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1. SUMMARY

Author Karla — Marlen Julia Corinna Arndt

Research Title Multisystem inflammation syndrome in children, associated with COVID-19

Aim Investigating how to successfully diagnose and treat multisystem inflammatory syndrome
in children (MIS-C) after a SARS-CoV-2 infection.

Objectives
1. Description about the relationship between SARS-CoV-2 and MIS-C.
2. Determination of the clinical picture of MIS-C and most effective way to diagnose the
disease.
3. Distinguishing Kawasaki disease and MIS-C.
4. Explanation of various treatment options for MIS-C.

5. Defining possible outcomes of MIS-C.

Methodology This scientific thesis is based upon literature review, with research papers
available through the National Center for Biotechnology information, PubMed. Every article
included has been critically evaluated and carefully chosen to provide a valuable insight on the

etiology, diagnosis, treatment and outcome of MIS-C.

Results and Discussion of Results 52 articles were included in this literature review. MIS-C
occurs in children after SARS-CoV-2 infection. The majority of COVID-19 infections in children
present with mild course of disease. However, the complications can be life — threatening. In
2021 WHO issued a guideline for the diagnosis of MIS-C with the following requirements:
children and adolescents aged 0-19 with a fever lasting more than three days and exhibiting
two or more of the following symptoms: rash, conjunctivitis, hypotension, myocardial
dysfunction, coagulopathy, or acute gastrointestinal issues, along with elevated markers of
inflammation and evidence of COVID-19 or likely exposure to COVID-19. Other microbial
causes must be ruled out since MIS-C shares many similarities with other multisystem
inflammatory diseases such as Toxic shock syndrome (TSS) and especially Kawasaki disease
(KD). The treatment of MIS-C is based on three main pillars: stabilizing the patient, reducing
inflammation and providing thromboembolic prophylaxis to optimise outcomes and minimize

the risk for long — term sequelae. Those are predominantly cardiovascular manifestations. The



average hospital stay is typically around 8 days and the overall prognosis of MIS-C patients is

good.
Conclusions

1. An infection with SARS-CoV-2 is a requirement for the development of multisystem
inflammatory syndrome.

2. The clinical presentation of the patients can vary according to several factors including
comorbidities and age. Nevertheless, the WHO created a general guideline for
successful diagnosis of the disease.

3. Currently, the key feature to differentiate MIS-C from KD is evidence of SARS-CoV-2.

4. Immunomodulatory treatment, anti-inflammatory treatment and biologicals are the main
options for successful management of MIS-C. Thromboembolic prophylaxis and
approaches for stabilization of the patients are equally necessary.

5. MIS-C has a good prognosis and few long-term consequences are known. As of today,

the mortality rate is below 2%.

Recommendations MIS-C incidence can be reduced only by implementing effective
prevention measures against SARS-CoV-2 infection. Those include vaccinations, personal

protection equipment (PPE) and social distancing.
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6. ABBREVIATION LIST

CAA — Coronary artery aneurysm

CDC - Centers for Disease Control and Prevention

COPD - Chronic obstructive pulmonary disease

COVID-19 — Coronavirus Disease 2019

IVIG — Intravenous Immunoglobulin

KD — Kawasaki disease

MAS — Macrophage activation syndrome

MIS-C — Multisystem inflammatory syndrome in children

PIMS — Paediatric inflammatory multisystem syndrome

PIMS-TS — Paediatric inflammatory multisystem syndrome temporally associated with SARS-
CoV-2

PPE — Personal protection equipment

SARS-CoV-2 — Severe acute respiratory syndrome Coronavirus 2

TSS — Toxic shock syndrome



7. TERMS

Biologic drugs are sometimes referred to as biologic response modifiers because they
change the manner of operation of natural biologic intracellular and cellular actions. Biological
products may offer the most effective means to treat a variety of medical illnesses and
conditions that presently have no other treatments available. These agents can either be

created in a laboratory or naturally exist within the human body [1].

Multisystem inflammatory syndrome in children (MIS-C / PIMS) is a serious condition in
children associated with SARS-CoV-2 infection. During the course of disease various systems
of the body become inflamed, including the cardiovascular, respiratory, dermatological, renal

and gastrointestinal system [2].



8. INTRODUCTION

Multisystem inflammatory syndrome in children (MIS-C) is a postinfectious disease
which occurred during the SARS-CoV-2 pandemic in 2019, predominantly in school — aged
children [3]. Although the correlation between an infection with SARS-CoV-2 and MIS-C was
not fully understood yet, the time of the pandemic outbreak and the appearance of the
inflammation syndrome was highly suggestive of coherence [4].

