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COVID-19 infection usually occurs in children in a mild form, but some of them in a delayed period (one or several
weeks after acute infection with COVID-19) may develop a severe inflammatory disease with clinical manifestations
similar to toxic shock syndrome (Kawasaki disease), classified as multisystem inflammatory syndrome in children (MISC).
It is possible that the syndrome has only a temporary connection with the COVID-19 infection. In the future,
new associations of such clinical manifestations with other infectious (or non-infectious) diseases may appear.
But currently, all children in the described cohorts with MISC have an association with COVID-19 infection.
It is believed that the syndrome is initiated by an excessive adaptive immune response with the formation of
autoantibodies. Treatment is based on anti-inflammatory, including steroid therapy, the possible use of intrave-
nous immunoglobulin, aspirin, interleukin 1 and 6 receptor antagonists. The article analyzes current views on
Kawasaki-multisystem inflammatory syndrome in children in the delayed period of COVID-19 coronavirus infec-
tion in the aspects of diagnosis, pathogenesis, clinical manifestations (with a discussion of foreign and Russian
studies) and approaches to therapy and possible prevention, including the possibility of using plasmapheresis in
complex therapy.
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KopoHaBupycHaa nHbekuma COVID-19 obbiyHO mpoTekaeT y AeTel B nerkov dopme, HO y HEKOTOPbIX M3 HUX B OTCPO-
YEeHHOM nepuopae (Yepe3 04HY MAM HECKONIbKO Hepenb nocne octpoi nHdekunn COVID-19) moxeT pasBmMBaTbCa Taxenoe
BOCNanuTenbHoe 3aboneBaHue, UMeLEee KAUMHUYECKME NPOSBIEHUS, CXOXMUE CO C/IU3UCTO-KOXKHBIM TUMPOHOAYNAPHbBIM
cuHppoMoM (6onesHblo Kaacaku), knaccubuumpyemoe Kak MYNbTUCUCTEMHbIA BOCNANUTENbHBIA CUHAPOM Yy AeTen.
B0o3MOXHO, CMHAPOM MMeeT TONbKO BpeMeHHyt CBsi3b € MHdekuuneirn COVID-19. B 6yayliemM MOryT nosiBUTbCS HOBble ac-
coumaummn nofobHbIX KNMHUYECKMX MPOSIBNEHUI C APYrMMU UHDEKLUMOHHBIMU (MM HEMHDEKLMOHHbIMU) 3ab0NeBaHUSIMMU.
Ho B HacToswWwee BpeMs y BCcex AeTel B ONMUCbIBAEMbIX KOrOpTaX C MyJbTUCMCTEMHbBIM BOCNANUTENbHBIM CMHAPOMOM UMeEeT-
cs cBsA3b ¢ UHDekumnen COVID-19. CuntaeTcs, 4TO CMHAPOM MHULUUPYETCS Ype3MEePHbIM afAaNTUBHBIM UMMYHHbIM OTBETOM
¢ GopMupoBaHMEM ayToaHTUTeN. JleyeHne OCHOBAHO Ha MPOTMBOBOCMANUTENbHOW, B TOM 4YMC/e CTEPOUAHON Tepanuw,
BO3MOXHOM NPUMEHEHUU BHYTPUBEHHOTO UMMYHOrN0BYANHA, aCNUMPUHA, aHTAarOHUCTOB PeLenToOpoB UHTepenkuHOB 1 1 6.
B cTtatbe faH aHanu3 CcOBpeMeHHbIX B3rnsfoB Ha KaBacaku-nopo6HbIA MYNAbTUCMCTEMHbLIA BOCMANUTENbHbLIA CUHAPOM
y AeTel B OTCPOYEHHOM nepuoae KopoHaBupycHoi nHpekumn COVID-19 B acnekTax AnarHo3a, natoreHesa, KAMHUYECKUX
nposiBNeHunit (c obcyxaeHnem 3apybexHbIX U POCCUINCKMUX UCCNeAO0BaHMI) U MOAXOAOB K Tepanuu u BO3IMOXHOMW npodu-
NAKTWKe, B TOM YMC/e K BO3MOXHOCTM NPUMEHEHUS B KOMMJEKCHOW Tepanuu nnasmadepesa.

KnwoueBble cnoBa: getn; COVID-19; nocTkoBMAHbIN CMHAPOM; Bone3Hb KaBacaku; MynbTMCUMCTEMHbIA BOCNANUTENbHbIN
CUHAPOM; Nna3Madepes; naToreHes; AMArHOCTUKA; NeYeHue.

