in
Czechia during this period.

As a control cohort, 7 healthy children who previ-
ously underwent COVID-19, 2 female, aged 1 to 14 years
(9.9+3.9 years), were recruited into the study (hereaf-
ter referred to as healthy post-COVID children). These
healthy donors were sampled 4-6 weeks after their
SARS-CoV-2 PCR positivity.

For assessment of BAFF and APRIL, 4 MIS-C patients,
2 females, aged 1.4 to 5.5 years (3.5t 1.4 years), were
re-evaluated 6 months after discharge from hospital
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(hereafter referred to as MIS-C convalescent). Further,
8 healthy donor children with no history of COVID-19,
5 females, aged 11.6 to 17.2 years (13.7 + 1.9 years), were
included for comparison (hereafter referred to as healthy
children).

The description of cohorts is summarized in Table 1.

Flow cytometry

For evaluation of peripheral blood B cell phenotype, the
blood was taken into ethylenediaminetetraacetic acid
(EDTA)-coated tubes as described above. PBMCs were
obtained using Ficoll-Paque (Pharmacia, Uppsala, Swe-
den) and cryopreserved in liquid nitrogen.

After thawing, PBMCs were incubated in the pres-
ence of recombinant human DNAse I (Pulmozyme,
Roche, Prague, Czechia; final concentration was 10 IU/
mL) in complete media (RPMI 1640 supplemented with
10% of heat-inactivated fetal calf serum, penicillin (50 U/
mlL), streptomycin (50 U/mL) and 1.7 mM sodium glu-
tamate) for 30 min at 37 °C in a CO, incubator. One mil-
lion cells were resuspended in 100 uL phosphate-buffered
saline (PBS) (Sigma-Aldrich, St. Louis, MO) and stained
for 30 min in the dark at room temperature with CD5
BV421 (Cat No. 562646, BD Biosciences, San Jose, CA),
IgM BV510 (Cat No. 314522, Biolegend, San Diego, CA),
BAFFR BV711 (Cat No. 743573, BD Biosciences), and
a dried mixture of IgD FITC, CD27 PE, CD24 PerCP-
Cy5.5, CD19 PE-Cy7, CD21 APC, and CD38 APC-Cy7
(Custom-design dry reagent tube, Exbio Praha, Vestec,
Czechia). Then, 2 mL of BD FACS™ Lysing Solution (BD
Biosciences) was added and cells were incubated for
10 min in the dark, room temperature. In the end, cells
were washed once in PBS with 1% BSA and pellets were
resuspended in 150 uL PBS.

Flow cytometry measurement was performed on BD
FACSLyrics (BD Immunocytometry Systems, San Jose,
CA). FlowJo software was used for data analysis (TreeS-
tar, Ashland, OR).

ELISA

For evaluation of serum cytokine levels, the blood
was taken into uncoated tubes as described above,

Table 1 Cohort characteristics

n Sex Age years range
(mean*SD)
MIS-C 50 24 females 0.9-18 (7.8+4.35)
MIS-C convalescent 4 2 females 14-55(3.5+14)
HD children post-COVID 7 2 females 1-14(99+3.9)
HD children 5 females 116-17.2(13.7+£1.9)
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and serum was separated by centrifugation and stored
frozen at—80 °C until further evaluation. BAFF and
APRIL were measured according to the manufacturer’s
specifications using pre-made ELISA kits (BAFF from
R&D Systems, Minneapolis, USA, APRIL from Abcam,
Cambridge, UK). Type I, II, and III interferons (spe-
cifically, pan-IFN-a, IFN-y, and IFN-A1) were quanti-
fied following the manufacturer’s protocols of Human
ELISA Basic KIT (HRP) (MABTECH, Sweden) using
Nunc MaxiSorp flat-bottom 96-well plates (Invitro-
gen). An absorbance of 450 nm was read by multimode
plate reader EnVision 2105 (PerkinElmer).

Statistics

Statistical analysis was performed using Brown-
Forsythe and Welch one-way analysis of variance
(ANOVA) and unpaired ¢ tests with Welch’s correction
in GraphPad Prism 8.0 (San Diego, CA, USA). Val-
ues of p=0.01-0.05 (*), p=0.001-0.01 (**), p<0.001
(***), and p<0.0001 (****) were considered statistically
significant.

