Editorial/Leading article

Mariya I. Kaleda',
Irina P. Nikishina',
Evgeniy S. Fedorov',
Evgeniy L.
Nasonov'?

'V.A. Nasonova Research
Institute of Rheumatology,
Moscow, Russia

?|.M. Sechenov First
Moscow State Medical
University (Sechenov
University), Ministry of
Health of Russia,
Moscow, Russia.

134A Kashirskoe highway,
Moscow 115522

28, Trubetskaya str.,

Build 2 Moscow, 119991

TOIBHY «Hay4Ho-
1cCneaoBaTesibCKui
WHCTUTYT PEBMATONOMNN
um. B.A. HacoHoBoin»
115522, Poccuiickas
®epnepaums, Mocksa,
Kalumpckoe wocce, 34a
2®rA0Y BO «[Mepsbiit
MockoBckmin rocygapcr-
BEHHbIA MeONLUHCKUIA
YHUBEPCUTET UM.

.M. Ce4eHoBa»
MwunucTepcTBa 34paBoox-
paHeHus Poccuickon
®enepaunn
(CeyeHoBCKMIA
YHuBsepcuTer)

119991, Poccuiickas
®epnepaums, Mocksa,
yn. Tpy6eukas, 8, cTp. 2

Coronavirus Disease 2019 (COVID-19)
in Children: Lessons from Pediatric
Rheumatology

The clinical presentation and outcomes of coronavirus disease 2019 (COVID-19) are characterized by exceptional
variability in manifestations, which depend on many factors, one of which is the patient’s age. One of the severe
life-threatening manifestations in adults is acute respiratory distress syndrome (ARDS), in some cases accompanied
by the development of multiple organ failure (MOF). During the first two to three months of the COVID-19 pan-
demic, the global medical community was inclined to think that this infection is rather mild and not fatal in chil-
dren. However, with the accumulation of new information, it became clear that there is a growing recognition of
multisystem inflammatory syndrome (MIS-C) developing in children chronologically associated with SARS-
CoV-2, and usually leading to serious consequences. The article presents the most essential epidemiological, clinical
and laboratory characteristics of the syndrome, as well as discusses MIS-C pathogenesis and differential diagnosis
aspects with a number of other acute conditions associated with imbalance of cytokines, and available pharmaco-
therapies.
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KOPOHABUPYCHAS BOJIE3Hb 2019 (COVID-19) Y JIETEI:
YPOKU NEAUATPUYECKOI PEBMATOJIOTUU

M.U. Kanena', U.I1. Hukummna', E.C. ®enopos!, E.JI. Haconos'?

Knunnyeckast KapTiHa ¥ UCXOIBI KOpOHaBUPYCHOI 60me3nu 2019 (coronavirus disease — COVID-19) 3aBucsr

OT MHOTHUX (DaKTOPOB, OMHUM U3 KOTOPBIX SIBJISIETCST BO3pACT marreHTa. OMHUM M3 TSDKEJIbIX XU3HEYTPOKAIOIINX
MPOSIBJIEHUI1 Y B3POCIIBIX SIBJISIETCS] OCTPBIiA pecnupatopHslii auctpecc-cunapom (OPIC), B psiae ciiydaeB cOmpoBo-
JKIAIONINICS pa3BUTHEM TIOJTMOPTAaHHOM HEOCTaTOYHOCTU. B TeueHue nmepBbix MecsitieB manaemun COVID-19 cio-
JKUJIOCh MHEHHE, YTO y JeTeil 3T0 3a00/ieBaHIe, KaK MPAaBUIIO, TPOTEKAET B JIETKOI (hopMe U He MPUBOIUT K JIeTalTb-
HoMy ucxony. OHAKO 10 Mepe HAKOIJIEHUST HOBBIX CBEICHMIA CTajla O4EBUIHOM BO3MOXHOCTD TSIXKEJIOTO TeYECHUST
COVID-19 y neteii, NPUBOASIIETO K Pa3BUTHIO MATOJIOTHH, MOTyYMBIIEH HA3BAHUE «MYyJIbTHCUCTEMHBIN BOCTIAN-
TeJIbHBII cuHapoM» (Multisystem inflammatory syndrome in children — MIS-C). B cTatbe 006CyXaat0TCsl SITUIEMUO-
JIOTUYECKHUe, KIMHUYEeCKKEe 1 TabopaTopHbie xapakTepuctuku MIS-C, momxomsr K nuddepeHIIManbHOM TMarHOCTh -