However, the exact pathophysiological mechanisms of the disease are not thoroughly
investigated up to this point. Scientists believe concomitant factors may lead to the disease,
including the misleading reaction of the immune system, macrophage activation syndrome
(MAS) and cytokine release syndrome. Hence, many similarities are found from other

hyperinflammatory syndromes like Toxic Shock Syndrome (TSS) and Kawasaki disease (KD)

[5].

Three years after the first report of MIS-C by Riphagen et al. [6] in 2020 many questions are
still not answered. The children present with a wide range of symptoms in multiple organ
systems. MIS-C is characterized by prominent cardiovascular symptoms. Gastrointestinal and
mucocutaneous signs likewise play an importantrole in the clinical picture [5, 7-10]. On ground
of different studies and case reports by numerous scientists the WHO established a guideline

for a successful diagnosis of MIS-C [11].

Most children with MIS-C present without long term — sequelae and an overall positive
outcome, when appropriately treated. Yet, the disease can develop into a life — threatening
condition. Venkatesha et al. [12] published a case report about a previously healthy 12 — years
old boy with MIS-C, who died of sudden cardiac arrest, albeit he received treatment according
to guidelines. Therefore, cardiovascular complications like myocardial fibrosis, left ventricular
dysfunction and conduction abnormalities require careful monitoring [12-15].

Among many other, this case report depicts the importance of a deeper comprehension of MIS-
C and its potential risks. Several studies have been reviewed to provide a valuable insight into

the topic.

The aim of this literature review is to investigate the clinical picture of MIS-C and hereby define
how the disease is successfully diagnosed. Furthermore, the various treatment options are
described to provide guidance for the management of MIS-C. At last, the possible outcomes

of the disease are defined.
10



9. AIM AND OBJECTIVES OF THE THESIS

Aim: Investigating how to successfully diagnose and treat multisystem inflammatory

syndrome in children after a SARS-CoV-2 infection.

Objectives:

1. Description about the relationship between SARS-CoV-2 and MIS-C.

2. Determination of the clinical picture of MIS-C and most effective way to diagnose the
disease.

3. Distinguishing Kawasaki disease and MIS-C.

4. Explanation of various treatment options for MIS-C.

5. Defining possible outcomes of MIS-C.

11



10. RESEARCH METHODOLOGY AND METHODS

The aim of this thesis is to investigate how to diagnose and treat multisystem
inflammatory syndrome in children after a SARS-CoV-2 infection. To achieve the aim the
coherence of SARS-CoV-2 infection and MIS-C will be discussed. Additionally, the two similar
hyperinflammatory diseases MIS-C and KD need to be differentiated. Lastly potential risk

factors and possible outcomes will be evaluated.

This thesis is based upon literature review, with research papers available through the National
Center for Biotechnology Information, PubMed. Every article included has been critically
evaluated and carefully chosen to guarantee a thoughtful insight into the topic. Furthermore,

they were limited to an age of ten years to ensure actuality.

The keywords used to find suitable papers in the medical database used both separately and
in combination include: COVID-19, COVID-19 in children, coronavirus, coronavirus in children,
pandemic 2019, multisystem inflammatory syndrome in children (MIS-C) - diagnosis,
treatment, complications, clinical picture, clinical presentation, symptoms, mortality rate and

outcome. Pediatric inflammatory multisystem syndrome (PIMS), Kawasaki disease (KD).

Hereby relevant articles were identified. Subsequently the screening of the literature was done,

and the remaining articles were assessed for eligibility.

Reports were excluded if the articles were not relevant for the research topic e.g., multisystem
inflammatory syndrome in adults or COVID-19 case reports describing diagnosis and
treatment. Furthermore, some articles had to be excluded if outdated guidelines were used

e.g., for diagnosis of MIS-C.

The whole research methodology is depicted in Figure 1. Identification of studies yielded 846
records. Duplicates were removed and 489 unique articles were screened on title and abstract.
365 Records were excluded during the first screening yielding to a total of 124 articles which

were fully assessed for eligibility.

Since the research was filtered to present only free full text results no reports were excluded

due to issues of retrieval.

12



Finally, 52 articles were included in the literature review to provide an insight on diagnosis and

treatment of MIS-C, and to give further recommendations. The release years are ranging from

2013 to 2023.