IFN-o

200 800

IFN-A
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Results
To analyze the hyperinflammatory signature of MIS-C,
we measured IFN-a, IFN-y, and IFN-\ in the serum of
50 patients with MIS-C sampled shortly after admission
to hospital, before administration of immunosuppres-
sive therapy, and compared them to the sera of healthy
children who underwent COVID-19 cca 6 weeks prior
to sampling and had no signs of MIS-C. We saw no sig-
nificant changes in IFN-a (¢ test with Welch’s correc-
tion p=0.27) and IFN-\ levels (p=0.33) (Fig. 1A, B), but
IFN-y was significantly elevated in MIS-C compared to
healthy post-COVID children (p=0.0004) (Fig. 1C).
Next, we measured the presence of autoantibod-
ies and serum concentration of BAFF and APRIL, two
cytokines supporting the development and survival of B
cells, which are also implicated in other systemic auto-
immune diseases reminiscent of MIS-C, such as SLE,
systemic vasculitides, or Kawasaki disease [19-21].
Of 35 patients in whom autoantibodies were tested,
4/35 (11%) had positive Ro60 antibodies, 1/35 (3%) had
autoantibodies against the Sm antigen, and further, 4/35
(11%) had positive extractable nuclear antigen (ENA)
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Fig. 1 Cytokines in MIS-C patients. A IFN-a, B IFN-A, and C IFN-y in MIS-C patients and healthy donor children 6 weeks after COVID-19. D APRIL
and E BAFF in MIS-C patients, convalescent MIS-C patients 6 months after disease resolution, healthy donor children 6 weeks after COVID-19,

and healthy donor children with no history of COVID-19 or MIS-C
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screening. Serum levels of APRIL were largely below
the assay detection limit, although in a subset of MIS-C
patients we detected elevated APRIL levels, which were
missing in post-COVID children, healthy children with
no history of COVID-19 or MIS-C, and even in conva-
lescent MIS-C patients sampled several months after
full recovery (Fig. 1D). The clinical course of the disease
was not distinctly different in these 4 children with high
APRIL, and nevertheless, the majority of samples tested
APRIL-negative, and as such, the differences were not
significant.

Serum BAFF levels, on the other hand, varied sig-
nificantly between acute MIS-C, convalescent MIS-C
patients, post-COVID healthy children, and children
with no history of COVID-19 or MIS-C (Brown-Forsythe
ANOVA, p<0.0001) (Fig. 1E). Acute MIS-C patients had
the highest BAFF levels of all cohorts, which in particu-
lar were higher than those in post-COVID children (¢
test with Welch’s correction, p<0.0001), but also than
those in convalescent post-MIS-C patients (p <0.0001).
Interestingly, even healthy post-COVID children had
elevated serum BAFF levels compared to healthy chil-
dren without a history of COVID-19 (p=0.0093). In
both MIS-C patients and healthy children, the trend
remained identical, with higher BAFF during/after dis-
ease, and lower after full recovery or in times of full
health.

Finally, to assess the impact of upregulated BAFF sign-
aling on B cell development, we performed B cell subpop-
ulation phenotyping in patients and healthy donors. We
noted a highly significant decrease of circulating plasma-
blasts (p <0.0001), less significant decrease of transitional
B cells (p=0.029), and a slight but insignificant expansion
of naive B cells in MIS-C patients (Fig. 2A, B). Addition-
ally, all MIS-C B cells had strikingly suppressed BAFF
receptor (BAFFR) expression (Fig. 2C). This was true in
all B cell subsets, including the naive and transitional
subsets.

Discussion

In this study, we explored the role of type I and II inter-
ferons and the dysregulation of humoral immunity in
MIS-C, drawing on parallels with other autoimmune dis-
eases, such as SLE.

Our results point towards comparable type I inter-
feron response between acute MIS-C and post-
COVID-19 children without MIS-C, but demonstrate
increased levels of type II interferon (IFN-y) between
these groups. Type II interferon has been described as a
dominant feature of MIS-C previously [11, 12] and may
reflect the concurrent T cell activation [1]. However,
B cell-intrinsic IFNgR signaling has also been shown
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to evoke spontaneous generation of autoreactive ger-
minal centers and its knock-out results in protection
from systemic autoimmunity in animal models [19, 20].
Therefore, the increased IFN-y levels may represent a
contributing mechanism to the autoantibody induc-
tion in MIS-C. On the other hand, our data suggests
that lingering type I and III interferon inflammation
are not robust driving factors behind MIS-C pathogen-
esis, despite their role in the anti-SARS-CoV-2 immune
response [17, 19].

