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Background: Despite similar rates of infection, adults and children have markedly different
morbidity and mortality related to severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2). Compared to adults, children have infrequent severe manifestations of acute
infection but are uniquely at risk for the rare and often severe Multisystem Inflammatory
Syndrome in Children (MIS-C) following infection. We hypothesized that these differences in
presentation are related to differences in the magnitude and/or antigen specificity of SARS-
CoV-2-specific T cell (CST) responses between adults and children. We therefore set out to
measure the CST response in convalescent adults versus children with and without MIS-C
following SARS-CoV-2 infection.

Methods: CSTs were expanded from blood collected from convalescent children and
adults post SARS-CoV-2 infection and evaluated by intracellular flow cytometry, surface
markers, and cytokine production following stimulation with SARS-CoV-2-specific
peptides. Presence of serum/plasma antibody to spike and nucleocapsid was
measured using the luciferase immunoprecipitation systems (LIPS) assay.
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Findings: Twenty-six of 27 MIS-C patients, 7 of 8 non-MIS-C convalescent children, and
13 of 14 adults were seropositive for spike and nucleocapsid antibody. CST responses in
MIS-C patients were significantly higher than children with uncomplicated SARS-CoV-2
infection, but weaker than CST responses in convalescent adults.

Interpretation: Age-related differences in the magnitude of CST responses suggest
differing post-infectious immunity to SARS-CoV-2 in children compared to adults post
uncomplicated infection. Children with MIS-C have CST responses that are stronger than
children with uncomplicated SARS-CoV-2 infection and weaker than convalescent adults,
despite near uniform seropositivity.
Keywords: SARS-CoV-2, T cell, MIS-C, COVID-19, pediatric
INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has
infected more than 250 million people and caused more than 5
million deaths worldwide. Despite similar infection rates across age
groups, the mortality burden has fallen largely upon adults with
relatively few acute cases requiring hospitalization among children (1,
2). Sequelae of SARS-CoV-2 infection, including Multisystem
Inflammatory Syndrome in Children (MIS-C), also differ between
adults and children. The reason for these age-related differences in
disease course is not known but likely involves differences in the host
response to infection. Therefore, an improved understanding of the
pediatric immune response to SARS-CoV-2 has important
implications for the treatment and prevention of illness in adults
and children.

MIS-C is a life-threatening hyperinflammatory syndrome that
occurs in children several weeks after primary SARS-CoV-2
infection and is characterized by the presence of fever, multiorgan
involvement—commonly dermatologic, gastrointestinal, and
cardiovascular—and markedly elevated inflammatory markers (3–
6). While MIS-C bears similarities to Kawasaki Disease (KD), a
vasculitis that presents in children, its immunologic profile is
distinct, indicating likely differing pathobiology (7–10). Recent
studies have shown an association between development of MIS-
C and expansion of Vbeta 21.3+ CD4+ and CD8+ T cells, activation
of vascular patrolling CX3CR1+ CD8+ T cells, putative
autoantibody expression, and decreased numbers of tolerogenic
dendritic cells, though its cause remains undefined (7, 11–14).
Following the identification of MIS-C, multisystem inflammatory
syndrome in adults (MIS-A) was also described as a likely post-
infectious inflammatory sequela in adults, though it appears to be
rarer than MIS-C and its overlap with severe COVID-19 and
pediatric MIS-C is not yet well-understood (15, 16).

T cell responses are essential for viral clearance and prolonged
immunity post infection, and multiple studies have demonstrated
that SARS-CoV-2 induces a strong and lasting T cell response in
adults with coronavirus disease 2019 (COVID-19) that is
associated with recovery (17–22). We also previously showed
matory syndrome in children; CST,
eral blood mononuclear cells; COVID-
ase immunoprecipitation systems.
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that SARS-CoV-2-specific T cells (coronavirus-specific T cells,
CSTs) can be expanded from convalescent adults following mild
and moderate COVID-19 (23). These findings demonstrate
durable CST responses in convalescent adults. Deep
immunophenotyping in adults has shown derangements in
many immune cell populations in patients with severe COVID-
19, which differ from those seen in MIS-C (7, 9, 11, 12, 24, 25).
However, the role of CSTs with regard to virus clearance and
pathology in children is not yet clear. Hence, we chose to study the
CST response in convalescent adults compared to children with
and without MIS-C post SARS-CoV-2 infection. Here we are the
first to describe functional differences in CSTs from adults and
children with and without MIS-C, suggesting that virus-specific
immune responses differ between these groups, which is highly
likely to have ramifications for future susceptibility and need
for vaccination.