Contacts: Kaleda Maria;
kaleda-mi@yandex.ru

KouTakTbl: Kanepa
Mapus WropesHa;
kaleda-mi@yandex.ru

Submitted: 10.09.2020

K€ C IPpYTMMHU BOCITAJIMTECIIbHBIMU 3a00JIeBAaHUSIMU y neTei, npearojgara€Mbi€ MEXaHU3Mbl UMMYHOIIATOTCHE3a

U TIEPCIIEKTUBHI (PapMaKoTeparuu.

Kimouesbie ciioBa: kopoHaBupycHasi 60e3Hb 2019 (COVID-19), MynTbTUCUCTEMHBIN BOCTIAIUTETbHBIN CHHIPOM

y neteit, 6one3nnr KaBacaku

Jns murupoanns: Kanena M.U., Hukumuna U.I1., ®enopos E.C., Haconos E.JI. KoponaBupychast 6o1e3us 2019
(COVID-19) y nereit: ypoku menuaTpuiecKoit peBmMaronoruu. HayaHo-mpakTudeckass peBMaTONIOTUS

2020;58(5):469—479.
doi: 10.47360/1995-4484-2020-469-479

The 2019 coronavirus disease (COVID-19)
pandemic, which is etiologically related to the
SARS-CoV-2 virus (severe acute respiratory syn-
drome coronavirus-2), has reawakened profes-
sional interest to new clinical and fundamen-
tal problems in the immunopathology of human
diseases in adults [1] and children [2] in gener-
al, and systemic autoimmune rheumatic diseas-
es (SARDs) in particular [3]. In adults, the clinical
presentation of COVID-19 infection varies from
asymptomatic carriage to development of the acute
respiratory distress syndrome (ARDS), microvas-
cular coagulopathy, macro-thrombosis, and mul-
tiple organ failure associated with high mortality
[1]. The first months of the COVID-19 pandemic
produced an impression that this disease is usual-
ly mild and very rarely fatal in children. Available
statistics from Asia, Europe and North America
on COVID-19 prevalence indicates that 2.1—7.8%
out of all confirmed cases can be attributed to
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pediatric practice [2]. However, due to the asymp-
tomatic or mild course of infection, data regarding
the true spread of COVID-19 among children is
still uncertain. In the Russian Federation, children
account for about 7% of reported COVID-19 cas-
es [4]. True causes for COVID-19 uncommonness
in childhood are not fully clear [5,6]. Potential
explanations include low expression of angioten-
sin-converting enzyme (ACE) 2 on the respiratory
epithelial cells which is used by SARS-CoV-2 as
a receptor for invasion, differences in underlying
essential immunological mechanisms, in particu-
lar, enhanced protection of the Th2 immune re-
sponse, synthesis of cross-reacting antibodies to
other coronaviruses, as well as lower prevalence of
comorbidities in children, etc.

The course of COVID-19 infection in chil-
dren can vary from asymptomatic to clinically
manifested severe disease [4], including acute re-
spiratory viral infection, viral pneumonia without
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respiratory failure, pneumonia with acute respiratory failure,
and ARDS. However, recently attention has been drawn to the
specific feature defined as “multisystem inflammatory syndrome
in children” (MIS-C) [2,7,8] (Table 1), or “pediatric inflam-
matory multisystem syndrome” (PIMS) associated with acute
coronavirus infection [9]. To a certain extent, this syndrome re-
sembles some emergencies a pediatric rheumatologist has to face
[2, 10], in particular, Kawasaki disease (KD) with associated se-
vere damage to the cardiovascular system [11, 12] and macro-
phage activation syndrome (MAS) [13].

Epidemiology of MIS-C

About 1,000 cases of MIS-C were registered worldwide
during the first 6 months in 2020 [2]. According to EM Dufort
et al. [14], the incidence of laboratory confirmed SARS-CoV-2
infection was 322 per 100,000 children and adolescents, and in-
cidence of MIS-C was 2 per 100,000. MIS-C cases have been
reported in Europe, South America, Canada, and the United
States, but have not been reported in children in China and other
Asian countries [2]. The documented mean age in children de-
veloping MIS-C was 8—11 years, and the majority of them (more
than 70%) were initially healthy. Obesity and bronchial asthma
were the most common comorbidities. In three published large
series of observations 25—45% of patients were black, 30—40%
were Hispanic, 15—25% were Caucasians, and 3-28% were Asian
[15—17]. There were no significant gender differences.