The elevation of IFN-y and the presence of autoim-
mune phenomena in MIS-C draws a parallel to SLE,
which prompted the exploration of B cell immunity
in our patients [13, 20]. Although we did not find any
significant differences in the serum levels of the B cell
survival-promoting cytokine APRIL between healthy
donors, acute, convalescent MIS-C, and post-COVID
children, we did observe a stark elevation of BAFF
in acute MIS-C children and less so in healthy post-
COVID children. Porritt et al. also found increased
BAFF mRNA levels in MIS-C children [22]—this sig-
nificant increase of BAFF levels in MIS-C is consistent
with polyclonal B cell activation resulting in the spec-
trum of detected autoantibodies and clinical manifesta-
tions of MIS-C-associated autoimmune systemic and
organ inflammation. In our cohort, of 35 patients in
whom autoantibodies were tested, 4/35 (11%) had posi-
tive Ro60 antibodies and further 4/35 (11%) had positive
extractable nuclear antigen (ENA) screening. Previous
studies reported the presence of anti-La, a characteristic
autoantigen of SLE and Sjogren’s disease, and anti-Jo-1,
characteristic of idiopathic inflammatory myopathies,
in MIS-C patients [21]. Although later works suggested
that these autoantibodies may be derived from high-
dose intravenous immunoglobulins [23], administered
to the MIS-C patients, our samples were obtained prior
to the treatment. The combination of increased IFN-y
and a consequent increase of BAFF has been previously
described in SLE, again suggesting an analogy between
MIS-C and SLE [24]. Interestingly, in the case of SLE,
it has been shown that neutrophils can contribute to
an increase in BAFF and a strengthening of the auto-
immune process. In the case of MIS-C, hallmarked by
marked neutrophilia and disturbed neutrophil function-
alities [25, 26], a similar parallel might exist and contrib-
ute to the induction of autoimmunity [27].

Finally, we observed a shift in the maturation of B
cells, skewing their subpopulations towards antibody-
producing plasmablasts and away from the early tran-
sitional B cells in MIS-C children. Such reduction of
plasmablasts is interesting given their lower reliance
on BAFF for survival, which is also bolstered by APRIL
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[28]. Instead, naive and transitional B cells, which are
highly dependent on BAFF for survival [29], were both
decreased in MIS-C children. However, at the same
time, all MIS-C B cells had strikingly suppressed BAFF
receptor (BAFFR) expression (Fig. 2C)—including naive
and transitional. These results are consistent with the
similar situation observed in SLE, where high levels of

BAFF are associated with decreased BAFFR expression
on all B cell subtypes [30].

In summary, our brief report complements the cur-
rent understanding of the dysregulation of humoral
immunity and autoimmune phenomena seen in MIS-C
and highlights the important role of the BAFF-BAFFR
axis in their induction.
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Abbreviations

APRIL A proliferation-inducing ligand

BAFF B cell activating factor

COVID-19  Coronavirus disease 2019

HD Healthy donor

IFN Interferon

MIS-C Multisystem inflammatory syndrome in children associated with
COVID-19

PBMC Peripheral blood mononuclear cell

PBS Hosphate-buffered

SLE Systemic lupus erythematosus

Acknowledgements
Not applicable.

Authors’ contributions

AK co-designed the study, processed samples, gathered clinical data, analysed
the data and co-wrote the manuscript. MB co-designed the study, recruited
patients and healthy donors, gathered clinical data, reviewed and edited the
manuscript. ZP and LA performed experiments. MM, JF, LS, JD and FF recruited
patients and provided clinical data. AS, KR and OH performed experiments
and analysed data. AS designed the study and co-wrote the manuscript. All
authors reviewed the manuscript.

