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Abstract:

Infection with SARS-CoV-2 virus is a serious challenge for the entire medical and scientific community.
Medical institutions are facing record numbers of patients and conflicting claims about SARS-CoV-2 and
due to its mutagenic properties, thanks to the D614G protein from Coronavirus (CoV) defining the determines
the mutagenicity of SARS - CoV and MERS-CoV [1,2]. With the expansion of the COVID-19 Pandemic,
researchers have reported [3] clinical cases of multisystemic inflammatory syndrome in children (MIS-C),
similar to Kawasaki disease (KD). Due to the absence of a diagnostic marker for KD, the latter is established
according to the criteria of the American Society of Cardiology, in this situation with associated SARS-CoV-
2 infection. We deem it appropriate to report five clinical cases of KD that met the criteria for defining an

MIS-C case as defined by WHO.
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Introduction

Case reports are valuable resources, essential prerequisites for developing
critical thinking based on medical experience. Although the first
published studies reported a relatively mild benign course of SARS-CoV-
2 infection in children, a new presentation of Covid-19 appears in the
pediatric population in late April / early May 2020, as childhood MIS-C
is temporarily associated with SARS-CoV-2 infection, which has
characteristics similar to those of other inflammatory conditions in
children, such as KD, staphylococcal and streptococcal toxic shock
syndrome, bacterial sepsis, macrophage activation syndrome. It can also
manifest itself with excessively high levels of inflammatory markers and
abdominal syndrome, which can mimic appendicitis or typhoid fever [4].

It is known that medical studies have identified about 30 different types
of vasculitis, the triggering mechanism of which is endothelins generated
by genetic [5,6] and immunocompromising (IC) CHAOS -
[Clardiovascular Compromise: shock; [H]omeostasis; [A]poptosis;
[O]rgan Dysfunction; [S]uppression of the Immune System with the
development of SIRS (Systemic inflammatory response syndrome) [7,8],
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Multiple Organ Dysfunction Syndrome (MODS), HELLP-syndrome
[H](Hemolysis) [EL](Elevated liver enzymes) [LP](Low platelet count)]
[9-11]. KD is one of the most common acute systemic vasculitides in
children, affecting medium-sized arteries, especially coronary arteries;
the clinical picture describes an acute onset with high fever, generalized
polymorphous exanthema, palmar-plantar erythema, symmetric
nonsuppurative conjunctivitis, usually unilateral cervical
lymphadenopathy, which lasts about 12 days, and enanthem of the
mucous membrane with redness and chapped lips [12].

The etiology, immunology, and pathophysiology of KD are poorly
understood, although elements of the immune system play a key role [13].
KD, in both its typical and atypical manifestations, has been described as
associated with infectious agents such as Streptococcus pyogenes,
Staphylococcus aureus, and Yersinia pseudotuberculosis, as well as with
viral infections such as adenoviruses, enteroviruses, Epstein-Barr virus
(EBV), and non - SARS-CoV-2 [14,15], and approximately 2% of
children may develop macrophage activation syndrome [16].

Page 1 of 6



Biomedical Research and Clinical Reviews

Scientists have concluded that KD is the leading cause of coronary heart
disease in the pediatric population. The most alarming complication of
KD is aneurysmal dilatation of the coronary arteries, which can be
detected by echocardiography starting from the 2nd week of the recovery
stage [13]. Recently, several scientific journals have published a series of
KB cases associated with SARS-CoV-2 infection, among which the cases
are reported in the Republic of Moldova [3], Great Britain, Italy, France,
USA, Turkey [17-22].

Purpose of the study. To provide an overview of the main
features of Kawasaki disease and to promote the early recognition,
diagnosis, and treatment of KD in our country.

Materials and methods

This is a single-center, prospective observational study. This case series
report describes five pediatric patients with MIS-C who were hospitalized
between April 22 and October 9, 2020, at the Institute of Mother and
Child of the Republic of Moldova. Variables analyzed included
anamnestic  data, demographic information, general clinical
manifestations, epidemiological data confirming susceptibility to SARS-
CoV-2 infection, laboratory and imaging studies, and the evolution of the
disease by the applied therapeutic tactics.

