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Abstract

Multisystem inflammatory syndrome in children (MIS-C) during the COVID-19 pandemic raised a global alert from the Centers

for Disease Control and Prevention’s Health Alert Network. The main manifestations of MIS-C in the setting of a severe

inflammatory state include fever, diarrhea, shock, and variable presence of rash, conjunctivitis, extremity edema, and mucous

membrane changes, and in some cases it progressed to multi-organ failure. The low percentage of children with asymptomatic

cases compared with mild illness and moderate illness could be correlated with the rare cases of MIS-C. One potential explanation

for the progression to severe MIS-C disease despite the presence of readily detectable anti-SARS-CoV-2 antibodies could be due

to potential role of antibody-dependent enhancement (ADE). We reason that the incidence of the ADE phenomenon whereby

the pathogen-specific antibodies can promote pathology should be considered in vaccine development against SARS-COV-2.

Introduction

In April 2020, clinical reports documented the occurrence of a multisystem inflammatory syndrome in chil-
dren (MIS-C) during the COVID-19 pandemic in the United States, United Kingdom, Italy, and France.
On May 14, 2020, the Centers for Disease Control and Prevention’s Health Alert Network issued a global
alert for MIS-C after identifying a possible link between this critical illness in children and infection from the
novel coronavirus SARS-COV-2, the virus that causes the COVID-19 disease[1]. The main manifestations
of MIS-C in the setting of a severe inflammatory state include fever, diarrhea, shock, and variable presence
of rash, conjunctivitis, extremity edema, and mucous membrane changes, and in some cases this can lead
to the development of multi-organ failure[2]. The multi-organ failure in MIS-C is manifest by neurologic
involvement, hyperferritinemia, and cardiogenic or vasoplegic shock [3]. Children with severe MIS-C cases
who have either previous exposure to SARS-CoV-2 or tested positive for SARS-CoV-2 were admitted to the
intensive care units for shock or acute heart dysfunction [4].

The MIS-C features share some aspects of the Kawasaki syndrome in terms of multisystem inflammation and
high levels of inflammatory biomarkers. However, whereas MIS-C has been reported in individuals who are
upto 21 years of age with a higher rate of cardiac involvement [3], patients with Kawasaki syndrome has been
shown to occur predominantly in infants and children under 5 years old [4]. The etiology of Kawasaki disease
remains unknown, with evidence suggesting that infectious agents could trigger the initiation of this disease.
Multiple cases of previously healthy children who developed MIS-C syndrome were shown to be associated
with a clinical or subclinical SARS-COV-2 infection. At present, it is unclear whether the SARS-COV-2
infection could ignite the inflammation cascade that causes MIS-C illness.

Whereas it was previously thought that SARS-COV-2 infection shows mild to asymptomatic disease in
children and those that become infected are not susceptible to pneumonia secondary to COVID-19 infection,
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this view has significantly changed following the documentation of MIS-C in select cases of pediatric SARS-
CoV-2 infection[5]. These findings has led to the conclusion that clearly more detailed studies are required
to more precisely define the molecular aspects of the triggering factors of MIS-C during the COVID-19
pandemic.

The low susceptibility of children to COVID-19 illness

Adults with severe COVID-19 suffer from deadly pneumonia and insufficient supply of oxygen throughout
the body, while children show mild to asymptomatic COVID-19 disease with fewer death cases. A study
early in the COVID-19 pandemic showed that the percentage of infected children with SARS-COV-2 was as
low as 0.9% for 0–10 years, and 1.2% for 10–19 years old [6]. Further analysis of the SARS-CoV-2 infected
children showed that whereas there was a 4% incidence of children with asymptomatic cases, those with mild
illness comprised 51%, and those with moderate illness 39% of the total cases [7]. The molecular bases of
the differences in COVID-19 pathogenesis between children and adults have yet to be fully understood.

The expression levels of SARS-COV-2 cellular receptors and co-receptors in the children and adults could
have an impact on virus infectivity and disease severity. Angiotensin-converting enzyme-2 (ACE2) represents
the primary SARS-COV-2 receptor for viral entry and it is co-expressed with a cluster of the transmembrane
protease TMPRSS2. The role of TMPRSS2 is cleaving the S protein of SARS-COV-1 and SARS-COV-2 into
two fragments S1, which is essential for virus attachment, and S2, for virus fusion into the target cells[8].
Attachment of the receptor-binding domain of the virus spikes to the ACE2 initiates SARS-COV entry into
target cells [9,10]. As such, lung epithelial cells represent the coronaviruses’ primary target because of the
co-expression of the ACE2 receptor with TMPRSS2 protein[11].

Children show lower ACE2 expression in the lungs than adults, which could contribute to the observed
differences in disease pathogenesis across different age groups [12]. It has been reported that SARS infec-
tion shows slight, non-specific, and cold-like symptoms in children younger than 12 years old that are less
pronounced than it is in adolescents [13]. The expression levels of the TMPRSS2 protein is regulated by the
levels of androgen and androgen receptors[14]. It is important to note that children younger than 12 years
old have a lower level of androgen and androgen receptors than are present in adolescents and adult men.
The age-based difference in the expression levels of ACE2 and TMPRSS2 could play a potential role in the
severity of COVID-19 pathogenesis.

