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Coronavirus disease 2019 (COVID-19) has devastated the global community since the emergence of severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) in late 2019. Most COVID-19 cases occur in adults, and a subset
develop COVID-19–associated hyperinflammatory syndrome (1), resulting in progressive respiratory illness and
multiorgan dysfunction. Progression to severe COVID-19 after SARS-CoV-2 exposure is less common in young adults
and children. However, since March 2020, areas with high community SARS-CoV-2 transmission have reported
increasing cases of a pediatric inflammatory syndrome that occurs weeks to months after initial asymptomatic or mild
SARS-CoV-2 infection (2). The US CDC termed this condition multisystem inflammatory syndrome in children (MIS-C,
also known as pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2 [PIMS-TS] in
Europe, where it was first recognized). Since June 2020, a similar syndrome (MIS-A) has been recognized in adults (3).
The pathology of MIS-C/A and its relationship to SARS-CoV-2 infection are not yet known. Available evidence suggests
significant heterogeneity in the human immune response to SARS-CoV-2. In this Viewpoint, we examine the spectrum of
SARS-CoV-2–associated clinical inflammatory syndromes identified in adult and pediatric populations to date. A better
understanding of the immunopathologies and related clinical manifestations of these syndromes is necessary to
improving their diagnosis and management. Severe COVID-19–associated hyperinflammatory syndrome in adults While
most adults have asymptomatic or mild infections after exposure to SARS-CoV-2, […]
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Coronavirus disease 2019 (COVID-19) has 
devastated the global community since the 
emergence of severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) in late 
2019. Most COVID-19 cases occur in adults, 
and a subset develop COVID-19–associated 
hyperinflammatory syndrome (1), resulting 
in progressive respiratory illness and mul-
tiorgan dysfunction. Progression to severe 
COVID-19 after SARS-CoV-2 exposure is 
less common in young adults and children. 
However, since March 2020, areas with 
high community SARS-CoV-2 transmission 
have reported increasing cases of a pediatric 
inflammatory syndrome that occurs weeks 
to months after initial asymptomatic or mild 
SARS-CoV-2 infection (2). The US CDC 
termed this condition multisystem inflam-
matory syndrome in children (MIS-C, also 
known as pediatric inflammatory multisys-
tem syndrome temporally associated with 
SARS-CoV-2 [PIMS-TS] in Europe, where 
it was first recognized). Since June 2020, a 
similar syndrome (MIS-A) has been recog-
nized in adults (3). The pathology of MIS-
C/A and its relationship to SARS-CoV-2 
infection are not yet known.

Available evidence suggests signifi-
cant heterogeneity in the human immune 
response to SARS-CoV-2. In this View-
point, we examine the spectrum of SARS-
CoV-2–associated clinical inflammatory 
syndromes identified in adult and pedi-
atric populations to date. A better under-
standing of the immunopathologies and 
related clinical manifestations of these 
syndromes is necessary to improving their 
diagnosis and management.

Severe COVID-19–associated 
hyperinflammatory syndrome 
in adults
While most adults have asymptomatic or 
mild infections after exposure to SARS-
CoV-2, those who progress to severe 
COVID-19 typically have preexisting, 
proinflammatory conditions, particularly 
cardiovascular disease, diabetes, and obesi-
ty. Severe COVID-19 can be complicated by 
respiratory failure, cardiac pathology, and 
thrombotic events. Patients with such com-
plications often have high levels of systemic 
inflammatory markers (including C-reac-
tive protein [CRP], ferritin, lactate dehy-
drogenase, and D-dimer), an increased 
neutrophil-to-lymphocyte ratio, and ele-
vated levels of circulating proinflammatory 
cytokines and chemokines (4).