Clinical manifestations

MIS-C develops 2—4 weeks after infection with SARS-
CoV-2 [15]. Clinical manifestations are characterized by a wide
variety of signs and symptoms [16—22] (Table 2). According
to EM Dufort et al. [14] a third of cases in the United States,
did not meet the diagnosis of MIS-C according to the CDC
(The Centers for Disease Control and Prevention) criteria, be-
cause they did not have a PCR-based laboratory confirmation
of SARS-CoV-2 infection, although all clinical and laboratory
signs were similar to those observed in confirmed SARS-CoV-2
cases.

MIS-C clinical course is divided hypothetically into ini-
tial and fool blown disease based on distinctive clinical features
(Table 3). S Godfred-Cato et al. [23] conducted one of the largest
studies in the United States involving 570 children [23]. Patients’
mean age was 8 years (from 2 weeks to 20 years), 55.4% were
boys; 40.5% were Hispanic, 33.1% were black, and 13.2% were
non-Hispanic white. Obesity as the most common co-morbidi-
ty was documented in 30.5% of Hispanics, 27.5% of blacks, and

6.6% of Caucasians. Abdominal pain (61.9%), vomiting (61.8%),
skin rash (55.3%), diarrhea (53.2%), hypotension (49.5%), and
conjunctival injection (48.4%) were the most common pre-
senting signs and symptoms. The majority of patients had gas-
trointestinal (90.9%) cardiovascular (86.5%), and dermatolog-
ical (70.9%) symptoms. Severe complications, including cardiac
dysfunction (40.6%), shock (35.4%), myocarditis (22.8%), cor-
onary artery dilation or aneurysm (18.6%), and acute kidney in-
jury (18.4%) were documented in a significant number of MIS-C
patients. More than half of these patients (63.9%) were admit-
ted to the intensive care unit due to concern for rapid deterio-
ration. Positive PCR test or antibodies to SARS-CoV-2 (an-
ti-SARS-CoV-2) were found in by far the majority of patients
(99.1%), 46.1% had only anti-SARS-CoV-2, and 25.8% had
only positive PCR tests. Four or more organ systems were affect-
ed in 86% of patients. Three main variants (classes) of MIS-C
were identified based on clinical manifestations. Class 1 included
203 (35.6%) patients with the highest number of involved organ
systems (48.8% were children with 6 or more organ systems in-
volved), including the cardiovascular system (100.0%) and gas-
trointestinal tract (97.5%) pathology. Class 1 patients had high-
er prevalence of abdominal pain, clinical presentation of shock,
myocarditis, and lymphopenia, and significantly increased con-
centrations of C-reactive protein (CRP), ferritin, troponin, and
NT-proBNP (N-terminal brain natriuretic pro-peptide). Anti-
SARS-CoV-2 with or without positive PCR results were detected
in almost all patients of this group (98.0%). These cases fulfilled
the MIS-C criteria. Class 2 included 169 (29.6%) patients with
clinically significant respiratory system involvement (pneumo-
nia and ARDS) in 76.3%, meeting the criteria of COVID-19 or
COVID-19 accompanied with MIS-C. SARS-CoV-2 PCR pos-
itivity only predominated and was established in a significantly
higher (84%) proportion of these patients. This group has the
highest mortality rate (5.3%). Class 3 included 198 (34.7%) pa-
tients with the youngest mean age (6 years) as compared to class
1 (9 years) or class 2 (10 years) patients. The highest incidence
of skin rashes (62.6%) and mucosal lesions (44.9%) were two
specific features in children of this group. Aneurysm and dilata-
tion of the coronary arteries detection rates (18.2%) were higher
than in class 2 patients (15.8%), but lower than in class 1 patients
(21.1%). At the same time, patients from this group were more
likely to meet the criteria for KD (6.6%) compared to patients
of class 1 (4.9%) and class 2 (3.0%), had the lowest incidence of
comorbidities, and were less likely to have such complications as
shock and myocarditis. Anti-SARS-CoV-2 only were detected in
the majority of children (63.1%), while anti-SARS-CoV-2 and
positive PCR were found in 33.8%. These data indicate a signif-
icant heterogeneity of MIS-C, which is suggestive of potential