Funding

The work was supported by AZV NU20-05-00320 and NU20-05-00282 issued
by the Czech Health Research Council and Ministry of Health, Czech Republic,
and institutional support of research organization #00064203 from University
Hospital in Motol, Czech Repubilic.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Informed consent with participation in this study was signed by the partici-
pants'legal guardians in accordance with the Declaration of Helsinki, and

the study was approved by the Ethical Committee of the University Hospital
in Motol, reference no. EK-1376/21. Data on demographics, clinical mani-
festations, routine laboratory features, and other investigations, therapeutic
management, and outcomes were collected retrospectively from the medical
records of the patient or obtained via patient/parent interview.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Immunology, 2nd Faculty of Medicine, Charles University
and University Hospital in Motol, V Uvalu 84, 150 06, Prague, Czech Repub-
lic. ’Department of Paediatrics, 1st Faculty of Medicine, Charles University
and Thomayer University Hospital, Prague, Czech Republic. *Institute

of Organic Chemistry and Biochemistry of the Czech Academy of Sciences,
IOCB Gilead Research Center, Prague, Czech Republic. “Department of Pae-
diatrics - PICU, Faculty of Medicine in Pilsen, Charles University, Pilsen, Czech
Republic. *Department of Paediatrics, 2nd Faculty of Medicine, Charles Uni-
versity and University Hospital in Motol, Prague, Czech Republic. °Department
of Pediatric Hematology, CLIP - Childhood Leukaemia Investigation Prague,
2nd Faculty of Medicine, Charles University and University Hospital in Motol,
Prague, Czech Republic. ’Department of Paediatrics and Inherited Metabolic
Disorders, First Faculty of Medicine, Charles University and General University
Hospital in Prague, Prague, Czech Republic.

Received: 17 July 2023 Accepted: 17 October 2023
Published online: 28 October 2023

Page 7 of 8

References

1. Vella LA, Giles JR, Baxter AE et al (2021) Deep immune profiling of MIS-C
demonstrates marked but transient immune activation compared with
adult and pediatric COVID-19. Sci Immunol 6:eabf7570

2. Porritt RA, Paschold L, Rivas MN, et al (2021) HLA class |-associated
expansion of TRBV11-2T cells in multisystem inflammatory syndrome in
children. J Clin Invest 131. https://doi.org/10.1172/JCl146614

3. Beckmann ND, Comella PH, Cheng E et al (2021) Downregulation of
exhausted cytotoxic T cells in gene expression networks of multisystem
inflammatory syndrome in children. Nat Commun 12:4854

4. TanakaY, Kubo S, Iwata S et al (2018) B cell phenotypes, signaling and
their roles in secretion of antibodies in systemic lupus erythematosus.
Clin Immunol 186:21-25

5. Vincent FB, Morand EF, Schneider P, Mackay F (2014) The BAFF/APRIL
system in SLE pathogenesis. Nat Rev Rheumatol 10:365-373

6. Okarska-Napierata M, Mandziuk J, Feleszko W et al (2021) Recurrent
assessment of lymphocyte subsets in 32 patients with multisystem
inflammatory syndrome in children (MIS-C). Pediatr Allergy Immunol
32:1857-1865

7. Carter MJ, Fish M, Jennings A et al (2020) Peripheral immunophenotypes
in children with multisystem inflammatory syndrome associated with
SARS-CoV-2 infection. Nat Med 26:1701-1707

8. Ramaswamy A, Brodsky NN, Sumida TS et al (2021) Immune dysregula-
tion and autoreactivity correlate with disease severity in SARS-CoV-
2-associated multisystem inflammatory syndrome in children. Immunity
54:1083-1095.e7

9. Syrimi E, Fennell E, Richter A et al (2021) The immune landscape of
SARS-CoV-2-associated multisystem inflammatory syndrome in children
(MIS-C) from acute disease to recovery. iScience 24:103215

10. Pers J-O, Daridon C, Devauchelle V et al (2005) BAFF overexpression is
associated with autoantibody production in autoimmune diseases. Ann
N'Y Acad Sci 1050:34-39

11. Diorio C, Shraim R, Vella LA et al (2021) Proteomic profiling of MIS-C
patients indicates heterogeneity relating to interferon gamma dysregula-
tion and vascular endothelial dysfunction. Nat Commun 12:7222

12. Diorio C, Henrickson SE, Vella LA et al (2020) Multisystem inflammatory
syndrome in children and COVID-19 are distinct presentations of SARS-
CoV-2.J Clin Invest 130:5967-5975

13. Munroe ME, Lu R, Zhao YD et al (2016) Altered type Il interferon precedes
autoantibody accrual and elevated type | interferon activity prior to sys-
temic lupus erythematosus classification. Ann Rheum Dis 75:2014-2021

