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Evolution of MIS-C as a new 
pediatric disease
Over the past year, SARS-CoV-2 has been 
implicated in a variety of different disease 
processes. In addition to the respiratory 
syndrome now known as COVID-19, SARS-
CoV-2 has also been implicated in forma-
tion of blood clots, rashes, neurological 
symptoms, and a postinfectious syndrome 
termed “long COVID.” In sharp contrast 
with other respiratory viruses such as respi-
ratory syncytial virus (RSV) and influenza, 
which cause a substantial disease burden in 
the pediatric population every year during 
the fall and winter months, the burden of 
disease for COVID-19 has fallen predomi-
nantly on adults.

However, in April 2020, several weeks 
following the peak of the pandemic in 
Europe, there were reports of an increased 
incidence of a Kawasaki’s disease–like 
(KD-like) syndrome in the United King-
dom and Italy (1, 2). New York City, the 
initial US epicenter of the COVID-19 pan-
demic, followed with a similar rise in May. 
KD is a rare childhood vasculitis typically 
seen in children under 5 years of age and is 

the most common cause of acquired heart 
disease in children in developed countries 
due to the development of coronary artery 
aneurysms (3). Classically, it is clinically 
diagnosed based on the presence of five or 
more days of fever, and four or more of the 
following: mucosal changes, conjunctival 
injection, swelling of hands and feet, and 
cervical lymphadenopathy greater than or 
equal to 1.5 cm.

In contrast with KD, this new syn-
drome, termed multisystem inflammato-
ry syndrome in children (MIS-C), which 
appears to be temporally associated with 
COVID-19, more commonly affects old-
er children and adolescents, is associat-
ed with gastrointestinal complaints, and 
progresses much more rapidly to severe 
illness and multiorgan dysfunction. Cyto-
kine profiling and immunophenotyping 
data from several studies demonstrate 
that KD and MIS-C are likely two distinct 
clinical entities (4).

So dire are the consequences of miss-
ing a diagnosis of MIS-C due to the rapid 
progression to multiorgan dysfunction that 
the CDC released a Health Alert Network 

(HAN) advisory in May 2020 defining 
MIS-C in overly broad clinical terms to 
capture as many affected patients as pos-
sible. Unfortunately, this broad approach 
has also led to overly aggressive medi-
cal workups and hospital admissions for 
children with otherwise benign viral syn-
dromes. Thus, a critical need exists to 
identify diagnostic biomarkers of MIS-C.

Current trends in MIS-C research 
have focused on profiling the immune 
perturbations caused by the disease via 
cytokine analysis, high-dimensional flow 
cytometry, and RNA-Seq (5). These big 
data approaches have generated a wealth 
of knowledge and certainly paint a picture 
of a highly dysregulated immune response 
to SARS-CoV-2. However, these tech-
niques are not easily translatable to wide-
spread clinical use.

Superantigen theory of disease
MIS-C shares many clinical similarities 
with toxic shock syndrome (TSS) in that 
both are rapidly progressive, involve mul-
tiple organ systems, and appear to develop 
because of an overwhelming hyperinflam-
matory immune response. Thus, a super-
antigen (SAg) effect for SARS-CoV-2 has 
previously been hypothesized (6, 7).

SAgs are a group of antigens from 
bacteria or viruses that activate T cells in 
a nonspecific manner by binding to the 
β-chain variable (Vβ) region of the T cell 
receptor (TCR). In contrast, convention-
al antigens are processed and presented 
by antigen-presenting cells (APCs) and 
require a very specific interaction with 
the TCR known as the conventional pep-
tide-MHC complex. A massive release of 
proinflammatory cytokines such as tumor 
necrosis factor α (TNF-α), interleukins (IL-
2), and interferon γ (IFN-γ) ensues follow-
ing polyclonal nonspecific activation of T 
cells by SAgs, leading to what is referred 
to as a “cytokine storm” (8). The most 
well-studied bacterial SAgs are the exo-
toxins produced by Streptococcus aureus, 
which are responsible for TSS.
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Multisystem inflammatory syndrome in children (MIS-C) is a rare but deadly 
new disease in children that rapidly progresses to hyperinflammation and 
shock, and can lead to multiple organ failure if unrecognized. It has been 
found to be temporally associated with the COVID-19 pandemic and is often 
associated with SARS-CoV-2 exposure in children. In this issue of the JCI, 
Porritt, Paschold, et al. identify restricted T cell receptor (TCR) β-chain 
variable domain (Vβ) usage in patients with severe MIS-C, indicating a 
potential role for SARS-CoV-2 as a superantigen. These findings suggest 
that a blood test that determines the presence of specific TCRβ variable gene 
(TRBV) segments may identify patients at risk for severe MIS-C.
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Importantly, the authors go on to demon-
strate that diversity in CDR3 and J gene usage 
was maintained and did not differ substan-
tially among the patient groups (9). Because 
the CDR3 loop is the major determinant of 
antigen specificity for conventional pep-
tide-MHC interactions, the observation that 
CDR3 diversity is maintained supports the 
authors’ hypothesis that T cell expansion is 
being driven by a SAg rather than a specific 
TCR-peptide-MHC interaction (Figure 1A). 
Further, because SAgs bind predominantly to 
the V segment of the TCR, diversity in J gene 
usage also supports this hypothesis.