Table 1. Preliminary criteria of multisystem inflammatory syndrome in children (MIS-C), recommended by WHO [7]*

|. Children and adolescents with febrile fever lasting >3 days

II. At least 2 out of the following features:

1. Signs of dermal and mucosal damage (rash, involvement of oral mucosa, swelling of hands and feet)

or bilateral non-suppurative conjunctivitis

2. Arterial hypotension or shock

3. Signs of myocardial dysfunction, pericarditis, valvulitis, or coronary artery disease (based on Echo-
CG data or elevated troponin/NT-proBNP levels)

4. Laboratory signs of coagulopathy (elevated D-dimer levels, increased PT, PTT)

5. Acute GIT disorders (vomiting, diarrhea, unexplained abdominal pain

IIl. Elevated acute phase reactants (ESR, CRP, procalcitonin)

IV. Exclusion of other obvious causes of inflammation, including bacterial sepsis, staphylococcal or streptococcal shock syndromes

V. Verification of COVID-19: a positive SARS-CoV-2 PCR test, a positive test for antigen or serological tests, or probable contact with COVID-19 infected individuals

Note. *The diagnosis is confirmed when criteria from all 5 categories are present.
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Table 2. Clinical and laboratory features of MIS-C

Clinical signs
Shortness of breath
Arterial hypotension
In some patients:
Confused mental state
Head ache
Vomiting
Syncope
Abdominal pain
Diarrhea
Conjunctivitis
Cough

Dyspnea / laborious breathing

Rash
Lymphadenopathy
Mucosal changes
Cervical stiffness
Sore throat

Swelling of hands and feet

In the majority of patients:

Laboratory signs In all patients:

Decreased fibrinogen levels

Increased CRP
Increased D-dimer
Hyperferritinemia
Hypoalbuminemia
Lymphopenia

Normal or increased neutrophil count
Any other potential cause of these abnormalities should be ruled out

In_ some patients:
Anemia
Coagulopathy

Acute kidney injury
Increased IL-10 levels
Increased IL-6 levels
Proteinuria

Increased creatin kinase levels

Increased LDH levels
Increased troponin
Elevated triglycerides
Elevated transaminases
Thrombocytopenia

Instrumental data

Echo-CG and ECG: Signs of myocarditis, valvulitis, pericardial effusion, dilatation of the coronary arteries.

Thoracic X-ray: Symmetrical inhomogeneous infiltrates, signs of pleurisy.
Abdominal ultrasound: Lymphadenopathy, hepatosplenomegaly, ascites, signs of colitis, ileitis.
Computed tomography: Signs of pleurisy, pulmonary infiltrates, and coronary arteries involvement after con-

trast enhancement.

MIS-C “overdiagnosis” based on “accidental” detection of anti-
SARS-CoV-2 with further spread of COVID-19 pandemic and
increasing number of SARS-CoV-2 infected children.

It is also obvious that the pathology, which is defined as
MIS-C, requires differential diagnosis with diseases and compli-
cations that accompany other infectious, hematological diseases
and SARDs. As for systemic autoimmune rheumatic diseases at-
tention should first be paid to KD, hemophagocytic lympho-
histiocytosis (HLH), bacterial sepsis, infectious toxic shock,
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systemic onset juvenile idiopathic arthritis (sJIA), systemic lu-
pus erythematosus, and systemic vasculitis. Despite some sim-
ilarities in clinical manifestations, the supposed association be-
tween MIS-C and infectious toxic shock was not confirmed,
since blood cultures were negative in the majority of MIS-C pa-
tients. However, significant proportion of MIS-C patients (30—
70%) show clinical and laboratory signs that are typical for toxic
shock, therefore caution is needed not to miss secondary bacte-
rial infection.
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Table 3. Clinical and laboratory characteristics of multisystem inflammatory syndrome in children (MIS-C) stages

Manifestations Rate, %
Initial signs

Persisting fever (average duration of 4-6 days) 100
Gastrointestinal symptoms (vomiting, diarrhea, abdominal pain) 60-100
Rash 45-76
Conjunctivitis 30-81
Mucosal involvement 27-76
CNS involvement 29-58
Respiratory signs (dyspnea, laborious breathing) 21-65
Cervical pain 10-16
Myalgia 8-17
Hands/feet stiffness 9-16
Lymphadenopathy 6-16
Clinical manifestations of full-blown disease

