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Abstract

Multisystem inflammatory syndrome in children is a newly described condition temporarily asso-
ciated with severe acute respiratory syndrome coronavirus 2. The primary observations indicated
coronavirus disease 2019 infection in children to be mild. However, recent reports have revealed
a correlation between multisystem inflammatory symptoms and coronavirus infection. The mani-
festation of the disease is similar to Kawasaki disease, toxic shock syndrome and macrophage acti-
vation syndrome. Treatment includes intravenous corticosteroids, immunoglobulin and biological

therapy (anakinra, tocilizumab, infliximab).

In this article we compare world reports of multisystem inflammatory syndrome in children to case
reports of two patients who were hospitalized recently at the Department of Paediatric Cardiology
and Rheumatology. In the course of diagnostics they presented numerous symptoms which required
differentiation from multisystem inflammatory syndrome in children.

Key words: paediatric multisystem inflammatory syndrome, SARS-CoV-2 infection, secondary
haemophagocytic lymphohistiocytosis, macrophage activation syndrome.

Introduction

In late April 2020 when medical professionals from all
over the world were concentrated on fighting coronavirus
disease 2019 (COVID-19) a novel systemic disorder in chil-
dren and adolescents named multisystem inflammatory
syndrome in children (MIS-C)/paediatric inflammatory
multisystem syndrome temporally associated with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection (PIMS-TS) was described for the first time. It was
initially observed by paediatricians in the United Kingdom
(UK). Shortly afterwards, new cases were described in Italy
and the United States of America (USA).

The first studies on the subject compared the symp-
toms ofthe novelsyndrometothose observed in Kawasaki
disease (KD), toxic shock syndrome (TSS), and secondary
haemophagocytic lymphohistiocytosis/macrophage acti-
vation syndrome (SHLH/MAS) [1].

Based on the definition, macrophage activation syn-
drome (MAS) is described as continual activation and
expansion of T lymphocytes and macrophages, which
results in massive hypersecretion of proinflammatory
cytokines leading to an overwhelming inflammatory
reaction.

According to the European League Against Rheuma-
tism, American College of Rheumatology and Paediatric
Rheumatology International Trials Organisation collabo-
rative initiative, MAS can be diagnosed in a febrile patient
who meets the following criteria: ferritin > 685 ng/ml
and any 2 of the following: decrease of platelet count
mostly from thrombocytosis to < 181 x 10%/1; aspartate
aminotransferase > 48 U/l; triglycerides > 156 mg/d|,
fibrinogen < 360 mg/dl. The criteria were established
for patients with known or suspected systemic onset
juvenile idiopathic arthritis (SOJIA) [2] (Fig. 1, Table | and
Table 11).
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Fig. 1. List of symptoms and laboratory results
common and specific to macrophage activation
syndrome and multisystem inflammatory syn-
drome in children.

{ —decreased, T — increased T — highly increased.

ALT — alanine transaminase, AST — aspartate transaminase,

CK — creatine kinase, CK-MB mass — creatine kinase MB isoform,
CRP — C-reactive protein, ESR — erythrocyte sedimentation rate,
GGTP — gamma-glutamyltransferase, INR — international norma-
lized ratio, LDH-lactate dehydrogenase, MAS — macrophage activa-
tion syndrome, MIS-C — multisystem inflammatory syndrome

in children, NT-proBNP — N-terminal prohormone of brain natriure-
tic peptide, Pct — procalcitonin, WBC — white blood cells.

According to the Centers for Disease Control and
Prevention (CDC) MIS-C should be diagnosed in patients
who fulfil the following criteria:

1. An individual aged < 21 years with:

« fever >38.0°C lasting at least 24 h,

« laboratory evidence of inflammation (one or more of
the following: an elevated C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), fibrinogen, pro-
calcitonin (Pct), D-dimer, ferritin, lactate dehydroge-
nase (LDH), or interleukin 6 (IL-6); elevated neutrophils
or reduced lymphocytes; low albumin),

« severe illness requiring hospitalization,

« evidence of involvement of two or more organ systems
(i.e. cardiac, renal, respiratory, haematologic, gastro-
intestinal, dermatologic, neurological).