These observations suggest that in vul-
nerable individuals, SARS-CoV-2 triggers 
a dysregulated inflammatory response, 
known as COVID-19–associated hyper-
inflammatory syndrome (1). Indeed, the 
complications of severe COVID-19 are 
often due to the sequelae of this hyperin-
flammation more than direct viral toxicity. 
Specifically, organ-system damage results 
from an uncontrolled cytokine cascade 
similar to that triggered in macrophage 
activation syndrome (MAS) and second-
ary hemophagocytic lymphohistiocyto-
sis (HLH). In contrast to MAS and HLH, 
COVID-19–associated hyperinflammatory 
syndrome less commonly demonstrates 
hepatosplenomegaly, alterations in fibrin-
ogen, or elevated serum levels of CD25, 
making it a distinct inflammatory syndrome 

(1). Importantly, lymphocytopenia is an ear-
ly indicator of impending severe disease. 
Although the exact cause of lymphocyto-
penia remains poorly understood, it may 
be related to immune exhaustion or lym-
phocyte apoptosis combined with an inabil-
ity to restore adequate lymphocyte supply 
(5). This paucity of lymphocytes could be 
a manifestation of imbalance in the innate 
and acquired immune responses, resulting 
in delayed viral clearance, dysregulated 
interferon production, and hyperstimulated 
macrophages and neutrophils (Figure 1) (6). 
Patients with severe COVID-19 demon-
strate distinct immunophenotypes, ranging 
from complete lack of T or B cell responses 
to an overexaggerated activation of CD4+ 
T cells with hyperactivated and exhausted 
CD8+ T cells (7). Interestingly, recent data 
indicate that genetic and acquired defects in 
type I interferon signaling may predispose 
individuals to severe COVID-19 (8).

These immunologic observations have 
informed treatment and research protocols 
for patients with COVID-19–associated 
hyperinflammatory syndrome. Immuno-
modulatory therapies and antiinflamma-
tory agents, including corticosteroids, have 
become accepted treatments for severe 
COVID-19. Continued analysis of immune 
dysregulation during the entire time course 
of COVID-19 in patients with a range of 
clinical presentations is critical to optimiz-
ing the timing, dosing, safety, and efficacy 
of these therapies and to developing new 
therapeutic agents.

A SARS-CoV-2–associated 
hyperinflammatory syndrome 
in children
Children are thought to be less suscepti-
ble than adults to SARS-CoV-2 (9), and 
COVID-19 has been documented much 
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MIS-C was first identified because of its 
similarity to other pediatric inflammato-
ry syndromes, such as Kawasaki disease 
(KD), toxic shock syndrome, and MAS. 
Like the severe COVID-19 hyperinflam-
matory syndrome seen in adults, MIS-C 
is defined by significant systemic inflam-
mation and includes elevated serum levels 
of CRP, procalcitonin, D-dimer, ferritin, 
IL-10, and IL-6 along with neutrophilia, 
lymphocytopenia, and thrombocytopenia 
(14). Many MIS-C patients have a negative 
SARS-CoV-2 reverse-transcriptase PCR 
(RT-PCR) test, but positive SARS-CoV-2 
serology (15), specifically positive IgG and 
negative IgM (16), suggesting that MIS-C 
develops weeks after initial asymptomatic 
or mild SARS-CoV-2 infection (Figure 1). 
The predominance of previously asymp-
tomatic or mild disease in the setting of 
detectable SARS-CoV-2 antibody at the 

adaptive immune response with reduced 
production of inflammatory T cells; (c) 
preestablished partial protective immuni-
ty acquired from relatively recent exposure 
to other coronaviruses during childhood; 
(d) differences in expression of the cellu-
lar receptor and activator of SARS-CoV-2, 
which lead to lower susceptibility to pul-
monary infection compared with adults; 
and (e) absence of chronic comorbidities 
that compromise the integrity of the vas-
cular endothelium (13).

Although the young are less suscep-
tible than older adults to acute, severe 
COVID-19, cases of a delayed hyper-
inflammatory syndrome of children — 
known as MIS-C — occurring weeks to 
months after initial asymptomatic or 
mild SARS-CoV-2 exposure have been 
observed in populations experiencing sig-
nificant SARS-CoV-2 transmission (14). 

less often in children (10). The vast major-
ity of pediatric SARS-CoV-2 infections are 
asymptomatic or cause only mild symp-
toms. In the United States, pediatric hos-
pitalization rates are low (8.0/100,000 
persons) compared with those for adults 
(164.5/100,000 persons) (11). Although 
one-third of hospitalized children require 
intensive care (similar to adults), severe 
COVID-19 and death rarely occur in chil-
dren and are usually limited to those with 
underlying health conditions (including 
obesity) or infants (12).