The MIS-C patients enrolled in the study met the recently revised WHO
definition of children and adolescents 0 to 19 years of age with fever > 3
days, plus 2 of the following: a) Rash or bilateral nonsuppurative
conjunctivitis or signs of mucosal inflammation. (oral, hands, feet); b)
Hypotension or shock; c¢) characteristics of myocardial dysfunction,
pericarditis, valvulitis, or coronary artery abnormalities, including
imaging data (echocardiography) and laboratory tests (elevated troponin
and/or NT-proBNP levels); d) Evidence of coagulopathy (eg, increased
prothrombin time / INR, time of partially activated thromboplastin, D-
dimer levels); e) acute gastrointestinal symptoms (vomiting, diarrhea) or
abdominal pain; and Elevated markers of inflammation, such as
Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) , or
procalcitonin, and absence of other obvious microbial causes of
inflammation, including bacterial sepsis, staphylococcal or streptococcal
shock syndrome, and Proof of COVID-19 Reverse transcription
polymerase chain reaction (RT-PCR), positive serological tests, or
possible contact with patients who test positive for COVID-19.

KD was defined according to the criteria of the American Society of
Cardiology, including both classic types (fever > five days plus four or
more of the following clinical criteria: non-exudative bulbar
conjunctivitis, lip or oral mucosa changes, non-purulent late cervical
lymphadenopathy, erythematous polymorphic skin rash, erythema of the
palms or soles, hard induration of the hands or feet, or both for complete
disease and fever for > five days plus 2 or 3 clinical criteria mentioned for
incomplete type).
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Results

The five patients with a diagnosis of MIS-C similar to KD ranged from 8
months to 10 years of age. When considering the gender distribution, the
prevalence of women (80%) over men (20%) was noted.

All patients included in the study had at least one evidence of SARS-CoV-
2 infection, 2 (40%) of whom tested positive by RT-PCR in a
nasopharyngeal swab. In contrast, the remaining 3 (60%) showed positive
serological data for anti-SARS-CoV-2 IgG and IgM. Patients 3 and 5,
along with serologic evidence of SARS-CoV-2 infection, also presented
serologic evidence of latent EBV infection. Clinical manifestations at
admission to the hospital included persistent drug-resistant fever,
polymorphic skin rash without blistering or crusts and no itching, signs of
peripheral skin inflammation manifested by palmar or plantar erythema,
and abdominal pain in 100% of cases. Four (80%) out of five patients had
non-exudative bulbar conjunctivitis and signs of damage to the oral
mucosa manifested as redness and cracked lips, a raspberry tongue with
hypertrophied papillae, and diffuse oropharyngeal erythema. Unilateral
cervical lymphadenitis occurred in patients 1, 2, and 3 (60%); in inpatient
4, bilateral cervical lymphadenitis was found, in the fifth, it was not
detected. In patients 2 and 5, at the onset of the disease, clinical
manifestations of the digestive system were also observed, expressed in
diarrhea and single vomiting.