Identification of studies via databases and registers

ldentification

Fecords identified from
Mational Centre for
Biotechnalogy Information,
PubMed {n=845)

Records removed before
ECreaning:
Duplicate records removed
{n=357)

l

Records screanad
(n=489)

Records excluded
(n=365)

l

Reports sought for retrieval
{n=483)

Screening

l

Reports not retrieved
(n=0}

Reports assessed for eligibility
(n=124)

Reportzs excluded because:
The arficles were not related to
the research topic.

The articles were not according
to current guidelines.

Included

Studies included in review
(n=52)

Fig. 1 Modified PRISM-chart: Identification of studies via databases and registers by Page et al. [16]
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The open-source software Zotero was used for collection and management of all scientific
papers. More than 90 % of the studies were published between 2020 and 2023 underlining the
actuality of the topic.

14



11. RESULTS AND THEIR DISCUSSION

Since April 2020 several countries across the globe reported a multisystemic
inflammatory syndrome in younger — aged patients. The initial reports by Riphagen et al. [6]
emerged from United Kingdom in May 2020. The condition has been termed multisystem
inflammatory syndrome; also referred to as paediatric inflammatory multisystem syndrome
(PIMS), paediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-
2 (PIMS-TS), paediatric hyperinflammatory syndrome or paediatric hyperinflammatory shock
[5, 6].

The described disease seemed to overlap with certain other inflammatory conditions such as
Kawasaki disease (KD) or Toxic shock syndrome (TSS). Nevertheless, it showed to distinct
itself from those conditions in several aspects, which will be discussed [10].

One distinctive feature of the disease is the aetiology. In most cases MIS-C was diagnosed 4
— 6 weeks after a SARS-CoV-2 infection, which raised questions about the correlation between

those two illnesses [17].

111 Description about the relationship between SARS-CoV-2 and MIS-C.

In December 2019 a group of patients with pneumonia of unknown aetiology was linked to a
seafood wholesale market in Wuhan, China. The ongoing disease which is known today as
COVID-19 was first described by Fan Wu et al. [18] in January 2020. The researchers
described a severe respiratory disease which spread rapidly through the country. By 25t
January 2020 at least 1 975 cases had been reported since the first hospitalisation on
December 12, 2019 [18-20]. Yet, this first outbreak was only the beginning of one of the
biggest evolving global health emergencies. On 11™ of March 2020 the WHO officially declared
COVID-19 as a pandemic [21].

But what exactly is SARS-CoV-2 and how is this variant of the coronaviridae family connected

to multisystem inflammatory syndrome in children?

In younger patients COVID-19 is often diagnosed with mild symptoms and a favourable course
of disease without any long — term complications. There are several reasons why children

contract the disease less frequently and less severely than adults. One of the reasons is the
15



lower prevalence of comorbidities like diabetes, chronic obstructive pulmonary disease
(COPD) or hypertension in younger population [22—24]. However, with increasing numbers of
coronavirus infections in children more and more reports about one specific complication
emerged — the multisystem inflammatory syndrome was described, suggesting a coherence
between COVID-19 and the new disease named MIS-C [23, 25].

In June 2020 Belot et al. [26] conducted a study investigating the relationship between the two
diseases. It was one of the first investigations to ascertain the aetiology of MIS-C. For the study
they created a reporting form for clinicians in France, which included results of either RT-PCR
or serology of SARS-CoV-2, main clinical features of MIS-C, the type of wards where the
children were treated, as well as the type of treatment they received, depicted in Figure 2.

Accordingly, those four groups were built:

Confirmed / Proven cases of SARS-CoV-2 related PIMS (MIS-C)
Probable cases of SARS-CoV-2 related PIMS (MIS-C)

Possible cases of SARS-CoV-2 related PIMS (MIS-C)
Non-SARS-CoV-2 related PIMS (MIS-C)

0D PE

From 15t of March 2020 until 17" of May 2020 a total of 156 cases had been reported with 79
classified as confirmed, 16 as probable and 13 as possible SARS-CoV-2 related PIMS (MIS-

C) cases leading to total of 108 cases within the first 3 groups with a median age of 8.

Reported PIMS cases in France from 1 March to 17 May

n=156
. At least two Pending or not
PCR or Confirmed major symptoms performed testing
serology COVID-19 and pending or not | with a single
positive contact OR performed symptom OR
E$51t|ve chest microbiological negative PCR
scan testing and serology
v v v v
Confirmed Probable Possible mtofiﬁ?v/e
Cor\l/flMS Cor\lffllf\gs COT\;/fEIiWS CoV-PIMS
79 3 n=48

Fig. 2 Flowchart of paediatric inflammatory multisystem syndrome cases following classification by Belot et al. [24],
France,1 March - 17 May, n=156
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According to these results Belot et al. [26] concluded a coherence between SARS-CoV-2 and
MIS-C [26].