2. Laboratory confirmation of SARS-CoV-2 infection
(positive SARS-CoV-2 testing by RT-PCR, serology,
or antigen) or COVID-19 exposure within 4 weeks
prior to onset of symptoms.

3. Exclusion of alternative diagnosis [3].

In this article we present the course of the disease
and final diagnosis of two patients who were hospita-
lized recently at the Department of Paediatric Cardiology
and Rheumatology.

Further, we describe the current knowledge about
MIS-C/PIMS-TS, its pathogenesis, clinical symptoms and

Reumatologia 2021; 59/1

treatment, established based on cases reported princi-
pally from Europe and the USA.

Based on current understanding of MAS, the nume-
rous symptoms presented by patients in the course of
diagnostics in this report required differentiation from
MIS-C. We further emphasize the difficulties in distin-
guishing MAS from MIS-C and the importance of gaining
more data about MIS-C.

Material and methods

The objective of this article was to present the clini-
cal problem of differentiation of MIS-C and MAS. We
searched PubMed, ScienceDirect and Google Scholar
databases using the following combinations of words:
multisystem inflammatory syndrome in children (MIS-C),
paediatric inflammatory multisystem syndrome tem-
porally associated with SARS-CoV-2 infection (PIMS-
TS), pathogenesis and clinical symptoms of MIS-C,
macrophage activation syndrome (MAS), secondary
hemophagocytic lymphohistiocytosis (SHLH), Still’s dis-
ease. The language was restricted to English. The discus-
sion was based on the case study and a literature review.

Results
Case 1

A 17-year-old female patient was admitted in June
2020 to our department from the district hospital be-
cause of hectic fever, rash, joint pain, fatigue and ele-
vated inflammatory markers which did not respond to
the empiric antibiotic treatment. Based on the chest
X-ray examination (CXR) she was also diagnosed with
pneumonia. Apart from respiratory allergy (previously
treated with systemic antihistamine drugs) she did not
suffer from any chronic diseases.

On admission to the hospital, laboratory tests re-
vealed significantly elevated CRR ESR, D-dimer, ferritin,
LDH, Pct, leukocytosis with immature form of leuko-
cytes and mild anaemia (Table Ill). The RT-PCR test for
COVID-19 was negative.

During hospitalization the general condition of the
patient was fair. She suffered from hectic fever up to
39.5°C, rash (Fig. 2), cough, peripheral joints, hands and
feet pain, swelling of face, hands and feet, as well as
pharyngitis and enlargement of the cervical lymph nodes.

Several imaging studies were conducted: ultrasound
of the abdomen showed inflammation of gallbladder,
high-resolution computed tomography (HRCT) revealed
fibrous changes in the basal segments of the lungs and
serial echocardiography (ECHO) revealed an increase in
volume of pericardial fluid. Subsequent examination in-
cluded bone marrow biopsy, which excluded lymphopro-
liferative disorder, and skin section of the rash, which
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Table I. List of symptoms and laboratory results common to patient 1, patient 2, macrophage activation syndrome

and multisystem inflammatory syndrome in children

Factor Patient 1 Patient 2 MAS MIS-C
Fever + + + +
Rash + + + +
Arthritis + + + +
Sore throat + + + +
Lymphadenopathy + + + +
Gastrointestinal symptoms - + - +
Cholecystitis + + + +
Respiratory symptoms + - - +
Shock - + + ++
Acute kidney injury - + + +
Cardiac dysfunction - + + +
Swelling of hands and feet + + - +
Desquamation of the skin + + - +
WBC differential Neutrophilia, Neutrophilia, Neutrophilia Neutrophilia,
lymphopenia lymphopenia lymphopenia
Platelets \2 S 03 {
Ferritin ™M ™ ™ ™
Fibrinogen { { J 4, normal, or T
D-dimer ™ ™ 0 0
ALT 0 00 0 Normal, or T
Triglycerides 0 00 0 T
Creatinine Normal ™ Normal or T )
CRP M ™ ) ™
Pct ) ™M Normal or T 0
NT-proBNP NT ) Normal or T 0
Troponin NT ) Normal or T 0
LDH T T T t

NT — not tested, — increased, T1 — highly increased, { — decreased.