METHODS

Participants
Peripheral blood mononuclear cells (PBMCs) were obtained from
participants recruited from Children’s National Hospital (CNH)
(Washington, DC) and the National Institutes of Health under
informed consent approved by the Institutional Review Board of
both institutions in accordance with the Declaration of Helsinki.
Participants were eligible for recruitment if they had a history of
SARS-CoV-2 infection (based on positive antibody or SARS-CoV-2
PCR) or had a current confirmed or probable diagnosis of MIS-C
(6, 26). Probable and confirmed MIS-C were defined according to
CNH criteria whereby confirmed MIS-C met the CDC case
definition including detectable SARS-CoV-2 antibody, positive
SARS-CoV-2 RT-PCR, and/or identified laboratory-confirmed
contact within the past 4 weeks (26), and probable MIS-C met all
CDC criteria except for positive SARS-CoV-2 RT-PCR, antibody
test, or known contact, but with appropriate temporal onset
following surge in the community. Clinical data were collected by
interview with participants/guardians and retrospectively by
medical record review for patients with MIS-C.

Generation of SARS-CoV-2–Specific T Cells
CSTs were expanded from PBMCs by a 10-day expansion protocol
that has been previously described (27). Briefly, PBMCs were plated
January 2022 | Volume 12 | Article 793197
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in 96-well round bottom plates at 200,000 cells per well and pulsed
with a mix of overlapping peptide pools encompassing viral
structural proteins (0.5 µg/antigen per 1 x 106 cells) then
incubated in media supplemented with IL-4 (400 IU/mL) and
IL-7 (10 ng/mL). Cytokines were replenished at day 7 and cells
were harvested at day 10 for further testing.

Flow Cytometry
Lymphocytes were stained with fluorophore-conjugated antibodies
against CD3, CD4, CD8, CD56, CD107a, HLA-DR, IFN-g, TNF-a,
TCRab, TCRgd, CD45RO, CCR7, CXCR3, CCR4, CCR6, CD25,
and CD127 (Miltenyi Biotec; BioLegend). All samples were acquired
on a CytoFLEX cytometer (Beckman Coulter, Brea, CA).
Intracellular cytokine staining was performed as follows: cells
were stimulated with individual peptides (200 ng per peptide per
well) or actin (control) in the presence of brefeldin A (Golgiplug; BD
Biosciences, San Jose, CA) and CD28/CD49d (BD Biosciences) for 4
hours. T-cells were fixed, permeabilized with Cytofix/Cytoperm
solution (BD Biosciences) and stained with IFN-g and TNF-a
antibodies (Miltenyi Biotec). SARS-CoV-2-specific T cells were
identified by TNF-a and IFN-g positivity in response to SARS-
CoV-2 peptides.

Multiplex Cytokine Assay
CSTs post 10-day expansion were plated at 1 x 105 cells per well in
96-well plates then stimulated with pooled pep-mixes (200 ng/
peptide/well) or control actin peptide and incubated for 48 hours.
Supernatants were harvested and the cytokine profile analysis was
performed using the Bio-Plex Pro Human 17-Plex Cytokine Assay
Kit (Bio-Rad, Hercules, CA), and read on a MAGPIX system
(Luminex, Austin, TX).

Serology
Quantitative measurements of SARS-CoV-2 spike and nucleocapsid
antibodies from participant plasma or serum were made using the
luciferase immunoprecipitation assay systems (LIPS) as described
previously (28).

Human Leukocyte Antigen
(HLA) Sequencing
Samples were sent for high resolution SSO HLA typing (The
Sequencing Center, Fort Collins, CO).

Statistical Analysis
Statistical analysis was performed in GraphPad Prism 9
(Graphpad Software, San Diego, CA, USA). Data were
described using geometric means and medians with 95%
Frontiers in Immunology | www.frontiersin.org 3
confidence intervals. The Mann-Whitney U test was utilized
for pairwise analysis of antibody and T cell responses.

RESULTS

Study Population
Subjects included 35 previously healthy children—27 hospitalized
for MIS-C and 8 with recent uncomplicated SARS-CoV-2 infection
(median 84 days since onset of symptoms or positive SARS-CoV-2
PCR)—and 14 adults with a recent mild to moderate SARS-CoV-2
infection (median 164 days since onset of symptoms or positive
SARS-CoV-2 PCR) (23). None of the pediatric subjects without
MIS-C were hospitalized for their SARS-CoV-2 infections. One was
asymptomatic and seven experienced mild symptoms including
fever, cough, congestion, headache, and/or diarrhea for up to 1
week. Of the 14 adult subjects, one was hospitalized for severe
COVID-19. The other 13 adults experienced mild to moderate
symptoms including congestion, cough, fatigue, fever and anosmia
lasting 2 days to 2 weeks.