The COVID-19 pandemic has affected more In the course of infection, they developed severe

than 100 million people worldwide, and more than
2 million of them have died. Since the beginning
of the pandemic, it has been noted that children
have a milder form of disease and better progno-
sis compared to adults [1, 18, 45]. The respiratory
tract is the main target of COVID-19. It causes se-
vere acute respiratory syndrome as well as damages
the cardiovascular system, which is described as
the most serious and life-threatening complication
of this infection [18, 45].

Although it was initially reported that children
have a mild form of COVID-19, by the summer
of 2020, information regarding the severe course
of this infection and its consequences in certain
groups of children was published [27, 29, 39].

inflammatory disease with manifestations such as
toxic shock syndrome or Kawasaki disease (KD)
[29, 44, 53]. By mid-2020, more than 650 cases
of monitoring pediatric patients with the abovemen-
tioned delayed symptoms after an acute phase of
COVID-19 infection were published mainly in the
European countries that were the most affected by
the pandemic (England, Italy, France) as well as in
the USA. By the end of 2020, a series of papers
describing the frequency and nature of this disease
course was published in the Russian Federation
[2-4]. The prerequisites for the onset and severe
course of this condition in children started to be
registered. Despite the severity of the manifesta-
tions, mortality in the pediatric population remained
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remarkable, but not high (approximately 1%).
Unfavorable prognostic factors of the severe form
of disease (requiring intensive therapy), which were
noted in most of the publications, include age of
>5 years and ferritinemia >1400 ug/L [39].

Patients with fever; systemic inflammation; and
increased fatigue, pallor, shortness of breath, unsta-
ble blood pressure, hepatomegaly, and signs of gas-
trointestinal lesions (diarrhea, intestinal obstruction)
must be treated with caution as these manifestations
indicate the unfavorable course of the Kawasaki-like
multisystem inflammatory syndrome in the delayed
period after an acute phase of COVID-19. Increased
serum ferritin and pro-brain natriuretic peptide le-
vels, increased D-dimer levels in addition to hypo-
albuminemia, thrombocytopenia, neutrophilic leuko-
cytosis, lymphopenia, and a substantial increase in
the markers of acute inflammation correspond to a
cytokine storm [10, 27].

In some cases, this condition was so similar to
the clinical manifestations of KD that differential
diagnosis becomes highly complicated. Immediately,
classification problems (whether to diagnose KD
in the presence of its complete symptom complex
in a child) as well as associated treatment prob-
lems arose, since KD therapy is regulated rather
well.

KD causes systemic vasculitis with a polyclonal
activation of B-lymphocytes and the production of
autoantibodies to the cytoplasm of neutrophils and
vascular endothelium. This disease (synonyms:
mucocutaneous lymph node syndrome; nodule-like
arteritis) was first described in Japan in 1967 and
then in other countries. It represents an autoimmune,
febrile, acute inflammatory disease that primarily
affects young children. The disease leads to a state
of immunodeficiency and inability of the immune
system to counteract inflammatory pathogens. Clini-
cal manifestations include fever, rash, mucosal le-
sions, conjunctival injection, pharyngeal erythema,
adenopathy, and myocardial damage [5]. KD may
cause macrophage activation syndrome, which is a
condition wherein uncontrolled activation and pro-
liferation of macrophages and other cell types occur
and that may result in the dysfunction of various
organs and systems [30]. The presence of seasonal
waves of the disease, epidemiological clustering, and
a very low risk of relapse suggests that infectious
agents may be the main trigger for KD, although
specific factors remain to be identified. There have
been attempts to identify a specific microorgan-
ism, but they have not been successful yet [27].
The genetic characteristics of the host organism are
probably involved in the pathophysiology of KD,

which is confirmed by the excessive activation of
the patient’s innate immunity [12, 36].