Clinical picture of shock 32-76
Meeting full clinical criteria for complete KD 22-64
Myocarditis (Echo-CG criteria, elevated troponin/BNP) 51-90
Arrythmia 12
Acute respiratory failure 28-52
Acute kidney injury 8-52
Serositis 24-57
Hepatitis/hepatomegaly 5-21
CNS involvement 6-7
Laboratory signs of full-blown disease

Lymphopenia 80-95
Increased neutrophil counts 68-90
Moderate anemia 70
Thrombocytopenia 31-80
Elevated CRP 90-100
Increased ESR 75-80
Increased D-dimer level 67-100
Increased ferritin level 55-76
Increased procalcitonin level 80-95
High IL-6 serum levels 80-100
Low serum albumin 48-95
Elevated transaminases 62-70
Increased LDH level 10-60
Hypertriglyceridemia 70
Instrumental exams findings in full-blown disease

Impaired left ventricular function according to EchoCG 31-58
Coronary arteries dilatation/aneurisms based on US findings 8-38

Pleural effusions, mass lesions, atelectasis, ground glass opacities based on X-ray and MSCT findings

Data not specified

Free liquid, ascites, inflammation of mesenterium and intestinal wall, including terminal ileitis, mesenterial lymphadenopathy

Data not specified

Shared clinical features of KD and MIS-C require special
clinical attention [11, 12, 24]. KD is considered currently as a
systemic vasculitis with predominant involvement of small and
medium-sized arteries with highest prevalence in children under
5 years of age and being the leading cause of cardiac pathology
in pediatric patients in developed countries with low incidence
of group A B-hemolytic Streptococcus infection and acute rheu-
matic fever [25, 26]. In contrast, in most cases, MIS-C devel-
ops in initially healthy older children and adolescents. According
to the American Heart Association criteria [25], the diagnosis
of complete KD includes high grade fever lasting for 5 or more
days and at least four of five main clinical signs (bilateral con-
junctivitis; involvement of oral and lip mucosa manifesting in
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hyperemia, redness of the mouth — “raspberry/strawberry”
tongue or cracked lips; swelling of hand and feet with red and
flaky skin; polymorphic rash; cervical lymphadenopathy). The
incomplete form of KD is characterized by unexplainable fever
(> 5 days) in combination with 2—3 main clinical and laboratory
signs or features of heart damage. KD-like changes were detect-
ed in 22—64% of patients with MIS-C, with echocardiograph-
ic signs of reduced LV function in 58% of them. Increased sig-
nal intensity in T1- and T2-weighted MRI images was indicative
of diffuse myocardial edema. Dilatation of the coronary arter-
ies was found in 8—38% of patients. As shown in recent stud-
ies moderate and transient dilatation of coronary arteries in chil-
dren with MIS-C [27] strongly resembles the patterns observed
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disease (KD)

Editorial/Leading article

Table 5. Comparative characteristics of primary and
secondary HLH and MIS-C criteria

MIS-C KD Criterion Presence in MIS-C
Mean age 9 (5,7-14) 2,7 (1,4-4,7) Primary hemophagocytic lymphohistiocytosis (HLH 2004 y)
Ethnicity African/Hispanic ~ Asian origin (5 out of 8 criteria are required)
origin Fever (>38 °C) +
GIT symptoms (abdominal pain) ~ +++ (49-80%)  Rare Splenomegaly +/-
Signs of kidney injury ++ Very rare 2- or 3-germ lines cytopenia (leukocytes Thrombocytopenia, anemia;
Myocardial dysfunction/myocardi- +++ Very rare <1,0x10%1, Hb <90 g/L or platelets normal leukocyte count is
tis <100x10%/1) often associated with lymph-
ARDS Rare (1.5-10%) Very rare openia
Propensity to developing shock ~ +++ (0-76%)  Rare Elevated triglycerides (>3,0 mmol/L) +
Leukocytes t1 t or low fibrinogen <1,5 g/L
Lymphocytes I Normal Presence of.hemophagocytosis in the bone  No data
Hemoglobin + + or normal marrow als.plrat(?s
Platelets B Tt Hyperferritinemia (>500 pg/L) +
CRP Tt T High levels of soluble CD-25 >2400 U/ml +
Ferritin T t (non-significantly) Decreased NK activity *
- MAS in systemic onset juvenile arthritis
! !
Alburnin or normal (first 2 criteria and 2 out of the following 4 are required)
NT-pro-BNP T t or normal S
T - " " I Fever (>38 °C) +
TORONT: orma Hyperferritinemia (>684 ng/m)
D-dimer T T

in other “febrile” conditions in children, including JIA with sys-
temic onset [28]. However, available preliminary autopsy data do
not confirm the inflammation of coronary arteries in adult pa-
tients with COVID-19 [29,30] and in children with MIS-C [31].