The possible triggering of MIS-C via antibody-dependent enhancement

A number of reports documented the finding that most of the individuals presenting with MIS-C have
significant levels of SARS-COV-2 antibodies in their sera but they are negative for SARS-COV-2 by RT-
PCR. We reasoned that to a potential role of the antibody-dependent enhancement (ADE) that is well
described in dengue and Zika virus infections[15]. ADE could trigger the MIS-C syndromes whereby the
pathogen-specific antibodies can promote pathology.

It has been observed that the severe disease caused by SARS-CoV-1 infection is associated with the peak of
neutralizing antibody response, suggesting that antibody responses that potentially contain ADE antibodies
may also be related to disease outcome in SARS-CoV-1 infection [16]. The spike protein of SARS-CoV-2
contains various epitopes that could induce neutralizing and non-neutralizing antibody production. The
neutralizing antibodies afford a protective effect against virus entry into the host cells. On the other hand,
the antibodies generated against the non-neutralizing epitopes could enhance virus entry leading to severe
disease outcomes.

We hypothesize that the initial exposure of children to the SARS-COV-2 induces both neutralizing and non-
neutralizing antibodies production by immune cells. However, over time, it is possible that those children with
predominantly virus neutralizing antibodies progress to asymptomatic COVID-19 illness. However, a select
number of those that shift to producing predominantly non-neutralizing antibodies progress to severe disease
due to ADE. This is exemplified by the finding that at low dilutions anti-sera against SARS-CoV neutralized
SARS-CoV infection, while highly diluted anti-sera significantly increased SARS-CoV infection and induced
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higher levels of apoptosis [17]. Thus, the low levels of neutralizing antibodies could be insufficient to inhibit
virus entry, while the low levels of non-neutralizing antibodies could enhance virus entry and worsen the
disease outcome. It is important to note the delay between the recognized beginning of the SARS-COV-2
pandemic in the population and the recent emergence of MIS-C illness in children. It is possible that COVID-
19 induced pathology changed since the beginning of the pandemic, after the virus began circulating within
the general population due to varied levels of generational immunity background of hosts. The severe or mild
and symptomatic or asymptomatic infections produce a different ratio of neutralizing and non-neutralizing
antibodies that will affect the pathology of the second infection with SARS-COV-2 (Figure 1).

Figure 1: The hypothetical scheme shows that the susceptibility of children to re-infection with SARS-COV-
2 via ACE2-independent pathway will increase when the accumulated number of children with asymptomatic
disease is increasing in the population.

Microphages activation via antibody-dependent enhancement

A growing body of evidence suggests the host’s innate immune response to SARS-COV-2 infection triggers
the inflammation cascade that causes severe tissue damage[18]. In select cases COVID-19 is characterized
by a cytokine storm resembling that of macrophage activation seen in viral-induced lymphohistiocytosis and
haemophagocytosis[19]. SARS-CoV-2 infects macrophages in the lung and other tissues leading to a surge
in the production of pro-inflammatory cytokines.

The ACE2-independent pathway of virus entry depends on the expression of Fc receptors on the cellular
membrane of the immune cells. Binding of virus-antibody complex to Fc receptors induces cellular endo-
cytosis[17] (Figure 2). The existing SARS- CoV-2 specific antibodies in MIS-C patients may thus promote
viral entry into immune cells resulting in immune cell activation and subsequent acute inflammation. The
macrophages are activated when the endosomal Toll-like receptors TLR3, TLR7, and TLR8 start sensing
viral RNA and induce a downstream cascade of pro-inflammatory cytokines such as TNF and IL-6[17]. The
elevated levels of TNF are the leading cause of septic shock, and multi-organ failure may result in myocar-
dial damage and circulatory failure observed in some COVID-9 patients [20]. The local inflammation and
accumulation of pathological macrophage populations in the tissues could be among the leading causes of
MIS-C syndrome. Further investigation is required to illustrate the role of macrophage populations in MIS-C
syndrome.
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Figure 2: The ACE2-independent pathway of virus entry depends on the expression of Fc receptors on the
cellular membrane of the immune cells. Binding of virus-antibody complex to Fc receptors induces cellular
endocytosis resulting in immune cell activation and subsequent acute inflammation.

In conclusion, a few months after the COVID-19 pandemic, a significant frequency of MIS-C cases linked to
SRAS-COV-2 infection were reported in different countries. There is an apparent correlation between the
percentage of asymptomatic SRAS-COV-2 infection in children and the incidence of MIS-C. The absence
of SARS-COV-2 RNA in seropositive individuals suggests the possible role of SARS-COV-2 non-specific
antibodies in the development of MIS-C disease via ADE. As such, the phenomenon of ADE should be
considered in vaccine development against SARS-COV-2.

Funding: This work is partially supported by National Institute of
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P30MH062261 and Frances E. Lageschulte and Evelyn B. Weese New Frontiers in Medical Research Fund
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