The authors further supported their findings by studies conducted by Dufort et al. [27],
Toubiana et al. [28] and Mubbasheer et al. [29], all suggesting a strong association of MIS-C
and a SARS-CoV-2 infection. Later on Cattalani et al. [30] defined the RNA — virus as the

causative agent for MIS-C.

Based on the data of the Centers for Disease Control and Prevention (CDC) [2] a correlation
between the type of corona virus strain and the incidence of MIS-C was observed. With the

delta virus strain, the incidence of MIS-C was significantly higher than with the omicron strain

2].

Furthermore, Feldstein et al. [31] (2021) made the inference of MIS-C being of transient nature,
since the absence of a second COVID-19 wave would most probably lead to an extremely rare

and sporadic occurrence of inflammatory disease [31].

In 85% of the MIS-C cases the RNA virus was detected in the upper respiratory tract or
antibodies against SARS-CoV-2 were isolated from the serology [29]. Even the diagnostic

criteria are bond to evidence of COVID-19 infection or likely contact [7, 11].

In accordance with the evidence, it is reasonable to conclude that SARS-CoV-2 infection is a

requirement for the development of multisystem inflammatory syndrome.

11.2 Determination of the clinical picture of MIS-C and most effective way to

diagnose the disease.

Children suffering from MIS-C present with a wide range of symptoms and grades of severity.
Nevertheless, several studies had similar findings regarding the most prevalent complaints
among MIS-C patients. In the first paper about MIS-C, Riphagen et al. [6] described the very
typical clinical picture of a patient with febrile fever, variable rash, conjunctivitis and
gastrointestinal symptoms. Overall, 8 patients with a median age of 9 years were investigated.
Additionally, he mentioned signs of diffuse inflammatory processes such as small pleural,

pericardial and ascitic effusions. Those signs identified by Riphagen et al. [6] in 2020 were
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further supported later during the pandemic due to increasing SARS-CoV-2 infections in

children and a correlating rise in MIS-C data [6].

In a review of Nakra et al. [7] different case series from Switzerland, UK, France and Italy were
compared. The case series included 70 children from 2 — 16 years. The majority presented
with fever for more than 4 days and without history of comorbidities. Most commonly the
children presented with gastrointestinal symptoms and clinical symptoms of KD, including
conjunctivitis and rash. Furthermore, neurologic findings such as headache, irritability and

encephalopathy were found infrequently [7].

Another study conducted by Ciftdogan et al. [8] reviewed 614 cases of MIS-C between 15t of
November 2020 and 9™ of June 2021. A median age of 7,4 years was found. They further
stated 57,7 % of the patients were male. Boys predominated especially at an age <12 years.
Most of the patients were previously healthy, but about one quarter was obese. Only 11,8 %
were diagnosed with MIS-C having a comorbidity like an autoimmune disease (3,1%),
neurometabolic disease (2,8 %) or respiratory disease (1,6 %).

The median amount of time between the beginning of symptoms and admission to the hospital
was 4 days. Without an exception all 614 patients presented with fever (median 38 -C) lasting
a median of 5 days. The most prevalent complaints were fatigue (81,8 %) and gastrointestinal
problems (including abdominal pain, vomiting, or diarrhoea) in 77 % of patients.

Clinical symptoms of KD, such as conjunctival infection (n = 305, 49,7 %), rash (n = 334,
54,4%), and mucous membrane alterations (n = 265, 43,1 %), were repeatedly detected.
During further observation of involvement of various organ groups the researchers identified
that 2 — 3 systems were primarily involved in the O — 5 years age group, while 4 — 5 systems
were more frequently involved in the other age groups. The hematologic and cardiovascular
systems were most affected.

12 % of the patients had to be treated for shock. Additionally, an echocardiogram was done for
578 patients and coronary artery dilation was found in 10 % of the patients, especially in those
with KD — like symptoms. In 5 patients a coronary artery aneurysm was found and 30 % of the

patients presented with Valvulitis [8].