While the specific mechanism or 
mechanisms that protect children from 
severe COVID-19 are unclear (13), there 
are five leading theories. Compared with 
older adults, younger individuals may have 
(a) a more robust innate immune response 
during early infection that allows for early 
control of viral replication; (b) a less robust 

Figure 1. Potential mechanisms for inflammatory syndromes associated with SARS-CoV-2. SARS-CoV-2 can trigger a range of inflammatory syndromes 
across the age spectrum. Compared with children, adults — particularly those with certain preexisting proinflammatory comorbidities — are more likely to 
develop acute COVID-19–associated hyperinflammatory syndrome within 1 to 2 weeks of exposure to SARS-CoV-2. COVID-19–associated hyperinflamma-
tory syndrome begins with failure of the regulatory immune response to SARS-CoV-2, including abnormal interferon production that drives macrophage 
hyperactivation. This results in inflammatory cytokine cascades and causes significant damage to multiple organ systems. In contrast, children are more 
likely to have asymptomatic or mild acute SARS-CoV-2 infection without sequelae. The reason or reasons why children do not commonly develop acute 
COVID-19–associated hyperinflammatory syndrome remain unknown. However, both children and adults can develop MIS-C/A of unclear etiology weeks 
after initial asymptomatic or mild SARS-CoV-2 infection. The precise cause of MIS-C/A inflammatory symptoms remains unclear, but may be due to 
development of abnormal antibody responses that drive systemic hyperinflammation. APC, antigen-presenting cell; ESR, erythrocyte sedimentation rate; 
LDH, lactate dehydrogenase; ALC, absolute lymphocyte count; GCSF, granulocyte colony-stimulating factor; IP-10, interferon-γ–induced protein–10; MCP1, 
monocyte chemotactic protein 1; MIP1α, macrophage inflammatory protein 1α; BNP, brain natriuretic peptide.
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matory syndrome, children and adults 
with MIS-C/A present more often with 
gastrointestinal symptoms and less often 
with respiratory symptoms and throm-
botic sequelae. Additionally, those with 
MIS-C/A are more likely to be previous-
ly healthy and less likely to have positive 
SARS-CoV-2 molecular tests; rather, they 
typically have serologic evidence of prior 
exposure. MIS-C/A patients are also more 
likely to have favorable clinical outcomes 
compared with adults with COVID-19–
associated hyperinflammatory syndrome. 
Despite these differences, the hyperin-
flammatory states that characterize severe 
COVID-19 and MIS-C/A do have notable 
clinical similarities, such as multiorgan 
dysfunction, profound elevation in inflam-
matory markers, and significant cardio-
vascular involvement with evidence of 
myocardial and coronary artery injury.

Many important questions remain 
concerning the immunopathogenesis and 
optimal management of the inflammatory 
sequelae of SARS-CoV-2 infection across 
the age spectrum. The clinical and immu-
nologic risk factors that increase suscep-
tibility to acute hyperinflammation and/
or delayed inflammatory sequelae after 
SARS-CoV-2 exposure are still unclear. 
Additionally, while direct SARS-CoV-2–
triggered maladaptive immune cascades 
likely contribute to the inflammatory dam-
age seen in severe COVID-19, the cause 
or causes of MIS-C/A are less apparent. 
One consideration is that SARS-CoV-2–
induced autoimmunity may play a role 
in the pathogenesis of MIS-C/A and may 
explain reports of weeks to months of per-
sistent symptoms after severe COVID-19 
(17). Large, prospective, longitudinal 
studies assessing the development of 
delayed inflammation and autoimmunity 
in both children and adults are warranted 
for addressing these questions. Mapping 
out the natural progression of the host 
inflammatory response to SARS-CoV-2 in 
relation to viral replication and identifying 
the optimal timing of immune-modulating 
therapies will lead to improved outcomes 
in children and adults with COVID-19 
and MIS-C/A. Ideally, biomarkers that 
distinguish between acute and delayed 
SARS-CoV-2–associated hyperinflammation 
will be identified to help with treatment 
decisions and prognostication. Insights 
derived from such studies will further 