To date, the majority of children affect-
ed by MIS-C appear to be of Hispanic Lati-
no or non-Hispanic Black ethnicity, while 

Identification of Vβ restriction 
in children with MIS-C
In this issue of the JCI, Porritt, Pas-
chold, et al. examined the TCR reper-
toires of children with mild and severe 
MIS-C compared with age-matched 
febrile control patients. In contrast with 
febrile control patients without MIS-C 
and patients with mild MIS-C, TCR-se-
quencing analysis revealed enrichment 
of TRBV11-2, TRBV24-1, and TRBV11-3 
gene segments in patients with severe 
MIS-C, and that TRBV11-2 enrichment, 
in particular, was associated with the 
development of a cytokine storm char-
acterized by elevated levels of TNF-α, 
IFN-γ, IL-6, and IL-10 (9).

In addition to TSS, SAgs have been 
implicated in a variety of acute and 
chronic autoimmune diseases such as 
KD, mentioned previously, acute rheu-
matic fever, chronic rheumatic heart 
disease, and psoriasis (8). Although TCR 
repertoire studies in each of these cases 
have found restricted Vβ amplification, 
which is a hallmark of SAg activity, a 
causative link has yet to be established. 
In addition to the direct effects of cyto-
kine release, downstream mechanisms of 
disease include tissue damage leading to 
abnormal presentation of self-peptides 
by APCs, activation of autoreactive T 
cells, and skewing of the balance between 
CD4+ and CD8+ T cell populations.

Figure 1. Potential mechanisms for T cell activation in MIS-C. (A) Superantigen and conventional antigen activate T cells to expand in a 
polyclonal or clonal manner. Because superantigens classically activate T cells by binding to the Vβ region (blue) without interacting with the 
CDR3 loops (red, green, purple), the expanded polyclonal T cell population demonstrates shared Vβ usage but diversity in CDR3 sequences and 
lengths. In contrast, T cells activated by conventional antigens depend on interactions of the CDR3 loop with the peptide-MHC complex. Thus, 
T cells expanded by conventional antigens demonstrate clonal expansion with shared CDR3 loops as well as Vβ usage. The findings in Porritt, 
Paschold, et al. (9) suggest that superantigens drive T cell expansion in MIS-C. (B) The two-hit model for MIS-C posits that the first hit occurs 
from nonspecific superantigen activation of a polyclonal T cell population by SARS-CoV-2. The second hit occurs following infection with a second 
virus, leading to robust reactivation of a previously expanded T cell subgroup from the first hit. This subgroup of T cells may also cross-react with 
self-antigens, leading to tissue injury.
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release that is classically seen in TSS. The 
authors hypothesize that this trigger may 
be a second exposure to SARS-CoV-2 in 
the absence of neutralizing antibody titers 
or residual viral particles in the intestinal 
tract (9). Another possibility follows a two-
hit model whereby SARS-CoV-2 infection 
is the first hit that nonspecifically expands 
a polyclonal population of T cells. A second 
hit with a different virus, already endemic 
in humans, two to four weeks later might 
activate a subpopulation of T cells initial-
ly expanded from the first hit with cross-
reactivity to self-antigens (Figure 1B).

Although the study is limited by small 
sample size and lack of in vitro or in vivo data 
to demonstrate mechanism, it should also be 
remembered that obtaining adequate blood 
volumes from children to perform robust 
T cell studies can be challenging, MIS-C is 
a rare but catastrophic disease, and we are 
in the midst of a global pandemic that has 
taxed the health care and scientific infra-
structure. Thus, the work done by Porritt, 
Paschold, and colleagues (9) that has shed 
light on this mysterious and lethal childhood 
disease is commendable.
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Asian children have been relatively unaf-
fected (10). This observation suggests the 
presence of an underlying genetic contribu-
tion to disease pathogenesis. In this study, 
HLA typing revealed that all four patients 
with severe MIS-C that had TRBV11-2 
expansions also used HLA class I A02, B35, 
and C04 alleles. In contrast, only 10% of 
febrile controls and 0% of MIS-C patients 
without TRBV11-2 expansions utilized all 
three alleles. Interestingly, compared with 
the Asian population, these alleles are 
found in relatively higher frequencies in the 
non-Hispanic Black, Hispanic Latino, and 
White populations in the United States (11).

Although the authors do propose an 
in silico model for how SARS-CoV-2 may 
interact with the TCR and MHC molecule 
in a SAg fashion, in vitro and in vivo stud-
ies demonstrating a direct causal relation-
ship still need to be performed (9).

Concluding thoughts
Enrichment of TCRBV11-2 in peripheral 
blood samples of patients with suspected 
MIS-C has the potential to be used as a bio-
marker to help physicians identify patients at 
risk for severe disease, and thus spare many 
children from an extensive medical work-up 
or unnecessary hospital admissions.

Two important questions remain: (a) 
If SARS-CoV-2 functions as a SAg, why is 
the inflammatory cascade delayed by up 
to two to four weeks after infection rath-
er than coinciding with massive T cell 
activation? (b) What is the trigger? The 
delayed response would indicate a mech-
anism that is separate from large-scale T 
cell activation and the associated cytokine 
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