When analyzing the results of laboratory studies, an increase in the
number of reactants of the acute phase of inflammation was revealed in
100% of cases, which is different for each case. Thus, ESR and
hyperfibrinogenemia were recorded in 60% of cases, while in 100% of
cases, an increase in CRP was observed, the values of which varied from
12 to 96 mg. / L. In the early stages of the disease, leukocytosis was
present in 80% of patients, neutrophilia in 60%, lymphopenia and anemia
in 80%, which returned to control values during treatment. In 40%
changes in the platelet count showed thrombocytopenia, and in 60%
thrombocytosis, as well as the transition from thrombocytopenia to
thrombosis. Other changes were nitrogen retention syndrome, manifested
by elevated serum creatinine and urea levels in 40%, increased liver
transaminases in 20%, and an increase in the MB level of creatine kinase
in 80%. Along with nitrogen retention syndrome, minor proteinuria was
also observed, which was negative during therapy with corticosteroids.
Echocardiographic studies performed during hospitalization in 80% of
cases did not reveal signs of impaired myocardial contractility, pericardial
perfusion, or aneurysmal dilatation of the coronary arteries. The detected
changes in the diameter of the coronary arteries during ultrasound
examination of the heart were supplemented by angiographic magnetic
resonance imaging of the heart to exclude aneurysmal expansion of the
heart. The electrocardiogram revealed an extended QT interval. 80% of
patients had typical imaging signs of unilateral or bilateral pneumonia
found on chest x-ray, although respiratory symptoms were mild.
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Figure 1: Cardiac magnetic resonance imaging in pediatric patients with MIS-C for SARS-CoV-2 infection. A. 4-camera image of a 10-year-old
female patient with normal cardiac appearance.

RR 490 +/- 6; 42 heartbeats

Figure 2: MRI of the heart in a 7-year-old patient. Indistinct diffuse changes in the interstitial space and extracellular volume of the left ventricular
myocardium - the appearance of cardiac MRI for mild diffuse interstitial fibrosis, as a manifestation of sustained myocarditis.

All 5 cases required at least 24 hours of observation in the intensive care
unit; the second patient also needed oxygen support. Treatment included
corticosteroids, antibiotics, antiplatelet drugs, and symptomatic therapy
as appropriate. In 100% of cases, the therapeutic response was positive.
The patients were discharged with a recommendation to return later to
check the long-term course of the disease and early detection of possible
complications specific to KD that may occur remotely. To date, none of
the patients included in the study have developed any complications.

Discussions:

Initially, SARS-CoV-2 infection in children was reported to be mild, with
few ICU admissions and very few deaths. Children infected with SARS-
CoV-2 may develop asymptomatic or may have a fever, respiratory and
gastrointestinal symptoms [23]. As of April 2020, in the United Kingdom,
scientists have determined that children with persistent fever, elevated
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acute phase reagents (neutrophilia, elevated PCR, and lymphopenia), one
or more organ dysfunction like MIS-C compared to SARS-CoV-2. The
phenotypes in this category are typical or atypical KD, KD shock
syndrome, toxic shock syndrome, and macrophage activation syndrome
(MAS) [24]. In this study, we analyzed only a group of patients who met
the criteria for typical or atypical KD associated with COVID-19. The
temporal relationship between clinical and paraclinical manifestations of
MIS-C and the presence of laboratory evidence of SARS-CoV-2 infection
in five children included in our small cohort supports the etiopathogenetic
hypothesis that this syndrome is the result of a post-infectious immune
response. According to recent reports, childhood MIS-C often begins 1
6 weeks after SARS CoV-2 infection and may overlap with an acute
respiratory manifestation of COVID-19 [24].

In our cohort, the most common clinical manifestations were drug-
resistant prolonged febrile syndrome and skin syndrome. Fatigue,
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myalgia, arthralgia, headache, often described in adults, were less
pronounced in children, which could be explained by their inability or
difficulty in reporting them (60% of patients included in our study were
under five years of age or had difficulty expressing). tongue). Although
our patients showed signs and symptoms characteristic of KD, such as
fever, rash, changes in the oral mucosa, conjunctivitis, cervical
lymphadenopathy, thrombocytosis (in the later stages of the disease),
there were some differences from classical KD, such as affecting older
children, affecting the respiratory system (confirmed by imaging),
gastrointestinal disturbances, lymphopenia and thrombocytopenia, which
in some cases progressed to thrombocytosis. KD is a clinical diagnosis
and there is currently no specific diagnostic test. It may present atypically
as KD shock syndrome and rarely as macrophage activation syndrome.
McCrindle BW et al. believe that CD may be a manifestation of a genetic
predisposition to an abnormal immune response to some specific
infectious agents [25].