In the MIS-C cohort, 26% (n=7) of patients identified as black or
African American and 63% (n=17) identified as of Hispanic, Latino
or Spanish origin, while 37.5% (n=3) in the non-MIS-C cohort
identified as black or African American and 13% (n=1) identified as
Hispanic/Latino/Spanish origin (Table 1). Traditional human
leukocyte antigen (HLA) types identified in children with (n=21)
and without (n=7) MIS-C were consistent with the ethnicity of the
population (Supplemental Table 1).

Among patients with MIS-C, 89% (n = 24) required intensive
care for shock. This represents a high-acuity group of MIS-C
patients, of whom approximately 50% generally require critical
care at our institution (6). Sixty-three percent (n = 17) required
vasopressors for hypotension and 48% were treated for
respiratory failure with either non-invasive positive pressure
ventilation (n = 8) or invasive mechanical ventilation (n = 5).
Consistent with prior reports, a predominance (52%, n = 14) of
MIS-C patients showed cardiac involvement on echocardiogram
including depressed left ventricular (LV) systolic function (n = 9),
mild LV or RV dilation (n = 5), mild valvular insufficiency (n=4),
and/or coronary artery ectasia (n = 4). The median peak troponin
and BNP were markedly elevated at 0.16 (IQR 0.095-0.75) and
13828 (IQR 6862-22561) pg/mL, respectively (Table 2). There
was evidence of marked hyperinflammation with a median peak
CRP of 16.6 (IQR 12.3-22.9) mg/dL and serum soluble IL-2
receptor, IL-6, and IL-10 of 9002.6 (IQR 6006-11617), 51.4 (IQR
20.1-122), and 182 (IQR 74.0-377) pg/mL, respectively. All
patients with MIS-C received at least one dose of intravenous
immunoglobulin (IVIG) and 23 patients received the IL-1
TABLE 1 | Subject Demographics.

Age (years) Gender Race/Ethnicity

F M African American or Black Hispanic/Latino/Spanish Origin Caucasian Other

MIS-C 8.7 ± 5.2 48.1% 51.9% 26% (n = 7) 63% (n = 17) 7% (n = 2) 4% (n = 1)
Pediatric non-MISC 5.2 ± 4.3 62.5% 37.5% 37.5% (n = 3) 13% (n = 1) 50% (n = 4) none
Adult 38.3 ± 12 71.4% 28.6% none none 71.4% (n = 10) 28.6%(n = 4)
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receptor antagonist anakinra (6-10 mg/kg/day). Seven patients
received intravenous hydrocortisone (50 mg/m2/day) for shock
and five received methylprednisolone (2-3 mg/kg/day). Among
patients treated with methylprednisolone, two samples were
drawn after steroid initiation (6-7 days post initiation). Among
patients treated with anakinra, 22 of 23 samples were drawn after
anakinra initiation (median 6 days post anakinra initiation).
Timing of PBMC collection with respect to MIS-C treatment
and ICU admission are shown in Figure 1. Ten patients with
MIS-C reported a possible exposure, most commonly a
symptomatic or confirmed infection in a family member, and 7
of 27 reported a positive COVID RNA test 1-2 months prior to
presentation with MIS-C (Figure 1), timing consistent with prior
reports (3, 4, 8). All were asymptomatic or had mild symptoms at
that time. Four patients (14.8%) had positive nasal SARS-CoV-2
PCR tests on presentation with MIS-C.
Frontiers in Immunology | www.frontiersin.org 4
The Majority of Pediatric and Adult
Subjects Showed SARS-CoV-2
Seropositivity
Nearly all patients with MIS-C (n = 26) had evidence of
seropositivity to SARS-CoV-2 spike and nucleocapsid proteins
by LIPS assay. Seven of 8 (87.5%) pediatric convalescent subjects
without MIS-C showed evidence of seropositivity (median 84
[IQR 55-156] days since symptom onset or positive SARS-CoV-2
PCR), and 13 of the 14 (92.9%) adult subjects were seropositive
(median of 164 [IQR 102-172] days since symptom onset or
positive SARS-CoV-2 PCR) (Figure 2). There were no significant
differences in the quantity of antibody detected across groups.
Magnitude of T Cell Responses to
SARS-CoV-2 Is Higher in Adult
Convalescent Subjects and Children With
MIS-C Compared to Children Post
Uncomplicated SARS-CoV-2 Infection
CSTs (based on TNF-a and IFN-g secretion in response to spike,
membrane, or nucleocapsid viral peptides) were readily
expanded from convalescent adult (median 0.898% of CD3+ T
lymphocytes v 0.07% in actin control, p < 0.0001) and MIS-C
subjects (median 0.30% of CD3+ T lymphocytes v 0.02% in actin
control, p < 0.0001) (Figure 3). Pediatric subjects without MIS-C
yielded a less robust CST population (median 0.069% of CD3+ T
lymphocytes versus 0.0.016% in actin control, p = 0.02)
(Figure 4A). This difference in CST response between
convalescent adult and pediatric subjects was significant
(median 0.898% of CD3+ T lymphocytes in adults versus
0.069% in children without MIS-C, p < 0.0001 and 0.302% in
children with MIS-C, p = 0.0006). Moreover, the CST response
FIGURE 1 | SARS-CoV-2 exposure and MIS-C treatment relative to sample collection. Swimmer plot charting timing of SARS-CoV-2 exposure, symptoms of MIS-C
prior to hospitalization, hospital admission, ICU admission, and MIS-C treatment relative to study blood draw. P, patient SARS-CoV-2 RT-PCR positive; F, family
member(s) SARS-CoV-2 RT-PCR positive; Tr, travel; H, hydrocortisone; M, methylprednisolone; T, tocilizumab.
TABLE 2 | MIS-C subject clinical characteristics.