Dufort et al. [27] conducted another case analysis about patients in New York state hospitals.
The authors had similar findings as mentioned above.
They investigated 95 cases aged 0 — 20 years with confirmed MIS-C diagnosis, and further

included 4 cases with strong suspicion of PIMS. A mild male predomination was found likewise
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in this study making up 54 % of the cases. The majority of patients were in the age of 0 — 12
years (73 %, 0 — 5 years 31 %, 6 — 12 years 42 %). 36 patients presented with a pre-existing
comorbidity and in 29 cases the concomitant disease was obesity.

Every single subject presented to the health facility with fever or chills. Moreover, in 80 % of
the cases the children had gastrointestinal symptoms including abdominal pain, diarrhea,
nausea and vomiting. Cardiovascular symptoms like tachycardia were recorded in almost all
cases. Hypotension was found in 32 % of the cases and 10 patients had to be treated for
shock. Dermatological and mucocutaneous symptoms typical for KD were observed in 62 %
of the cases showing once more the similarity of those inflammatory diseases.

Overall, 80 % of the patients were admitted to the intensive care unit within one day of

admission to the hospital. 10 % of those required mechanical ventilation [27].

As shown in Figure 3 Dufort et al. [27] observed various syndrome clusters according to age
groups among patients with MIS-C. Dermatological and mucocutaneous symptoms were found
especially in younger children aged 0 — 5 years, whereas gastrointestinal symptoms were
prevalent in patients of all age groups. Neurological signs were less common in the youngest
age group and rather uncommon in general.

Furthermore, they were able to find a coherence between age and myocardial inflammation.
In the age group 13 — 20 years 73,1 % presented with myocarditis, whereas in the age group
0 —5years only 38,7 % of the patients had inflammation of the myocardium, therefore showing
a prevalence of myocarditis in adolescents. Another important finding was the predomination
of KD and KD - like symptoms in the younger age groups. Oral — mucosal changes, rash and
conjunctivitis was found in half of the children aged 0 — 5 years. In contrast to that, only 12 %

of the adolescents presented with those symptoms.

Moreover, a higher age builds a higher risk for a more severe course of disease [27].

0-5 Years 6-12 Years 13-20 Years
(N=31) (N=42) (N=26)

Dermatologic or mucocutaneous 87.1 61.5

Symptom Category

KD or atypical KD 48.4 42.9 1158
Myocarditis 38.7 50.0 ‘

Neurologic 12.9 38.1 38.5

Percent of Patients
0to 38.4 38.5 to 46.2 46.3t066.1 M 66.2t079.0 M 79.1to 100

Fig. 3 Syndrome Clusters According to Age Group among Patients with Multisystem
Inflammatory Syndrome in Children (MIS-C) by Dufort et al. [27]
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Lastly one systemic review with 953 patients was conducted by Hoste et al. [10], which further
supports the above-mentioned findings. The aim of the review was to define the clinical picture
and find out diagnostic criteria of MIS-C. Along with the other studies they found a male
predominance of 58,9 % and a median age of 8,4 years. One quarter of the patients were

overweight [10].

The clinical presentation showed almost identical characteristics as already stated. From 928
patients, 922 presented with fever lasting not less than 5 days. Moreover, gastrointestinal
symptoms were found in more than half of the patients. In 79,3 % of the patients cardiovascular
manifestations were found. The most prevalent cardiovascular abnormalities included
myocarditis, tachycardia and hypotension. Furthermore, shock was frequently reported in
single cases (103 /138, 74,6 %).

About 50 % of the patients presented with KD — like symptoms depicting as polymorphous rash

and purulent conjunctivitis [10].

To summarize the clinical picture of multisystem inflammatory syndrome in children Molloy et
al. [9] visualized the typical signs, symptoms and characteristics in Figure 4. It is safe to say,
that the typical patients are mostly school — aged children about 9 years. Moreover, a
predominance of the male gender was found. Patients who were Non-Hispanic Black and Non-
Hispanic White made up the majority of the cases (65,2 %). Pre-existing conditions do not
seem to be significant, although obesity was found to be a risk factor. Later it will be discussed

whether comorbidities have an influence in the outcome of MIS-C.

The patients will almost always present with fever for at least 3 days and show signs of
multisystemic inflammation — especially in the gastrointestinal- and cardiovascular system.

Gastrointestinal symptoms most often include diarrhea, abdominal pain, nausea and vomiting.

In patients with cardiovascular involvement echocardiography is always indicated to determine
cardiac manifestations of MIS-C like myocarditis, pericardial effusion, valvulitis and coronary

artery dilation. Those patients often have a severe course of disease.
The most feared complications include cardiac dysfunction, shock and coronary artery

aneurysm. Tachycardia and hypotension will be one of the first signs indicating possible

cardiac inflammation. Acute renal damage and serous effusions in the pleura, pericardium, and
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peritoneum were other frequent findings, all of which were indicative of widespread
inflammation [5, 7-10, 23, 27, 32-35].

