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Deep immune profiling uncovers novel associations with clinical phenotypes of Multisystem
Inflammatory Syndrome in Children (MIS-C)
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Abstract
Multisystem Inflammatory Syndrome in Children (MIS-C) is a systemic inflammatory condition
that follows SARS-CoV 2 infection or exposure in children. Clinical presentations are highly

variable and include fever, gastrointestinal (Gl) disease, shock, and Kawasaki Disease-like
illness (M1S-C/KD). Compared to patients with acute COVID, patientswith MIS-C have a
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distinct immune signature and expansion of TRVB11 expressing T cells. However, the
relationship between immunological and clinical phenotypes of MIS-C is unknown. Here, we
measured serum biomarkers, TCR repertoire, and SARS-CoV 2-specific T cell responsesina
cohort of 76 MIS-C patients. Serum biomarkers associated with macrophage and Th1l activation
were elevated in patients with shock, consistent with previous reports. Significantly increased
SARS-CoV-2-induced IFN-y, IL-2, and TNF-o. production were seen in CD4" T cells from
patients with neurologic involvement and respiratory failure. Diarrhea was associated with a
significant reduction in shock-associated serum biomarkers, suggesting a protective effect.
TRVB11 usage was highly associated with MIS-C/KD and coronary aneurysms, suggesting a
potential biomarker for these manifestationsin MIS-C patients. By identifying novel
immunologic associations with the different clinical phenotypes of MIS-C, this study provides
insghts into the clinical heterogeneity of MIS-C. These unique immunophenotypic associations
could provide biomarkersto identify patients at risk for severe complications of MIS-C,
including shock and MIS-C/KD.
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Resear ch L etter

Multisystem Inflammatory Syndrome in Children (MIS-C) is a systemic inflammatory condition
seen in children following severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection or exposure. Symptoms are highly variable and include fever, diarrhea, cardiogenic
shock, respiratory compromise, and Kawasaki Disease (KD)-like features (1, 2). Compared with
acute Coronavirus Disease 2019 (COVID-19), MIS-C is characterized by distinct immune
responses, including increased monocyte/macrophage-derived cytokines such as interleukin (IL)
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-6 and IL-18, T-cell-derived cytokines including IL-10 and IL-17A, and TRAV11-2 expressing T
cells (3, 4). However, the relationship between MIS-C-related immunophenotypes and clinical
heterogeneity is unknown.

We determined clinical associations of MIS-C immunophenotypes in a cohort of 76 MIS-C
patients (4). Clinical characteristics of the cohort were previously reported (4) and used to
identify patients with diarrhea, cardiac, respiratory, neurologic, and KD-like symptoms (Table
S1, S2). Serum biomarkers (n = 69) and T cell receptor (TCR) repertoire (n = 58) were measured
as previously reported (4). To quantify SARS-CoV-2-specific T cell responses (n = 24), we
stimulated peripheral blood mononuclear cells (PBMCs) with spike, membrane, or nucleocapsid
SARS-CoV-2 peptides; cytokine expression was measured using intracellular staining and flow
cytometry. Groups were compared using Mann-Whitney with multiple comparison adjustment.

Serum biomarkers associated with macrophage and Th1 activation, including IFN-y, were
elevated in patients with shock, consistent with previous reports (3-5) (Fig 1A, S1). Accordingly,
significantly increased SARS-CoV-2-induced IFN-y, IL-2, and TNF-o production were seenin
CD4" T cells from patients with neurologic involvement and respiratory failure (Fig 1B-C, S1).
SARS-CoV-2-specific IFN-y production was also seen in CD8" T cells from patients with
neurologic involvement (Fig S2). No significant antigen-specific responses were seen in CD4"-
derived IL-10 and IL-17A, or in CD8"-derived IL-2, or TNF-o. (Fig S1). Unexpectedly, diarrhea
was associated with a significant reduction in shock-associated serum biomarkers, but not with
reduced antigen-specific T cell responses (Fig 1A, S1). TRVB11-2 gene usage was significantly
associated with KD and coronary aneurysms (Fig 1D).

By identifying novel associations with different phenotypes, this study gives insightsinto
potential immunologic mechanisms underlying the clinical heterogeneity of MIS-C. The
elevation of serum inflammatory markers — particularly IFN-y — in patients with severe disease is
consistent with findings in other cohorts (2-5). SARS-CoV-2-specific CD4" responses in patients
with neurological and respiratory involvement suggests that antigen-specific T cell functions
may contribute to these symptoms. Conversely, serum biomarker data indicates that diarrhea
may protect from severe inflammation in MIS-C, independent of T cell responses. While the Gl
tract can function as a SARS-CoV-2 antigen reservoir, diarrhea does not always correlate with
antigenemia and may portend milder disease in acute COVID-19 (6). Finally, the novel
association of MIS-C/KD with expansion of TRVB11-2 -expressing T cells—which is thought to
reflect superantigenic responses to spike glycoprotein (7) — suggests a potential link between
superantigens and M1S-C/KD, and a possible biomarker for this severe manifestation.

Limitations of this study include variable timing of sample acquisition relative to hospitalization,
with samples drawn significantly earlier from patients with shock and neurologic involvement.
However, associations with shock were seen in previous studies (2-5), and other phenotypes
were not significantly associated with timing relative to hospitalization. Another potential
confounder isthat 96% of patients were treated with systemic immunomodulators. Nonethel ess,
inflammatory responses were still detected because samples were collected during a period of
active disease. Strengths include the use of alarge multicenter international cohort that improved
the generalizability of these results and deep clinical and immunologic profiling that enabled
discovery of novel associations. As MIS-C remains a significant complication even in the post-
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vaccine era (1), further investigations should refine biomarkers for severe manifestations, target
immunomodulatory treatment, and improve outcomes.

Figure 1. Clinical associationswith immunological phenotypesin M1S-C. A. Serum
biomarkers significantly associated with clinical phenotypesin MIS-C. Biomarkers are grouped
by clinical associations. Heatmap (purple) displays significance of clinical association. Heatmap
(red) displays average expression level of each biomarker for the clinical group, normalized by
row. B,C. Bar graphs display CD4"'CD45RO" (memory) T cell responses to SARS-CoV 2
peptides in patients with oxygen requirement (B) or neurological involvement (C). PBMC were
stimulated for 6h in the presence of CD28/CD49d aone or in combination with spike,
membrane, or nucleocapsid peptide pools. Cytokine expression was measured using intracellular
staining and flow cytometry, and the difference was calculated between CD28/CD49d + peptide-
treated and CD28/CD49d-treated cells. Responses were compared in subjects with vs. without
clinical symptoms. D. Bar graphs display TRVB// usage in MIS-C patientswith vs. without
Kawasaki Disease-like phenotype (MIS-C/KD), and in MIS-C/KD patients with vs. without
coronary artery aneurysms. * FDR<0.05, ** FDR<0.01, Mann-Whitney with multiple comparison
adjustment.
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