N (% of MIS-C subjects)

ICU admission 24 (89%)
Vasopressor requirement 17 (63%)
Non-invasive positive pressure 8 (30%)
Invasive mechanical ventilation 5 (18.5%)
Abnormal echocardiogram 14 (52%)
Depressed LV systolic function 9 (33%)
LV/RV dilation 5 (18.5%)
Valvular insufficiency 4 (14.8%)
Coronary artery ectasia 4 (14.8%)

Median (IQR)
Duration of invasive mechanical ventilation 2 (IQR 2-4) days
ICU length of stay 4.5 (IQR 2-6.3) days
Peak troponin 0.16 (IQR 0.095-0.75) pg/mL
Peak BNP 13828 (IQR 6862-22561) pg/mL
January 2022 | Volume 12 | Article 793197
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in children with MIS-C was significantly higher than that in
children without MIS-C (median 0.302% in MIS-C versus
0.069% in non-MIS-C samples, p = 0.002). When we analyzed
CSTs as a percentage of the CD4+ T cell subset these differences
were maintained (Supplemental Figure 1A). Among CD8+ T
cells, there was no significant increase in TNF-a and IFN-g
secretion in response to viral antigen compared to the actin
negative control, and there were no significant differences
between groups (Supplemental Figure 1B). CSTs responded to
spike, membrane, and nucleocapsid peptides (Figure 4B)
consistent with previously reported adult data identifying the
immunogenicity of epitopes in these proteins (19, 23, 29).
Frontiers in Immunology | www.frontiersin.org 5
Treatment with IL-1 blockade did not affect CST expansion
from MIS-C samples (Supplemental Figure 2).
SARS-CoV-2 T Cells Were Polyfunctional
and Predominantly CD4+ With Higher
Proportions of Central Memory T Cells
Detected in MIS-C Patients Compared to
Convalescent Adults
To evaluate the phenotype and polyfunctionality of the CSTs, we
measured their surface markers and performed cytokine
Luminex assays. As shown in Figure 5A, there was a CD4+
FIGURE 3 | Intracellular staining and flow cytometry. Flow cytometric dot plots from a representative CST population expanded from adult convalescent PBMCs
showing CD4+ and CD8+ T cells secreting IFN-g and TNF-a in response to viral antigen.
FIGURE 2 | SARS-CoV-2 serology. Serologies in luminescence units for antibodies to SARS-CoV-2 spike and nucleocapsid proteins from adult convalescent (blue),
pediatric convalescent (gray), and MIS-C (red) subjects, and negative controls (black). Negative controls are pre-pandemic adult samples. Assays were conducted in
duplicate on 10uL of 1:10 diluted plasma. Black line represents the median value for each cohort.
January 2022 | Volume 12 | Article 793197
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T cell predominance in all cohorts with polyfunctional responses
to spike, membrane and nucleocapsid antigens. The median
percentage of CD4+ T cells in CSTs derived from adult,
pediatric MIS-C, and pediatric non-MIS-C cohorts were 82.4%
(95% CI = 75.4 – 88.5%), 71.95% (95% CI = 65.3 – 78.2%), and
72.7% (95% CI = 67.8 – 84.8%), respectively. CD8+ T cells
comprised 5.9% (95% CI = 2.2 – 10.3%), 3.13% (95% CI = 1.67 –
7.22%), and 14.6% (95% CI = 3.78 – 22.5%) of CSTs derived from
adult, pediatric MIS-C, and pediatric non-MIS-C cohorts,
respectively. This CD4+ T cell predominance was consistent
across viral antigens (Figure 5B). While both convalescent adults
and children with MIS-C demonstrated a robust CST response,
the memory phenotype of these CSTs differed, with a
significantly higher percentage of central memory T cells and
fewer effector memory T cells in MIS-C patients compared to
convalescent adults (median 34.4% v 10.4% central memory and
51.6% v 84.2% effector memory, p < 0.0001) (Figure 5C). This
memory phenotype differed between adults and children with
Frontiers in Immunology | www.frontiersin.org 6
and without MIS-C in CD4+ and CD8+ CST subsets
(Supplemental Figure 3). Finally, supernatants from post-
expansion lymphocytes from MIS-C patients (n = 17) re-
stimulated with viral peptide pools for 48 hours exhibited
higher concentrations of GM-CSF, IL-2, IL-4, IL-10, IL-13,
TNF-a, and IL-2 receptor alpha over the actin baseline (p ≤
0.03) (Supplemental Figure 4). Most of these cytokines were
higher in supernatants from MIS-C samples compared to non-
MIS-C (n = 3) but this difference did not meet statistical
significance, possibly due to the small sample size
(Supplemental Figure 5).
DISCUSSION