Additionally, blood values should be investigated. Laboratory values are one of the criteria for
the diagnosis of MIS-C. In most patients clear signs of inflammation were identified during the
investigation of inflammatory markers. ESR, CRP, procalcitonin and ferritin were significantly
increased in patients with MIS-C. The detection of hypoalbuminemia and hyponatremia further
indicated renal injury [7, 8, 16].

Pro-B-type natriuretic peptide (proBNP) levels were significantly raised in the majority of
patients (59 / 65, 70 %), as well as troponin levels (57 / 70, 81 %), indicating myocardial injury
and heart failure, respectively. Neutrophilia, lymphopenia, low to normal platelet counts, an
increased D-dimer, and low fibrinogen levels were also found among the documented

hematologic abnormalities [7, 9].

%—\ MULTISYSTEM INFLAMMATORY SYNDROME IN CHILDREN (MIS-C)
Previous

infection W, Exposure

| Evidence of prior infection Severe complications:

Conjunctival hyperemia=54% B ¢, diac dysfunction — 31%

Serology Vomiting-64% Shock — 37%
N N Recent Abdominal pain - 67% Pericardial effusion — 23%
RT-PCR & Diarrhea — 54% Myocarditis — 17%
Hypotension - 51%

P Coronary artery dilation/
Rash — 56% 2
MIS-C children N = 8525 % aneurysms — 16.5%

98% positive test for SARS CoV-2; [ ) Acute kidney injury — 18%
remaining 2% history of exposure /

Median age - 9 (IQR 5-13) y i : J T
(range: 2 weeks to 20y) <1y-3.3% w O . Treatment:
Male (61%) ' 'Y ) : AR IVIG - 81%
Hispanic 24.6% . : Antiplatelet Rx — 59%

ICU admission Anticoagulant — 44%

(58%) Vasoactive meds — 42%
Thrombocytopenia - 40% LOS -5 (3-7)d

Lymphopenia - 31%

Non-Hispanic Black 30.6%
Non-Hispanic White 34.6%
Asian 2.5%

Deaths

Pre-existing Risk fac.tors: N =69 (0.81%)
°°"fl’;‘3'°"s %gf;‘)" https://covid.cdc.gov/covid-data-tracker/#mis-national-surveillance

Belay et al JAMA Pediatrics 2021; Godfred-Cato et al MMWR 2020

Fig. 4 Infographic about Clinical Picture of multisystem inflammatory syndrome by Molloy et al. [8]

After the publication of several studies and individual cases about the typical clinical
presentation of MIS-C the WHO was able to develop a guideline for successful diagnosis of

the disease on ground of the clinical signs, medical imaging, and laboratory investigations.
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11.2.1 WHO - Guideline for diagnosis

The WHO [11] issued a guideline for the diagnosis of MIS-C in November 2021 to assure

appropriate diagnosis of MIS-C. The guideline stayed the same since then [11].

The diagnostic criteria of the disease include the necessity of fever above 38 -C and the
involvement of several organ systems. This concludes the fact of MIS-C being a multisystemic

inflammatory disease. The guideline states the following:

Children and adolescents 0 — 19 years of age with fever > 3 days,
AND two of the following:

1. Rash or bilateral non-purulent conjunctivitis or muco-cutaneous inflammation signs
(oral, hands or feet),

2. Hypotension or shock,

3. Features of myocardial dysfunction, pericarditis, valvulitis, or coronary abnormalities
(including ECHO findings or elevated Troponin/NT-proBNP),

4. Evidence of coagulopathy (by PT, PTT, elevated d-Dimers),

5. Acute gastrointestinal problems (diarrhoea, vomiting, or abdominal pain).
AND
Elevated markers of inflammation such as ESR, C-reactive protein, or procalcitonin.
AND

No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal

or streptococcal shock syndromes.
AND

Evidence of COVID-19 (RT-PCR, antigen test or serology positive), or likely contact with
patients with COVID-19 [11].

The guideline is used for successful diagnosis of multisystem inflammatory syndrome, hence

leading to the appropriate treatment.
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The most important criteria — especially during differential diagnosis — is evidence of infection
or likely contact with COVID — 19. Besides, it is crucial to exclude other microbial causes of

inflammation [11, 16].