During the period of COVID-19, viral infection
was seen to aggravate the condition of patients with
KD, but it was noted that children with COVID-19
were likely to develop a clinical condition like KD
[43, 46, 47]. This course of COVID-19 infection is
described in the literature as Kawa-COVID-19 [39],
and this term is used to denote a systemic in-
flammatory disease associated with proven or
highly suspected COVID-19 infection. These pub-
lished data have led to an establishment of a new
unique syndrome called multisystem inflammato-
ry syndrome in children (MIS-C), which usually
occurs several weeks after an acute infection of
COVID-19 [6, 7], most often after 4—6 weeks [21].
The question of whether or not this syndrome in
children will remain associated only with COVID-19
infection is not likely to be resolved in the future
because new associations of this syndrome with
other infectious (or noninfectious) diseases will
appear. However, at present, most researchers are
of the opinion that it is the COVID-19 infection
that causes clinical manifestations similar to those
of this syndrome in children and adolescents in
its delayed period. The pathogenesis of this syn-
drome is clearly illustrated in Fig. 1. In pediat-
ric patients, the early infection (phase I) period
of COVID-19 may be asymptomatic or with mild
symptoms. The pulmonary phase (phase II) is most
severe in adults but mild or absent in many children.
The early phase appears to trigger macrophage ac-
tivation followed by helper T cell stimulation. This
leads to the activation of inflammatory mediators
(tumor necrosis factor, interleukins-12, -6, -1-beta,
-23, -4), which promote the release of cytokines;
stimulation of macrophages, neutrophils, and mono-
cytes; and activation of B-cells and plasma cells
that produce antibodies, leading to a hyperimmune
response of the body in stage III. MIS occurs in
the presence of a genetic predisposition. Clinical
manifestations include pulmonary edema with at-
electasis, meningeal manifestations, serous inflam-
mation, heart ventricle dysfunction, and coronary
aneurysm development as well as shock, acute re-
nal failure, mesenteric lymph node inflammation,
colitis, ileitis, ascites, skin changes, and gallbladder
edema.

As a rule, the presence of a high titer of anti-
bodies against COVID-19 is a characteristic fea-
ture of MIS-C. Moreover, the neutralizing ability of
these antibodies, according to some authors, is not
altered compared to the patients with COVID-19
without MIS-C [17], and according to others, it is
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reduced due to their less specificity [57]. An in-
crease in the concentration of inflammatory mark-
ers and the occurrence of a cytokine storm with a
development of hypotension and shock (registered
in 20%-100% of the patients) because of an acute
myocardial dysfunction or a reaction of the sys-
temic hyperinflammation and vasodilation are also
characteristic features of MIS-C [51]. Dilatation of
the coronary arteries and/or formation of aneurysms
were described by some of the authors in 6%—24%
of patients, and the occurrence of arrhythmias was
registered in 7%—-60% of cases [51]. The severity
of lesions in the small blood vessels progressively
worsens, suggesting that COVID-19-induced endo-
theliosis represents small vessel vasculitis that does
not affect the main coronary arteries. The result-
ing inflammatory neuropathy of epicardial nerves
in COVID-19 suggests a similar pathogenesis of
vascular and nerve damage in this disease [32].
In the description of an autopsy wherein histological
examination of a child who died due to MIS-C in
the presence of COVID-19 infection was performed,
it was noted that not only small but also medium-
sized blood vessels are involved in the process [3].
It could be assumed that the severity of the course
of this syndrome increases as bloods vessels with
larger diameters are involved in the pathological
process.

The fact that the survivors of Kawa-COVID-19
may be at a risk of developing permanent residual
myocardial damage is particularly unfavorable, as
incomplete recovery is considered to be the result
of persistent inflammation of the heart muscle due
to a virus-induced autoimmune response, which may
extend far beyond the time frame of the disease,
having a protracted course [48].

Unlike classic KD, which affects young chil-
dren, systemic inflammation after COVID-19 in-
fection is more often seen in older children and
adolescents. A second interesting aspect is the fact
that patients with severe MIS-C associated with
COVID-19 are less likely to be Caucasians than the
expected occurrence of Caucasians in the general
population. A significant majority of patients with
a severe course of the syndrome in the USA are
African Americans and people of Latin American
or Afro-Caribbean descent (in total, they make up
84% of patients with MIS-C) [23]. A second such
noteworthy fact is that no case of MIS-C associated
with COVID-19 have been reported in Korea and
Japan, although these populations have the high-
est incidence of KD, and the COVID-19 pandemic
has been registered in these regions; therefore, a
genetic predisposition to the severe forms of the

disease is possible [37]. A minor prevalence of af-
fected males is also reported (up to 60%—66%).
The question of the nature of heart damage seen in
patients with MIS-C associated with COVID-19 is
still under debate as some authors point out the de-
velopment of isolated myocarditis without coronari-
tis and the formation of aneurysms [37], whereas
others note the presence of coronaritis [51], which
is consistent with Russian studies describing cohorts
of pediatric patients with MIS-C associated with
COVID-19 (n = 32) in whom signs of coronaritis and
formation of aneurysms were noted (up to 16% of
children) [2].