ALT — alanine transaminase, CRP — C-reactive protein, LDH — lactate dehydrogenase, MAS — macrophage activation syndrome, MIS-C — multi-

system inflammatory syndrome in children, NT-proBNP — N-terminal prohormone of brain natriuretic peptide, Pct — procalcitonin, WBC — white

blood cells.

excluded systemic vasculitis. On the basis of several se-
rology tests (including a COVID-19 antibody test) there
was no confirmation of infectious cause of the disease.

Based on clinical symptoms (fever lasting > 1 week,
arthritis lasting > 2 weeks, typical rash, lymphadeno-
pathy and sore throat) as well as laboratory results (e.g.
leukocytosis > 10, 000/pl with > 80% polymorphonuclear
cells, abnormal liver function tests and negative test
for rheumatoid factor) [2, 4], the patient was diagnosed
with adult onset Still’s disease (AOSD).

However, some other presented symptoms such
as skin eruption in the area of the face, feet and hands
preceding the swelling of the parts of the body, which

are typical for different rheumatic diseases or fibrous
changes in the basal segments of the lungs, led to the
conclusion that MIS-C should be taken into account.
However, neither the RT-PCR test nor serology confirmed
COVID-19 infection (Table I).

Applied treatment included systemic glucocorticoste-
roids (the patient received a total of 5 pulses of methyl-
prednisolone — 1.0 g/dose) and cyclosporine — 5 mg/kg/
day (under control of drug concentration in the sera) with
short-term partial clinical improvement.

However, in the following days relapse of fever, rash,
adventitious sounds during auscultation of the lungs
and general fatigue was observed. Furthermore, because

Reumatologia 2021; 59/1
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Table I1l. Case 1. Results of selected laboratory tests

Parameter On admission Development Last result before Reference
to the hospital of MAS discharging home normal range

WBC [103/ul] 17.5 22.6 153 3.8-10
Haemoglobin [g/dl] 11 10.4 12 12.1-15.1
Haematocrit [%] 34 31.7 37.1 35-44
Platelets [10°3/ul] 233 140 327 150-400
Fibrinogen [mg/dl] 344.32 308.23 300.12 200-400
Ferritin [ug/l] 12014.52 10363.5 796.66 13-68
D-dimer [ng/ml] > 34836 > 34836 724.32 0-500
CRP [mg/] 255.5 185.7 0.7 0-5
ESR [mm/h] 51 31 13 0-12
Pct [ng/ml] 0.78 1.58 0.05 <05
Triglycerides [mg/dl] 130 156 225 0-200
ALT [U/1] 24 657 27 0-33
AST [U/1] 86 1228 22 0-32
GGTP [U/]] 61 637 119 0-33
LDH [U/1] 820 3417 351 0-250

ALT — alanine transaminase, AST — aspartate transaminase, CRP — C-reactive protein, ESR — erythrocyte sedimentation rate, GGTP — gamma-
-glutamyltransferase, LDH — lactate dehydrogenase, MAS — macrophage activation syndrome, Pct — procalcitonin, WBC — white blood cells.

of reported lower limb pain, swelling of subcutaneous
and muscle tissue as well as fluid in ultrasound imag-
ing, whole body nuclear magnetic resonance (NMR) was
conducted. Inflammation of back fascia, lower and up-
per limbs, little fluid in the pleura and an increased sig-
nal in the thoracic vertebrae were revealed.

Due to subsequent dramatic deterioration of the
clinical condition of the patient, persisting abnormali-
ties in laboratory tests suggesting development of MAS
(Table I1), as well as lack of response to previous treat-
ment, tocilizumab (8 mg/kg intravenous) was applied,
with a good therapeutic effect.

AR

During hospitalization the patient received two
doses of tocilizumab (a humanized anti-IL-6 receptor
antibody) with a two-week break in between. Treatment
with cyclosporine and systemic glucocorticosteroids
was continued. Gradual improvement of clinical state
and laboratory test results was achieved (Table Il1). How-
ever, in the following days desquamation of the epider-
mis of the hands, feet and face was observed (Fig. 3).

The patient was discharged from the hospital on
the 29t day of hospitalization in a good general condi-
tion with the recommendation to continue current the-
rapy under strict rheumatological control.

Fig. 2. Intensified salmon-pink macular rash, covering whole body, accompanied by painful swelling of hands.

Reumatologia 2021; 59/1
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Fig. 3. Intensive desquamation of hands and feet skin which occurred after subacute phase.