14. Sacco K, Castagnoli R, Vakkilainen S et al (2022) Immunopathological sig-
natures in multisystem inflammatory syndrome in children and pediatric
COVID-19. Nat Med 28:1050-1062

15. Bengtsson AA, Sturfelt G, Truedsson L et al (2000) Activation of type
linterferon system in systemic lupus erythematosus correlates with
disease activity but not with antiretroviral antibodies. Lupus 9:664-671

16. Crow YJ (2011) Type | interferonopathies: a novel set of inborn errors of
immunity. Ann N'Y Acad Sci 1238:91-98

17. Bastard P, Rosen LB, Zhang Q et al (2020) Autoantibodies against type |
IFNs in patients with life-threatening COVID-19. Science 370:eabd4585

18. WHO Headquarters (2020) Multisystem inflammatory syndrome in
children and adolescents with COVID-19. https://www.who.int/publicatio
ns/i/item/multisystem-inflammatory-syndrome-in-children-and-adole
scents-with-covid-19. Accessed 17 Feb 2022

19. Schuhenn J, Meister TL, Todt D, et al (2022) Differential interferon-a
subtype induced immune signatures are associated with suppression of
SARS-CoV-2 infection. Proc Natl Acad Sci U S A 119. https://doi.org/10.
1073/pnas.2111600119

20. Theofilopoulos AN, Koundouris S, Kono DH, Lawson BR (2001) The role of
IFN-gamma in systemic lupus erythematosus: a challenge to the Th1/Th2
paradigm in autoimmunity. Arthritis Res 3:136-141

21. Gruber CN, Patel RS, Trachtman R et al (2020) Mapping systemic inflam-
mation and antibody responses in multisystem inflammatory syndrome
in children (MIS-C). Cell 183:982-995.e14

22. Porritt RA, Binek A, Paschold L, et al (2021) The autoimmune signature of
hyperinflammatory multisystem inflammatory syndrome in children. J
Clin Invest 131. https://doi.org/10.1172/JCI151520

23. Burbelo PD, Castagnoli R, Shimizu C et al (2022) Autoantibodies against
proteins previously associated with autoimmunity in adult and pediatric


https://doi.org/10.1172/JCI146614
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/10.1073/pnas.2111600119
https://doi.org/10.1073/pnas.2111600119
https://doi.org/10.1172/JCI151520

Klocperk et al. Molecular and Cellular Pediatrics

24.

25.

26.

27.

28.

29.

30.

(2023) 10:15

patients with COVID-19 and children with MIS-C. Front Immunol
13:841126

Harigai M, Kawamoto M, Hara M et al (2008) Excessive production of
IFN-y in patients with systemic lupus erythematosus and its contribution
to induction of B lymphocyte stimulator/B cell-activating factor/TNF
ligand superfamily-13B. J Immunol 181:2211-2219

Chen K-D, Huang Y-H, Wu W-S et al (2022) Comparable bidirectional
neutrophil immune dysregulation between Kawasaki disease and severe
COVID-19. Front Immunol 13:995886

Boribong BP, LaSalle TJ, Bartsch YC et al (2022) Neutrophil profiles of
pediatric COVID-19 and multisystem inflammatory syndrome in children.
Cell Rep Med 3:100848

Coquery CM, Wade NS, Loo WM et al (2014) Neutrophils contribute to
excess serum BAFF levels and promote CD4+ T cell and B cell responses
in lupus-prone mice. PLoS ONE 9:2102284

Belnoue E, Pihlgren M, McGaha TL et al (2008) APRIL is critical for plasma-
blast survival in the bone marrow and poorly expressed by early-life bone
marrow stromal cells. Blood 111:2755-2764

Schiemann B, Gommerman JL, Vora K et al (2001) An essential role for
BAFF in the normal development of B cells through a BCMA-independ-
ent pathway. Science 293:2111-2114

Salazar-Camarena DC, Ortiz-Lazareno PC, Cruz A et al (2016) Associa-
tion of BAFF, APRIL serum levels, BAFF-R, TACI and BCMA expression on
peripheral B-cell subsets with clinical manifestations in systemic lupus
erythematosus. Lupus 25:582-592

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	B cell phenotype and serum levels of interferons, BAFF, and APRIL in multisystem inflammatory syndrome in children associated with COVID-19 (MIS-C)
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Patients and methods
	Patients and controls
	Flow cytometry
	ELISA
	Statistics

	Results
	Discussion
	Acknowledgements
	References