In this study, we sought to identify differences in SARS-CoV-2-
specific T-cell responses in children with and without MIS-C
versus adults with uncomplicated infection. We discovered that
A B C

FIGURE 5 | CST Phenotypes. CSTs were predominantly CD4+ across (A) cohorts and (B) SARS-CoV-2 antigens. (C) CSTs expanded from patients with MIS-C
had fewer effector memory and more central memory cells than CSTs from convalescent adults (p < 0.0001). In (A, C) Boxes represent interquartile ranges; lines:
median values; whiskers: minimum to maximum. In (B) Boxes represent medians; whiskers: 95% confidence interval. EM, effector memory; CM, central memory;
TE, terminal effector. Asterisk (*) signifies p < 0.05.
A B

FIGURE 4 | CST response in adults and children with and without MIS-C. (A) Percent of CD3+ T lymphocytes from convalescent adult (blue), non-MIS-C pediatric
(gray), and MIS-C (red) subjects secreting TNF-a and IFN-g when stimulated with actin (negative control) or viral antigen post ex vivo expansion in the presence of viral
peptides. (B) Membrane (mem), nucleocapsid (NC), and spike peptides induce TNF-a and IFN-g CST secretion. Columns, medians, error bars, 95% confidence intervals.
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the pediatric CST response to SARS-CoV-2 in the absence
of MIS-C is significantly weaker compared to the CST
response observed in adult convalescent subjects and pediatric
patients with MIS-C, a finding that points to differences in
the virus-specific adaptive immune response among
pediatric patients with MIS-C versus those without. However,
convalescent adults displayed a stronger CST response than
either pediatric group.

The stratification by age of T cell response to viral antigen is
important in the setting of known age-related differences in
illness severity with exposure to SARS-CoV-2 and suggests that
SARS-CoV-2 may induce a more robust CST response in adults
as compared to children. This finding adds to that published by
Pierce et al. (30) in which T cells from adults compared to
children post SARS-CoV-2 infection had more IFN-g secretion
and CD25 expression in response to the spike antigen, and
establishes that not only spike but also membrane and
nucleocapsid antigens induce a stronger CST response in
adults compared to children post infection. It also suggests that
children post infection, even despite seroconversion, have a
proportionally lower T cell response to SARS-CoV-2 which
may be due to the predominantly milder clinical course of
SARS-CoV-2 infection in children compared with adults (1,
31). While both adult and pediatric cohorts reported mild to
moderate disease, the pediatric cohort was generally milder with
illness lasting 1-2 days consistent with reported outcomes for
children versus adults with SARS-CoV-2 infection. Whether a
more effective innate immune response to viral infection in
children with uncomplicated SARS-CoV-2 infection explains
these differences in adaptive immunity remains to be
determined (30, 32–34). Additionally, the lower magnitude of
T-cell responses in pediatric patients reflects the substantial need
for COVID-19 vaccinations in all children.