In the following weeks of ambulatory observation,
normalization of laboratory tests and health recovery
were found. Apart from intensified hair loss the patient
did not report any complaints.

Case 2

The 13-year-old female patient was admitted in
June 2020 to our department because of fever reaching
38.2°C and rash lasting for 4 days. Moreover, the patient
had suffered from symmetrical swelling of the ankles,
knees and wrist joints for one week prior to other symp-
toms. Additionally, 4 months before admission to the
hospital she was affected with a severe lower respiratory
tract infection.

On admission to the hospital, physical examination
revealed swelling of knee joints and pain of the thyroid
gland on palpation. Laboratory tests revealed elevated
inflammation markers and free thyroxine (FT4), accom-
panied by lower thyroid stimulating hormone (TSH).

According to her past medical history, she was dia-
gnosed with Hashimoto disease 6 months prior to oc-
currence of the current symptoms and was treated
with levothyroxine. On admission to the Emergency
Department, the COVID-19 RT-PCR test was performed
and gave a negative result. The following laboratory
tests revealed significantly elevated C-reactive protein,
ESR, D-dimer, ferritin, LDH, leukocytosis with immature
forms and slightly elevated uric acid, aspartate amino-
transferase (AST) and immunoglobulins in IgM and 1gG
class (Table V).

Furthermore, immunological tests revealed clinically
significant numbers (1 : 640 speckled) of anti-nuclear
antibodies (ANA) and negative antibodies in ANA3 panel
and anti-neutrophil cytoplasmic antibody (ANCA). Anti-
citrullinated protein antibodies (ACPA), rheumatoid fac-
tor (RF) and components C3 and C4 and total CH50 of
the complement system were within the normal range.

Reumatologia 2021; 59/1

Moreover, based on the positive enzyme-linked immu-
nosorbent assay test (ELISA), confirmed in the western
blot test, the patient was diagnosed with Lyme disease.
Since the initial treatment consisted of 3™ generation
cephalosporin, the treatment was continued with a good
clinical effect.

Ultrasound examination of peripheral joints showed
slight inflammation of proximal and distal interpha-
langeal joints of both hands and metacarpophalangeal
joints of fingers II-IV of both hands and the left wrist.
There was no sign of inflammation in the other periphe-
ral joints. The image of ECHO examination did not show
any relevant abnormalities.

In the following days, the patient was in good condi-
tion. She reported slight joint pain, which was not accom-
panied with swelling, rash or fever. However, laboratory
tests revealed persisting elevated markers of inflamma-
tion.

On the 10™ day of hospitalization the patient report-
ed feverand strong pain of peripheral joints. The next day
she suffered from itching of the vulva. Due to suspected
urinary tract infection with a possible fungal co-infec-
tion, intravenous and local antifungal treatments as well
as oral antibiotics were applied. On the following day the
patient was fatigued. She suffered from diarrhoea, rash
on the abdomen and lower limbs, hyperaesthesia, sore
throat, pain and swelling of the vulva.

Laboratory tests revealed an extreme increase in
inflammatory markers, aminotransaminases, uric acid,
LDH, D-dimers, triglycerides, urea, creatinine, prolonged
international normalized ratio (INR), hypoglycaemia and
metabolic acidosis (Table V).

Due to thrombocytopenia as well as possible neuro-
borreliosis, computed tomography of the head was
performed, with no evidence of pathology. However,
abdomen ultrasound showed acute kidney injury, acute
cholecystitis and peritoneal fluid. In the next hours the
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Table IV. Case Il. Results of selected laboratory tests