Renal failure, expressed by nitrogen retention syndrome and mild
proteinuria, registered in patients 2 and 5, can be explained by the
presence of SARS-CoV-2 receptors type ACE 2 in the kidneys. At the
same time, these two patients also had clinical manifestations of digestive
disorders, expressed by diarrhea and vomiting in patient 2, which
indicates a prerenal lesion. The proposed specific mechanisms of
secondary COVID-19 kidney damage are associated with ACE 2
(angiotensin-converting enzyme 2) receptors, which are recognized as
SARS-CoV-2 receptors and are located on the surface of epithelial cells
in the lungs, heart, and kidneys, gastrointestinal system, testes, basal
epidermal cells and hair follicles, and cells of the central nervous system.
Thus, the S1 subunit of the viral protein S binds to the ACE-2 receptor,
activating angiotensin Il. Puelles VG et al. argue that co-expression of
ACE-2 and TMPRSS?2 plays an important role in facilitating entry into
the genome [26]. Through viral invasion, SARS-CoV-2 can have a direct
cytopathic effect on renal cells [26]. One of the earliest studies to identify
kidney damage associated with SARS-CoV-2 infection is the study by DJ
Stewart et al. In Great Britain. According to this study, about half of the
52 children hospitalized with COVID-19 showed signs of renal
dysfunction, and about a quarter of them met the criteria for acute kidney
injury [27]. Along with the ACE-2 pathway, it will also be important to
determine and another pathway [28] for the penetration of coronavirus
into the cell in children through a molecule, the cluster of protein
differentiation  (CD147) [also called extracellular  matrix
metalloproteinase inducers (EMMPRIN) or Basigin (BSG) and belonging
to the superfamily immunoglobulins]. As well as the features of the
development of Oxidative and Nitro-Halogenic stress in children with
SARS-Cov2 / COVID / 19 with the Cyto-destructive effect of membrane
lipid peroxidation [28], the syndrome of electro- ionic membrane distress
(syndrome of Maria&Irina Vasilieva) [29-32] and prevalence of SIRS
over CARS in successful resuscitation in critically ill adult patients
infected with SARS-CoV-2 [1,2,28] with support: respiratory [33],
cardiac [34] and cerebral [35-39]. In children, the manifestation of Nitro-
Halogen stress could explain the development of aneurysmal dilatation of
the coronary arteries due to the slower action of the antiproliferative effect
of NO (reactive nitrogen species, RNS) on the smooth muscle cells of the
vascular wall.

Four out of five children included in the study showed signs of myocardial
inflammation, expressed by an increased content of creatine
phosphokinase MB, and in the fifth patient, driving disorders were also
recorded on electrocardiography due to prolongation of the QT interval,
which disappeared during the next hospitalization. The pathogenesis of
myocardial injury associated with COVID-19 in children is unknown. A
recent Chinese study shows that SARS CoV-2 is much less common in
children due to lower ACE2 levels than in adults [40]. Cui et al. reported
acute myocarditis associated with SARS-CoV-2 infection in a 55-day-old
infant who had elevated cardiac troponin levels on admission [41].
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Another study describing heart failure in MIS-C is being conducted in the
Bronx, NY by Einat B. et al. in a group of 19 children, where 1 out of
three patients with signs of heart disease developed ecstatic expansion of
the coronary artery [42]. The pediatric patients mentioned in this study
will require dynamic monitoring, taking into account the risk of heart
damage in the later stages of KD and the unpredictable development of
MIS-C.

Conclusions:

Kawasaki disease in the context of SARS-CoV-2 infection is a new
disease in pediatrics; however, knowledge about pathogenic mechanisms,
risk factors, and long-term consequences is limited. A multidisciplinary
approach is essential for early detection of this nosology and the initiation
of correct treatment to prevent long-term complications. It is important to
find out if MIS-C in children is a new entity or if SARS-CoV-2 is acting
as a new trigger for Kawasaki disease. Further research, as well as case
studies from around the world, will help avoid delaying urgent and
targeted treatment.
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