In comparison to children with uncomplicated SARS-CoV-2
infection, the MIS-C cohort mounted a significantly more robust
CST response to SARS-CoV-2 antigens. Importantly, while
median time from acute infection could not be reliably
calculated given that most MIS-C patients had no clear COVID-
19 history (positive RNA test or symptoms), those who did have a
known exposure, symptoms, or a positive RNA test reported that
these events occurred 1-2 months prior to clinical presentation
and sample collection. This is consistent with the timing of SARS-
CoV-2 exposure relative to development of MIS-C in previous
studies (3, 4, 8, 35) and suggests that the timing of our study
evaluations of MIS-C patients may be more proximal to acute
SARS-CoV-2 infection compared to our non-MIS-C pediatric and
adult convalescent samples. It will therefore be informative to
measure the CST response in children serially following MIS-C to
determine the half-life of T cell responses. We also demonstrated
that post recovery, patients with MIS-C elicited a robust adaptive
immune response to SARS-CoV-2 despite receiving steroids and
IL-1 blockade, suggesting that protective cell mediated immunity
was preserved.

Our results suggest that children with MIS-C have a stronger
T cell response to SARS-CoV-2 antigen than SARS-CoV-2
exposed children without MIS-C, despite no clear history of
Frontiers in Immunology | www.frontiersin.org 7
more severe primary SARS-CoV-2 illness than their non-MIS-C
convalescent pediatric counterparts. The interplay between this
response and immunopathology in MIS-C remains to be
established. It has been suggested that chronic antigen
exposure or delayed innate immune responses could contribute
to the development of MIS-C (32, 36), which might lead to
the higher CST frequency that we identified here. Multiple
groups have also identified potentially pathologic immune cell
subpopulations including non-virus-specific T cell clonotypes
(Vbeta 21.3+) and activated CX3CR1+ T cells, along with
putative autoantibodies to gastrointestinal and vascular
proteins (7, 9, 11), which may indicate a post-infectious
autoimmune etiology for the syndrome. Characterization of the
interaction between CSTs and other activated T cell subsets may
prove useful in identifying the underlying causes of MIS-C (11).

Similar to the results presented here, Hsieh et al. (10) also
identified an intact CST response in patients with MIS-C with a
similar pattern of antigen responsiveness compared to
uncomplicated convalescent adults and children, though their
study included a small number of children (11 with MIS-C and 2
without MIS-C). Pierce et al. (30) identified a weaker CST
response in children compared to adults but did not compare
the magnitude of response in children with and without MIS-C,
likely also due to sample size (5 MIS-C patients).

This study has some limitations. First, because children acutely
infected with SARS-CoV-2 often do not present to the hospital,
the number of convalescent pediatric subjects in this analysis is
low and their demographics differ from both the MIS-C and adult
cohorts. Second, the heterogeneity in sampling times makes it
difficult to directly compare the CST response in children with and
without MIS-C. The small sample size precluded regression
analysis to account for this. It will be essential to collect samples
fromMIS-C patients at later time points to determine whether the
heightened CST response observed here is sustained over time.
Relatedly, we cannot determine based on these data whether the
higher CST response in MIS-C was due to the acute inflammatory
milieu inMIS-C. Additionally, pediatric samples were drawnmore
proximally to acute infection than adult samples. Though we do
not expect that this would cause the differences that we observed
here, this should be confirmed with longitudinal analysis of
pediatric samples. Lastly, we used a well-described strategy for
the expansion and analysis of virus-specific T cells in this work.
While this approach provides a sample enriched in virus-specific T
cells, it also exposes samples to exogenous cytokines and peptides.
Therefore, while we can reliably establish significant differences in
CST frequency between the cohorts, we acknowledge that we
cannot draw definite conclusions regarding potential phenotypic
differences of in vivo bulk T cell phenotype in our subjects prior to
CST expansion.

In summary, we have demonstrated significant differences in
CST responses in pediatric subjects post uncomplicated SARS-
CoV-2 infection versus convalescent adults and patients with
MIS-C. Future longitudinal studies tracking immune responses
over time will be essential to further interrogate the role of T-cells
in the pathogenesis of inflammatory complications of COVID-19
in adults as well as children with MIS-C.
January 2022 | Volume 12 | Article 793197
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