It is worth noting that the evidence of the onset
of late inflammatory complications in the heart after
COVID-19 infection in adult patients is also avail-
able. Among them, 58% of patients had abnormal
computed tomography results (e.g., the presence of
myocardial edema); impaired release of gadolinium;
and decreased functional parameters of the myocar-
dium, such as decreased ejection fraction, cardiac
index, and systolic output index [19]. In addition,
it is noteworthy that adult patients often have gas-
trointestinal symptoms that are also common in chil-
dren, and in the pediatric population, the complete
clinical presentation of KD can be described [50].

Magnetic resonance imaging of the heart in
pediatric patients demonstrates diffuse myocardial
edema without the signs of replacing fibrosis or fo-
cal necrosis of the heart muscle. Acute myocarditis
occurs less than 1 week after the onset of fever and
gastrointestinal symptoms. These data support the
indication of postinfectious myocarditis in children
and adolescents with COVID-19 [8].

With respect to the clinical presentation, all pe-
diatric patients with Kawa-COVID-19 presented
with fever or chills, 97% of them had tachycardia,
80% had symptoms of gastrointestinal tract dam-
age, 60% had a rash, 56% had signs of conjunc-
tivitis, and 27% had mucosal changes. Increased
levels of C-reactive protein, D-dimer, and troponin
were found in 100%, 91%, and 71% of the patients,
respectively. Furthermore, 62% of the patients re-
ceived vasopressor therapy, 53% of the patients
had signs of myocarditis, and 80% of the patients
were hospitalized in the intensive care unit [11].
All patients examined had an increase in cardiac
inflammatory markers (C-reactive protein, ferritin,
troponin I, creatine kinase, and pro-brain natriuretic
peptide). Transient heart valve failure was regis-
tered in 67% of the patients. Left ventricular ejec-
tion fraction was reduced in 80% of the patients,
and fractional shortening was noted in 53% of the
cases. Coronary artery abnormalities were revealed
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in 93% of the children. Pathological changes on
the electrocardiogram were detected in 60% of the
patients [42]. All children received an inotropic
support (adrenaline, milrinone, dobutamine, norepi-
nephrine, etc.) [14, 16, 58]. Similar findings were
demonstrated in a cohort study of 16 pediatric pa-
tients in France [39].

In most cases, MIS-C developed 2—4 or 2—6 weeks
after the acute phase of COVID-19 [9, 15, 21].
This new postviral systemic inflammatory disease
supposedly arises from an excessive adaptive im-
mune response of the body [26]. In this regard,
the researchers call for alertness of the clinicians
regarding the cytokine release syndrome associated
with the COVID-19 [56]. The revealed relationship
between MIS-C and COVID-19 infection suggests
that the pathogenesis of MIS-C proceeds accord-
ing to the postinfectious immune dysregulation
type [37].

Children become infected with COVID-19 as
often as adults, but in them, the disease is mostly
asymptomatic or has a milder course, possibly due
to the peculiarities of the immune response of the
child’s body [39, 45]. Although children are mostly
spared from severe respiratory injury (at least it
occurs much less frequently in children than in
adults), they may develop MIS-C associated with
COVID-19, with a disease course similar to that
of KD [20]. The inflammatory response in MIS-
C differs from the classic cytokine storm observed
in severe acute COVID-19 cases primarily in the
fact that, unlike it, it affects the respiratory tract
much less frequently. Having common signs with
KD, it is distinguished at the same time by pecu-
liarities of the response of T cell subpopulations,
interleukins, and biomarkers associated with vascu-
lar damage. The formation of autoantibodies plays
a significant role in the pathogenesis of MIS-C [9]
(Fig. 1).

In terms of treatment, most publications report
the use of steroids only in patients with severe clini-
cal manifestations of the disease or lack of response
to primary intravenous administration of immuno-
globulin, and only in a small number of studies, ste-
roids were prescribed to all the patients (14%) [13].
In the treatment of children with Kawa-COVID-19,
high doses of intravenous immunoglobulin (2 g per
kg of the body weight) are used. A repeated course
of intravenous immunoglobulin is possible. Most re-
searchers agree that glucocorticosteroids and intra-
venous immunoglobulin are the first line of therapy
for MIS-C associated with COVID-19 infection in
children. In some cases, for respiratory distress,
an interleukin-1 receptor antagonist (anakinra) [39]

could be used, which is also used in KD [25],
and in severe cases, the use of an interleukin-6 re-
ceptor antagonist (tocilizumab) has been reported
[4, 39]. The use of aspirin in the treatment of chil-
dren with MIS-C associated with COVID-19 infec-
tion, which is widely used by patients with KD, is
rarely described in the literature; however, the fact
that it has a quick positive effect in some cases
[39, 50] may be a basis for further research in this
direction in both pediatric and adult populations.