The dilation of the coronary arteries in MIS-C is consid-
ered to be associated primarily with endothelial dysfunction (with-
out morphological changes), induced by “proinflammatory” cy-
tokines. Therefore, the pathology of coronary arteries in MIS-C
is strikingly different from specific coronary pathology in KD,
which is characterized by pronounced dilation and aneurysms,
often leading to myocardial infarction, rupture of the aneurysm
and sudden death [25]. Certain similarities of clinical and labo-
ratory manifestations are immediately obvious when comparing
MIS-C and KD, but specific differences are also there (Table 4).
In this regard the study of L Verdoni et al. [32] which was conduct-
ed in the epicenter of coronavirus infection in Italy and showed
clear differences between MIS-C and KD both in terms of clinical
manifestations and laboratory parameters is of great interest. The
difference in racial and ethnic background in individuals with sim-
ilar clinical picture interpreted as a “KD-like syndrome”, suggests
that MIS-C develops as a consequence of SARS-CoV-2 infection
in a population with a genetic predisposition distinct from that
leading to KD [24, 33, 34]. Hyperproduction of proinflammatory
cytokines in patients with MIS-C can contribute to the develop-
ment of similar clinical and laboratory manifestations in patients
not only with KD, but also with the “cytokine storm” syndrome
(CSS) in COVID-19 [35, 36] and with other SARDs [37, 38] due
to underlying “thromboinflammation” as the key pathogenetic
mechanism of a wide range of infectious and inflammatory dis-
eases [39, 40].

Intermittent fever, heart, liver and kidney damage, cyto-
penia, hyperferritinemia, increased concentrations of C-reactive
protein (CRP), triglycerides, lactate dehydrogenase, and
D-dimer are the clinical and laboratory signs associated with
both — the MIS-C and the CSS. Keeping in mind the similar
pathogenetic background of CSS in both — MIS-C and MAS,
a characteristic complication of sJIA and a very rare phenome-
non in other SARDs, other potential origins of excessive inflam-
mation should be ruled out before confirming MIS-C (Table 5)
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+
Low platelets count <181x10%/ml +
AST elevation > 48 U/I +
Elevated triglycerides > 156 mg/dI +
(>1,75 mmol/L)

Decreased fibrinogen < 360 mg/dl (3,6 g/L)
MAS in systemic lupus erythematosus

(not less than 1 clinical and 2 laboratory criteria are required, bone marrow
biopsy is needed only in questionable cases)

Fever (>38 °C) +

Hepatomegaly (=3 cm from the lower edge  +

of the rib cage)

+

Splenomegaly (>3 cm from the lower edge  +/-
of the rib cage)

Hemorrhagic manifestations In some cases

CNS involvement (excitability, disorientation, Often
drowsiness, headache, convulsions, coma)

2- or 3-germ lines cytopenia (leukocytes
<4,0x10%L, Hb <90 g/L or platelets

Thrombocytopenia, anemia;
often, normal leukocyte count

<150x10%/L) can be associated with
lymphopenia

AST elevation (>40 units/L) +

LDH elevation (>567units/L) +

Hypofibrinogenemia (<1.5 g/L) +

Hypertriglyceridemia (>178 mg/dl) +

Hyperferritinemia (>500 pg/L) +

Presence of hemophagocytosis in the bone  No data
marrow aspirates

[13, 41, 42]. All this taken together suggests that MIS-C, as a
complication of SARS-CoV-2 infection, to a certain extent re-
sembles secondary HLH associated with infectious etiological
factors, primarily with such viral infections as Epstein—Barr vi-
rus, cytomegalovirus, herpes simplex virus, parvovirus B-18, and
HIV [43, 44].