Parameter On admission Development Last result before Reference
to the hospital of hypotonic shock discharging home normal range
and MAS
WBC [103/ul] 10.4 14.2 24.8 3.8-10.0
Haemoglobin [g/dl] 12 9.6 8.9 12.1-15.1
Haematocrit [%)] 35.7 29.2 26.8 35-44
Platelets [10%/ul] 231 77 280 150-400
Fibrinogen [mg/dl] 405.36 264.38 228.72 200-400
Ferritin [ug/l] 2239.93 > 20 000 5558 13-68
D-dimer [ng/ml] 3937.68 > 34836 1115.23 0-500
CRP [mg/l] 72.4 2933 0.4 0-5
ESR [mm/h] 48 45 35 0-12
Pct [ng/ml] 0.18 67.79 0.08 <05
Triglycerides [mg/dl] 117 279 300 0-200
ALT [U/1] 9 69 432 0-33
AST [U/] 34 380 109 0-32
GGTP [U/1] 1 190 1847 0-33
LDH [u/1] 368 4215 373 0-250
Uric acid [mg/dl] 7.2 15.5 7.2 2.4-5.7
Urea [mg/dl] 32 107 46 16.6-48.5
Creatinine [mg/dl] 0.72 4.84 0.72 0.52-0.79
INR 11 2.07 1.01 0.80-1.20
Glucose [mg/dl] 86 33 115 70-99
CK[U/1] - 591 - 29-168
CK-MB mass [mg/dl] - 3.8 0.5 0-3.1
Troponin | [mg/dl] - 0.62 - <0.028
NT-proBNP [pg/ml] - 4183 541.2 0-125

ALT - alanine transaminase, AST — aspartate transaminase, CK — creatine kinase, CK-MB mass — creatine kinase MB isoform, CRP — C-reactive
protein, ESR — erythrocyte sedimentation rate, GGTP — gamma-glutamyltransferase, INR — international normalized ratio, LDH — lactate
dehydrogenase, MAS — macrophage activation syndrome, NT-proBNP — N-terminal prohormone of brain natriuretic peptide, Pct — procalcito-

nin, WBC — white blood cells.

patient presented multiple organ dysfunction syndrome
with hypotonic shock and disseminated intravascular
coagulation (DIC).

Hospitalization in the intensive care unit was need-
ed. Furthermore, subsequent laboratory tests revealed
an increase of cardiac troponin | (cTnl), N-terminal
prohormone of brain natriuretic peptide (NT-proBNP),
creatine kinase (CK) and creatine kinase MB isoform
(CK-MB mass). Widespread antibiotic and intravenous
antifungal and catecholamine treatments were applied.

Because of suspected MAS developed from connec-
tive tissue disease, after exclusion of lymphoprolifera-
tive disorder, the patient received an infusion of methy!-
prednisolone (initially in a single dose of 1.0 g and then
2 mg/kg/h), cyclosporine (in a dose of 5 mg/kg) and
intravenous immunoglobulins (IVIg), with no clinical

effect. The patient required mechanical ventilation, fur-
ther catecholamine supply and multiple blood transfu-
sion.

Due to her critical condition, the patient received
tocilizumab (8 mg/kg intravenously) with gradual clini-
cal improvement. During hospitalization in the inten-
sive care unit, ulcers as well as microbial and bleeding
blisters on the mouth were noted. Moreover, a massive
desquamation of whole body epidermis was observed,
which could not be related to any previous treatment.
The subsequent diagnostic examinations included lum-
bar puncture which did not reveal the cause of infection.

Therapy by systemic glucocorticosteroids, cyclospo-
rine, tocilizumab infusion (with a two-week break in be-
tween) and wide spectrum antibiotics and antifungals

Reumatologia 2021; 59/1
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was continued with slow clinical and laboratory improve-
ment (Table IV). The patient was finally diagnosed with
MAS, shock syndrome, acute kidney injury and acute
liver failure with the recommendation of further obser-
vation for connective tissue disease. On the 39t day
of hospitalization the patient was discharged home in
fairly good, stable general condition with the recom-
mendation to continue current therapy.

The patient was admitted to the hospital every two
weeks (followed by further observation every month)
for physical and laboratory checks and to receive intra-
venous infusion of tocilizumab. An increase in muscle
strength, wound healing and improvement of kidney
function were achieved. However, the increase of ami-
notransferases and hepatic steatosis in abdomen ultra-
sound has persisted up to the present time.

Discussion

Macrophage activation syndrome is a severe com-
plication of a number of rheumatic diseases which can
lead to multi-organ dysfunction or even death in 8 to
22% of cases [5]. It may develop at any age. In rheu-
matic disorders it is most commonly featured in SOJIA
or AOSD [4]. However, it is also reported in other auto-
immune or autoinflammatory conditions, i.e. adult- and
childhood-onset systemic lupus erythematosus, KD, and
periodic fever syndromes.