respiratory symptoms (3). MIS-A is like-
ly underrecognized; fewer than 30 cases 
have been reported to date. While clinical 
features vary, MIS-A most often mani-
fests with cardiac (including arrhythmias, 
left ventricular heart failure, and elevated 
troponins), gastrointestinal, dermatolog-
ic, and/or neurologic symptoms. Several 
of the reported MIS-A cases demonstrate 
features similar to those of KD, a dis-
ease that is extremely uncommon among 
adults. Because they may have a negative 
SARS-CoV-2 PCR test, it is imperative to 
evaluate patients suspected to have MIS-A 
via SARS-CoV-2 serologic assays to estab-
lish the diagnosis; the lack of widespread, 
early serologic testing in many locations 
likely contributed to delayed recognition 
of this clinical entity. Patients with MIS-A 
have been given various therapies, includ-
ing intravenous immunoglobulin, cortico-
steroids, and the IL-6 receptor inhibitor 
tocilizumab. While most required inten-
sive care, 24 of 27 reported cases survived 
(3). Similarly to what occurs with MIS-C, 
the specific pathologic mechanisms driv-
ing MIS-A remain unknown, and more 
data regarding risk factors, clinical char-
acteristics, and outcomes are needed to 
guide therapeutic interventions.

Tying it all together: 
implications of SARS-CoV-2–
associated hyperinflammation 
across the age spectrum
The ability of SARS-CoV-2 to trigger 
inflammatory syndromes in both adults 
and children is now well established. How-
ever, the detailed features that distinguish 
acute and delayed forms of SARS-CoV-2–
related inflammation remain unclear. Cur-
rent adult models of severe COVID-19 sug-
gest early hyperactivation of the immune 
response, impaired interferon function, 
and excessive macrophage activation, fur-
ther complicated by dysregulation of tis-
sue-repair mechanisms and fibrosis. Such 
acute progression to severe COVID-19 
occurs within 1 to 2 weeks of initial SARS-
CoV-2 exposure and leads to significant 
morbidity and mortality. In contrast, a 
delayed inflammatory response, manifest-
ing as the relatively recently defined MIS-
C/A, is increasingly recognized weeks to 
months after asymptomatic or mild SARS-
CoV-2 infection. Compared with adults 
with COVID-19–associated hyperinflam-

time of MIS-C diagnosis provides ear-
ly evidence that development of MIS-C 
results from delayed hyperimmune acti-
vation (including potentially pathogenic 
antibody responses) rather than direct 
viral damage, although this concept 
requires further study (17).

Most MIS-C patients present with 
fever and a spectrum of symptomatology 
involving multiple organ systems, includ-
ing cardiovascular, gastrointestinal, and 
hematologic manifestations. Notably, pul-
monary pathology is not a predominant 
feature. Many MIS-C patients demonstrate 
a KD-like phenotype, although such pre-
sentations often differ from true KD in sev-
eral key areas, including older age, prom-
inent gastrointestinal symptoms, higher 
levels of inflammation, and the presence 
of thrombocytopenia rather than throm-
bocytosis (18, 19). MIS-C patients can have 
significant cardiac involvement, manifest-
ed as elevations in brain natriuretic peptide 
and troponin levels, myocarditis, impaired 
left ventricular function, and coronary 
artery abnormalities (14). Patients with 
MIS-C can become critically ill, requir-
ing inotropic and vasopressor support, 
mechanical ventilation, and extracorpore-
al membrane oxygenation. Regardless of 
severity of disease presentation, children 
with MIS-C appear to respond promptly to 
relatively short courses of immunomodu-
latory agents, such as corticosteroids and 
intravenous immunoglobulin therapy, the 
latter selected for its well-documented role 
in KD treatment. The mortality rate from 
MIS-C is low (approximately 2%), but is 
higher than the reported mortality rates of 
primary SARS-CoV-2 infection in children 
(0%–0.6%) (15).

An underrecognized, delayed 
SARS-CoV-2–associated MIS-A
Since June 2020, a similar, delayed multi-
system inflammatory syndrome has been 
recognized in adults — distinct from acute 
COVID-19–associated hyperinflamma-
tory syndrome (3, 20). This syndrome, 
MIS-A, is currently defined as an illness 
requiring hospitalization in a person older 
than 21 years with a positive test for cur-
rent or previous SARS-CoV-2 infection 
within the preceding 12 weeks, severe 
extrapulmonary organ dysfunction, and 
laboratory markers consistent with hyper-
inflammation in the absence of severe 
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