Immunopathological mechanisms

Development of symptoms 2—4 weeks after contracting
SARS-CoV-2 virus, more often in patients with anti-SARS-
CoV-2, indicates that MIS-C is a post-infectious complication,
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Table 6. Preliminary guidelines for the treatment of multisystem inflammatory syndrome in children (MIS-C)

Drug names Recommended dosing regimens

Notes

IVIG When KD criteria are present — 2 g/kg body weight.
When MAS/HLH criteria are present — 1-2 g/kg body weight.

With extreme caution if kidney
function is impaired

Acetylsalicylic
acid after the resolution of fever

When KD criteria are present 30-50 mg/kg/day, and dose de-escalation to 3-5 mg/kg/day in >48 hours

With extreme caution in severe
thrombocytopenia

Glucocorticoids™

Treatment regimen in accordance with the recommendations for KD, when necessary criteria are present.
Treatment regimen in accordance with the recommendations for HLH, when required criteria are present.

With caution in patients having
positive PCR test in view of
simultaneous viral infection

Anakinra*

2-6 mg/kg/day i/v, treatment duration depends on patient’s response and status

Tocilizumab*

12 mg/kg i/v in patients weighing <30 kg, and 8 mg/kg in patients weighing > 30 kg

Note. * Sepsis should be ruled out.

and not a manifestation of acute infection [34]. Meanwhile,
MIS-C pathogenetic mechanisms are far from being clear [2, 33,
45]. It has been established that IgG anti-SARS-CoV-2 can be
detected approximately 2 weeks after contracting SARS-CoV-2
infection, although synthesis of antibodies is not always associ-
ated with recovery. It is noteworthy to mention that high titers
of IgG and IgA antibodies to SARS-CoV-2 S (spike) protein are
detected in children with MIS-C and negative SARS-CoV-2 —
PCR tests [46], moreover these titers in children with MIS-C
are higher than in adults with severe COVID-19 [47]. At the
same time, a decrease in the neutralizing activity of anti-SARS-
CoV-2 in patients with MIS-C is indicative of a defect in pro-
tective antiviral immunity [48]. In contrast to COVID-19 course
in adults [49], the role of specific T-cell immune response to
SARS-CoV-2 that potentially contributes to recovery or progres-
sion of the disease is not clear in children. Available evidence
suggests that SARS-CoV-2 S protein can directly activate T cells.
This potential is associated with “superantigen-like” motif in
S-protein structure which is equivalent to staphylococcal endo-
toxin B [50], and, therefore it can eventually induce hyperpro-
duction of proinflammatory cytokines. Quite remarkable is the
fact that higher concentration of antibodies against the recep-
tor-binding-domain (RBD) of SARS-CoV- 2 S protein is found
in patients with severe MIS-C [51] vs moderately severe disease,
and higher titers usually correlate with more severe inflamma-
tion. The RBD is involved in viral binding to ACE-2 in the cells
expressing this enzyme. Presumably anti-SARS-CoV-2 induce a
proinflammatory phenotype of immune response in MIS-C trig-
gered by antibody-dependent enhancement (ADE) mechanisms
[52], as it had been observed with dengue fever, direct cellular cy-
totoxicity, formation of “pathogenic” immune complexes (IC),
“hyperimmune” activation of macrophages or catalytic antibody
activity (abzyme), modifying ACE-2 performance. Another
study showed that detection of neutralizing anti-SARS-CoV-2 in
MIS-C is associated with excessive production of proinflamma-
tory cytokines such as interleukin (IL) 18, IL16, with increased
chemotaxis of myeloid cells, activation of lymphocytes, mono-
cytes, and natural Kkiller cells, and overexpression of ICAM-1
(intercellular adhesion molecule 1) and Fc-y receptor 1 on sur-
faces of neutrophils and macrophages [53]. Abundant data on
a wide range of autoantibodies that bind to endothelial, inter-
stitial, and immune cells is of particular importance, hypotheti-
cally allowing to consider MIS-C as a kind of virus-induced au-
toimmune disease. Additionally, serum of patients with MIS-C
was found to contain circulating immune complexes consisting
of antibodies to the S-protein and the protein itself which trig-
gered macrophage activation [54]. MJ Carter et al. [55] report-
ed increased serum concentrations of proinflammatory cyto-
kines including IL1p, IL6, ILS8, 1L10, IL17, interferon (IFN)-y,
alongside with T- and B-cell lymphopenia in the acute phase of
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MIS-C, which is very similar to laboratory findings in patients
with severe COVID-19 complicated by CSS [56]. Additionally,
MIS-C cases were associated with increased expression of CD64
(Fc vy receptor involved in the activation of proinflammatory M1
macrophages) on the membrane of neutrophils and monocytes,
and HLA-DR (activation marker) on the membrane of yo T cells
and CD4"CCR7* T-cell. Moreover, recovering patients tended
to gradually normalize the above-mentioned immune disorders.
Another study showed that the range of “hyperinflammation”
biomarkers in patients with MIS-C is distinct from that detect-
ed in adult COVID-19 cases and children with KD, mostly be-
cause of the Th17 type of immune response predominance in
KD [57]. Preliminary data on the features of cytokine hyperpro-
duction profiles in patients with MIS-C, KD, MAS and CSS in
COVID-19 were obtained by other authors [58, 59].