Typical clinical manifestations of MAS include per-
sistent fever, altered mental state, lymphadenopathy
and hepatosplenomegaly. The later stages of the dis-
ease lead to haemorrhagic, disseminated intravascular
coagulation (DIC).

In many reports renal involvement has also been de-
scribed. The data indicate a substantially higher risk of
mortality in patients with renal dysfunction [5, 6]. Late
recognition of symptoms and initiation of intensive
treatment may cause hospitalization in an intensive
care unit or even death.

In the first case the patient was diagnosed with
AOSD based on clinical symptoms (fever lasting
> 1 week, arthritis lasting > 2 weeks, typical rash, lym-
phadenopathy and sore throat) as well as laboratory
results (e.g. leukocytosis > 10,000/ul with > 80% poly-
morphonuclear cells, abnormal liver function tests and
a negative test for rheumatoid factor) [7, 8] (Table II).

Some other presented symptoms such as skin erup-
tion in the area of the face, feet and hands preceding
the swelling of the parts of the body, which are typical
for different rheumatic diseases, or fibrous changes in
the basal segments of the lungs led to the conclusion
that MIS-C should be taken into account. However,
neither the RT-PCR test nor serology confirmed COVID-19
infection (Table I).
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The cause of development of MAS in the second case
was ambiguous. The initial diagnosis of Lyme disease
and applied treatment appeared to be correct. The pa-
tient responded with clinical improvement (no reported
fever or rash and reduction of joint pain) to the therapy.

However, a sudden dramatic exacerbation of clinical
condition, and multi-organ failure, revealed by labora-
tory tests, suggested that many other conditions such
as SOJIA, TSS or neuroborreliosis should be taken into
consideration.

Moreover, a few laboratory results ruled out other
potential conditions (e.g. sterile culture of blood and
cerebrospinal fluid). The coexistence of further symp-
toms such as diarrhoea, sore throat, hyperaesthesia,
sudden hypotonic shock and massive desquamation
is not typical for any previously known rheumatic syn-
dromes. Therefore, MIS-C was suggested as the cause of
the observed clinical state (Table I).

Multisystem inflammatory syndrome in children is
a novel syndrome currently associated with SARS-CoV-2
infection. A multisystem inflammatory condition with
some features similar to those of KD, MAS and TSS was
first reported in the UK, Italy and the USA.

The definitions announced by the World Health
Organization (WHO) [9] and the Royal College of Paedia-
trics and Child Health (RCPCH) are similar to CDC,
although RCPCH allows the possibility of a negative
SARS-CoV-2 RT-PCR test and does not refer to serology,
antigen or COVID-19 exposure [10]. Most registries in-
clude only patients with confirmed SARS-CoV-2 infection.

However, some case reports include children with
hyperinflammatory shock with no confirmed evidence
of SARS-CoV-2 [11, 12]. According to the definition,
MIS-C may be diagnosed in patients under the age of 21
[3, 9, 10] in all racial groups. However, a higher propor-
tion of African or Hispanic children is observed [13].
The median age is 12 and it can happen more often in
males [14] (Table 1).

Although RT-PCR and serology did not confirm
COVID-19 infection in our patients, it should be men-
tioned that the patients had RT-PCR only on admission
and in the second case the diagnostic serology was per-
formed after administration of VIg, which could have
affected the test result.

Recent reports associate other new symptoms with
MIS-C. Although they are not specific to one syndrome,
it appears that MIS-C connects manifestation of KD,
MAS and TSS in one disease (Fig. 1, Table I).

Fever for more than 24 hours [3] or 3 days [10]
accompanied with a rash is the primary described pro-
drome, which also applied to our patients’ admission
to the hospital. The observations show that almost all
reported cases have a history of fever [15-18].
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Typically, gastrointestinal presentation such as abdo-
minal pain, nausea, vomiting or diarrhoea is also ob-
served [19, 20]. Subsequent described symptoms are
sore throat, lymphadenopathy and swollen hands and
feet (Case 1) [15]. Manifestations of the respiratory sys-
tem, like those observed in case 1, are common.

A serious complication is cardiac involvement.
The most common manifestations in MIS-C are reduced
LVEF < 55%, pericardial effusion or coronary arteries
dilatation or aneurysm [20]. Likewise, a more severe
spectrum of disease with a tendency to multiorgan
involvement, hypovolaemia and shock which often re-
quires hospitalization in an intensive care unit is more
common in MIS-C [18, 21-23] (Table I1).