After a successful diagnosis further management needs to be initiated, which will be discussed.

11.3 Distinguishing Kawasaki disease and MIS-C.

As mentioned earlier, MIS-C has a lot of similarities with other inflammatory disease such as
TSS and particularly KD, an acute necrotizing vasculitis of medium- and small — sized vessels.
The corresponding pathophysiology of the diseases is the most probable cause of the similar
phenotypic features. Due to the cytokine storm suggestive of the macrophage activation
syndrome (MAS) the diseases might mimic each other and hereby creating a challenge to
differentiate between them [14, 36]. Some authors even define MIS-C as the most severe form

of KD. Others suggest the possibility of a simultaneous occurrence of both diseases [36].

In the previous mentioned study by Ciftogan et al. [8] 45,1 % of the patients had manifestations
of KD and PIMS at the same time. Most of those patients were younger than 7 years, leading
to the conclusion of younger patients being more affected by KD and MIS-C simultaneously [8,
27, 37]. While they are not the same condition, MIS-C and KD may be related ilinesses that
could be categorized as part of the post — infectious autoimmune febrile responses. However,
the cause of KD is not fully established yet. Scientists found several triggers which were
concluded to various theories including the ‘vaccine exposure theory’ and the ‘infectious
theory’. Further risk factors which might contribute to KD in children are immune dysregulation
and genetic predisposition. Nevertheless, more research is needed to be able to identify the
etiology of KD [38].

Most cases of Kawasaki disease affect children between the ages of 6 months and 5 years as

opposed to patients with MIS-C presenting with an average age of 6 — 10 years [36—39].
Asian children only make up a minor part of MIS-C cases, but Black and Hispanic children tend

to be at higher risk for MIS-C. In contrast, Asian children have greater incidence of typical KD
[5, 9, 40].
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Similarities of the disease are especially found within the clinical picture as shown in Figure 5
due to the comparable pathogenesis. Zhang et al. [36] found febrile fever over the course of
several days and multisystemic organ involvement in both diseases. The symptoms included
rash with mucous membrane involvement, conjunctivitis, hands and feet erythema and cervical
lymphadenopathy. Furthermore, during investigation coronary artery aneurysms were found
as a cardiac manifestation in children with KD, as well as in children with MIS-C. But overall

cardiac involvement is more common in MIS-C than in KD [34, 36, 41].

MIS-C

Kawasaki disease

Age: 76% cases, <5 years

Age: median, 6-10 years Fever G
Rash Uncommon respiratory symptoms

Increased incidence of gastrointestinal Oy
FISRROD HIGIOSDES Ok B OLTE Mucous membrane Uncommon myocarditis with
symptoms involvement ventricular dysfunction

Increased incidence of myocarditis Conjunctivitis Thrombocytosis as a characteristic
and cardiac involvement; Hands and feet feature

Increased ferritin, leukopenia, crélhcwa'/fdcma Uncommon lymphopenia and
lymphopenia and thrombo-cytopenia; ervica increased ferritin and D-dimer

. i Lymphadenopathy

T"’""“c'f‘ mcludu?g. . Shock Steroid and biologic drugs are the
Intropes/vasopressors MAS second-line treatment
Mechanical ventilation
ECMO CAA Rare use of intropes /vasopressors
Steroid irin + IV, ; S
Biologic drugs S Rare use of mechanical ventilation

Rare use of ECMO

Fig. 5 Similarities and differences of MIS-C and KD by Zhang et al. [36]: Clinical picture, diagnosis and management.

One of the biggest differences in the clinical picture is the increased incidence of
gastrointestinal symptoms in children with MIS-C. As explained earlier, especially younger
children are prone to diarrhea, abdominal pain, nausea and vomiting. Those children also have
an increased incidence of myocarditis and cardiac involvement, compared to patients with KD.
This is further confirmed by the specific changes of the laboratory values: in both cases
elevated inflammatory markers demonstrate multisystemic inflammation — but particularly
children with MIS-C will have a marked increase in biochemical markers of cardiac injury, which
include troponin and BNP. Lymphopenia, thrombocytopenia, and increased ferritin are likewise
features of MIS-C. Conversely in KD thrombocytosis is detected as a characteristic feature,

whereas lymphopenia, and increased ferritin are rarely found [8, 10, 27, 36, 39, 42].
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In regard of treatment, it is safe to say that MIS-C patients needed a more intensive care than
KD patients. The use of immunomodulatory therapy is combined with symptomatic and
supportive therapy in both cases. As MIS-C patients required more critical treatment than KD
patients, they received more frequently care in the intensive care unit, where at least one-fourth
required inotropic support or vasopressors. Patients with MIS-C received invasive mechanical
ventilator assistance in almost half of cases. Moreover, several of the patients with MIS-C
received extracorporeal membranous oxygenation (ECMO). All of the mentioned life-saving

treatments were rarely necessary for KD patients [36].