In patients with true KD, especially if treatment
with steroids and immunoglobulin is ineffective,
plasmapheresis could be used [28, 38]. Moreover,
in some cases wherein large doses of immunoglobu-
lins are administered (such doses are used in the
treatment of MIS-C), there are risks of acute he-
molysis [31].

Currently, plasmapheresis is a widely recog-
nized method for the treatment of diseases such
as myasthenia gravis, Guillain—Barre syndrome,
and thrombotic microangiopathy. It is also actively
used in patients with kidney disease. Pathological
factors that could be eliminated by plasmapheresis
include autoantibodies, complement products, lipo-
proteins, immune complexes, cryoglobulin, myelo-
ma protein, protein-bound toxins, cell platelets, and
leukocytes [22].

A similar treatment approach could be used in
MIS-C cases, especially given the significant mani-
festations of endotoxemia accompanying the severe
course of COVID-19, which may require the use of
extracorporeal detoxification methods, mainly plas-
mapheresis [52, 54]. On the other hand, the autoim-
mune nature of MIS-C also creates a pathogenetic
basis for the use of plasmapheresis to eliminate
the antibodies and other large molecular toxic me-
tabolites that cannot be removed by the kidneys
[24, 35, 54]. Using extracorporeal detoxification
during the acute course of COVID-19 infection in
severely predisposed patients even before the de-
velopment of MIS-C or at the very beginning of
the syndrome manifestation, one could possibly pre-
vent the critical conditions and long-term complica-
tions associated with the disease [33, 40, 49, 55].
This method of treatment, which could be used in
an outpatient basis, can also be used in patients
with MIS-C associated with a previous infection
with COVID-19. The author’s photo clearly demon-
strates the ease and accessibility of plasmapheresis
performed for two siblings with MIS associated
with COVID-19 during an outpatient visit to the
gravitational blood surgery department of the First
Pavlov Saint Petersburg State Medical University

(Fig. 2).
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Fig. 1. Pathogenesis of multisystem inflammatory syndrome in children [9]. ACE2 - receptors for angiotensin-converting

enzyme 2; TNF-B - tumor necrosis factor §§; IL - interleukins

Puc. 1. MaToreHes MyNLTUCUCTEMHOTO BOCMANMTENBHOTO cMHAPOMA Yy aeTei [9]. ACE2 — peLenTopbl aHIMOTEH3MHNPEBPALLAIOLLEro

¢epmenTa 2; TNF-B — dakTop Hekposza onyxonu B; IL — MHTepneiikuHbI

—

Fig. 2. Outpatient plasmapheresis procedure for children with multisystem inflammatory syndrome

Puc. 2. MposeaeHue amGynaTopHoi npoueaypbl nnasmadepesa AETAM C MyNbTUCUCTEMHBIM BOCMANMUTENbHBIM CUHAPOMOM

@ llegmarp. 2021.T. 12. Boin. 4 / Pediatrician (St. Petersburg). 2021;12(4)

ISSN 2079-7850



REVIEWS /0b30PbI

51

In conclusion, it could be noted that although
children usually present a mild form of COVID-19,
some of them, in the delayed period (several weeks
after an acute infection of the COVID-19), may de-
velop severe inflammatory disease that has clinical
manifestations similar to the toxic shock syndrome,
KD, currently classified as MIS-C. The syndrome
could only have a temporary relationship with
COVID-19 infection. In the future, new associa-
tions of similar clinical manifestations with the
other infectious (or noninfectious) diseases may
appear. But at present, most children in the de-
scribed cohorts with MIS-C are associated with
COVID-19 infection [39, 51]. However, despite
the revealed prominent similarities between MIS-C
and KD, these diseases are different. Active at-
tempts are being made to further differentiate them
clinically as well as serologically, although based
on the materials used in the review of the publi-
cations, it cannot be said that these attempts are
completely successful. The similarity of the two
diseases has prompted attempts to use the full
range of the drugs used in the counteraction against
KD in the treatment of children and adults with
MIS-C.

It is believed that an excessive adaptive immune
response with the formation of autoantibodies un-
derlies the pathogenesis of MIS-C [41]. Treatment
is based on the use of anti-inflammatory therapy,
including glucocorticosteroid and aspirin adminis-
trations; prescription of high doses of intravenous
immunoglobulin; and possible use of interleukin-1
and -6 receptor antagonists; however, endotoxicosis
and the autoimmune nature of the disease create
a pathogenetic prerequisite for the possible use of
plasmapheresis in a complex therapy, which was
proven to be beneficial according to the publications
analyzed in the review [34].
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