According to observations in the USA the majority of
patients diagnosed with MIS-C had symptoms involving
at least four organ systems [24], from which the most
commonly involved were the gastrointestinal, cardiovas-
cular, haematological, mucocutaneous and respiratory
systems.

Pharmacological treatment of MAS consists of paren-
teral administration of high doses of glucocorticoste-
roids, which are slowly decreased over the following
days if the patient responds well. If the improvement is
not satisfactory, additional therapy with cyclosporine is
recommended. Common side effects include hyperten-
sion and renal toxicity. Etoposide, anti-thymocyte globu-
lin (ATG), IVIg, cyclophosphamide, and plasma exchange
are also mentioned as treatment options.

However, because of severe side effects such as se-
vere bone marrow suppression, hepatic and renal im-
pairment (etoposide), increased risk of severe infection
and mortality (ATG) or inconsistent outcomes (IVlIg,
cyclophosphamide, and plasma exchange), they are
not recommended as a first-line therapy for MAS. Bio-
logical therapies for MAS have become commonly used.
Because of the fact that interleukin 1 (IL-1) and IL-6 play
a key role in the pathogenesis of SOJIA, the use of the IL-1
receptor antagonist anakinra has been reported to bene-
fit patients with an MAS-associated SOJIA condition.

However, there are a few reports that anakinra may
also be a trigger for MAS. Subsequent therapies tested
included supply of the anti-IL-1B monoclonal antibody
canakinumab. However, according to case reports, the
development of MAS in SOJIA patients treated with
canakinumab was not statistically significantly different
from that in placebo-treated patients. Administration of
the anti-IL-6 receptor monoclonal antibody tocilizumab
had promising results, but the data on the treatment of
an MAS-associated SOJIA condition are limited [25-27]
(Table 11).

Because SARS-CoV-2 is not usually detected in pa-
tients with MIS-C, the recent reports suggest that it is

the acquired immune response, rather than increased
viral replication, that leads to the antibody-dependent
enhancement of inflammation. Although the patholo-
gy of MIS-C is still not defined, it is highly possible that
the antibodies to SARS-CoV produced after previous
SARS-CoV-2 infection cause the formation of immune
complexes or direct anti-tissue antibody activation or
cellular activation, which leads to triggering the host
inflammatory response [13].

Based on previous observations of the clinical course
of MIS-C [28-30], as well as a satisfactory treatment
trial of COVID-19 infection with immunomodulatory
drugs [28-30], it is believed that children diagnosed with
MIS-C should respond well to aggressive immunomodu-
latory and anti-inflammatory therapies.

Although there have not been enough studies com-
paring the clinical efficacy of various treatment options
in MIS-C, the treatment has consisted primarily of
supportive care and directed therapy against the un-
derlying inflammatory process. The use of glucocorti-
costeroids, IVIg, cyclosporine as well as anakinra and
tocilizumab has proven to be successful [1, 15, 23, 31].
In some clinical states (e.g. low platelet, coronary artery
aneurysms) therapy should be supported with low-dose
aspirin [32, 33] (Table ).

In the presented cases intravenous glucocorticoste-
roids, cyclosporine and IVIg were implemented based on
the previous reports. However, the clinical effect was not
satisfactory and it was decided that addition of biologi-
cal treatment (tocilizumab) was necessary.

Conclusions

Multisystem inflammatory syndrome in children is
a new disease associated with SARS-CoV-2 infection
which is similar to MAS in clinical presentation, labora-
tory test results and applied treatment. An increasing
number of reported cases from around the world pro-
vide characterization of typical symptoms.

However, many aspects such as diagnostic criteria,
treatment or pathogenesis are yet to be determined.
Although RT-PCR and serology in both presented cases
did not confirm COVID-19 infection, the clinical coursesin
both situations were not typical for any known diseases
or systemic symptoms, suggesting that MIS-C could be
diagnosed.

Further research on pathogenesis and detailed dia-
gnostic criteria for MIS-C are needed. It seems to be a new
diagnostic and therapeutic challenge in the COVID-19
pandemic period.
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