Principles of therapy

The goals of MIS-C treatment include suppression of sys-
temic inflammation and reduction of persistent organ and system
failure risk, but guidelines and recommendation for MIS-C the-
rapy are under development [60—63]. It should be emphasized
that, fortunately, the mortality rates in children with MIS-C are
relatively low (about 6%), which is significantly lower than in
adults with severe COVID-19, especially when complicated by
the CSS. Taking into account the recentness of this challenge,
current preliminary recommendations are based on the results
of open studies [14, 32, 64—73] and the opinion of experts who
extrapolated the experience from management of pathogenet-
ically and clinically similar conditions, primarily KD, MAS,
HLH, and the CSS syndrome in COVID-19 (Table 6). These
recommendations generally envisage administration of intrave-
nous immunoglobulins (IVIG), glucocorticoids (GCs), aspi-
rin, and direct anticoagulants. IVIG with a wide range of im-
munomodulatory, antiviral and antibacterial effects, is not only
the most efficient therapy for KD [74, 75], but also readily used
in severe exacerbations of SARDs, sepsis [76], and COVID-19
[77—79]. It is noteworthy to mention that some IVIG prepa-
rations contain antibodies that cross-react with SARS-CoV-2
[80]. Plasma of recovered COVID-19 patients is believed to pro-
duce positive effect in critically ill not only due to the content
of antiviral neutralizing antibodies, but also due to immuno-
modulatory effects similar to those of IVIG [81]. Rheumatology
has accumulated an immense positive experience with GCs in
management of “critical” SARDs complications [82] relying
on extremely broad spectrum of anti-inflammatory and immu-
nomodulatory effects of these drugs [83, 84]. Potentially GCs
can block synthesis of a wide range of proinflammatory media-
tors (including IL-1a/p, 1L6, IL12, IL17, IFN-y, TNF-a, etc.)
[84], which may have pathogenetic significance in development
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of KD, MIS-C and COVID-19. Results of the RECOVERY
(Randomised Evaluation of COVid-19 thERapY) study demon-
strate a drop in mortality following administration of dexameth-
asone in severe COVID-19 patients [85]. Therapeutic relevance
of biologics, including inhibitors of IL1, IL6 and TNF-a is sub-
stantiated by immune mechanisms underlying MIS-C [45].
According to S Godfred-Kato et al. [23], 80.5% of children with
MIS-C received IVIG, 62.8% — systemic GCs, 58.6% — anti-
platelet agents, 44.2% — anticoagulants, 41.9% — vasoactive
drugs, 22.6% — biologics, and 38.1% of children required oxy-
gen support. Preliminary results suggest IL1 inhibitors to be the
most effective therapy for patients resistant to IVIG and GCs,
as Anakinra proved high efficacy in children with systemic JIA
[86, 87], MAS [88, 89], secondary HLH [90, 91], septic shock
[92], as well as in adults with COVID-19 complicated by CSS
[93—101]. It is hoped that accumulation and integration of the
results from open studies, especially from the pediatric segment
of the RECOVERY study, will allow us to better understand the
mechanism and predictors of disease progression to MIS-C and
find best solutions in terms of effective and safe therapies for pe-
diatric patients.

Conclusion

Currently important data have been obtained supporting
recognition of SARS-CoV-2 role in the pathogenesis of a wide
range of “hyperinflammatory” syndromes not only in adults [35,
36], but also in children. MIS-C presumably can be considered
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