Complications of both diseases included shock. However, the majority of the children with KD
have a good prognosis. The long-term clinical outcomes of MIS-C are not fully established yet
[36].

Multisystem inflammatory syndrome and Kawasaki disease are both inflammatory illnesses
which are mostly found in children. They present with similar features such as fever for 3 — 5
days, mucocutaneous rash and laboratory signs of inflammation. Nevertheless, they also differ

in clinical picture, treatment and particularly etiology.

Currently the crucial characteristic aiding in the differentiation between these illnesses is a
positive antibody test following a SARS-CoV-2 infection [11, 14, 36, 42]. That being said, it is
necessary to underline the decreased specificity of seropositivity as the MIS-C main diagnostic
sign. Because of continuous SARS-CoV-2 exposure and the following immunization against
the virus, the population's immunity is growing each day. Additionally, subsequent vaccinations
are leading to a high amount of people within the community presenting with antibodies against
SARS-CoV-2 [33, 42].

Consequently, evidence of COVID-19 cannot be the main future for the differentiation of those
multisystemic inflammation syndromes. More research is needed to develop diagnostic

markers for clear differentiation [33, 42].

114 Explanation of various treatment options for MIS-C.

Multidisciplinary treatment should be used for MIS-C management, including experts in critical

care, cardiology, infectious diseases, and rheumatology. Together with immunomodulatory
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medication, therapeutic approaches include symptomatic and supportive therapy [42]. One of

the main goals in the treatment of MIS-C is the reduction of the exaggerated immune response.

Additionally, thromboembolic events and long-term effects such myocardial fibrosis, coronary

artery aneurysms (CAAs), and fixed cardiac conduction anomalies must be prevented.

Multiple approaches inspired from the treatment of other hyperinflammatory diseases such as
KD have been considered. Those range from intravenous immunoglobulins (IVIG) to
glucocorticoids and biologic therapy [34, 35, 39, 40, 43, 44].

Sharma et al. [39] reviewed 24 studies including 1 020 individuals diagnosed with MIS-C. At
least 70 % of the patients were treated with IVIG as first — line agent with satisfactory results.
The second most common treatment used simultaneously during management of the patients
were steroids. In patients with cardiovascular manifestations and particularly shock, high —

dose glucocorticoids were used [39].

All guidelines including the unified guideline encourage the initial use of IVIG and steroids as
anti-inflammatory drugs. Methylprednisolone was mentioned several times as one of the best
options. According to general clinical presentation and severity of the disease the amount of
those medications is defined [34, 44-46].

In patients with refractory disease intensification of the treatment is required leading to a higher
risk of IVIG complications such as volume overload or haemolytic anaemia. Therefore, high
dose corticosteroids should be considered if there is no improvement after initial treatment [40,
46].

A further treatment option of those patients can be biological therapy. The two most often
prescribed biologics are Tocilizumab, a monoclonal antibody that targets the IL-6 receptor, and

Anakinra, an IL-1 receptor antagonist, in high doses [34, 40].

Hemodynamically unstable patients and patients with severe MIS-C require intensive care unit
hospitalisation. The patients must be stabilized to initiate further treatment. Fluid resuscitation
needs to be provided for those patients who are volume — depleted. In case of vasodilatory

shock management by vasopressors is required. As already mentioned, extracorporeal
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membranous oxygenation might be necessary. In case of severely decreased cardiac output

mechanical ventilation as well as inotropic support must be considered [34, 46].

Algarni et al. [45] are suggesting the use of immunosuppressants to reduce inflammation and
hereby symptoms. During remission it can be given daily to decrease mortality and the need

of mechanical ventilation [45].

Son et al. [15] conducted a study which included 518 MIS-C patients. Three different treatment
approaches were compared to find the best option for MIS-C patients. The first group of 241
patients (47 %) received initial treatment with IVIG and corticosteroids. This was proposed as
the first — line treatment in a progressive approach to immunomodulatory treatment.

The second group consisting of 107 patients (21 %) received IVIG, glucocorticoids and
biological treatment, whereas the third group was treated with IVIG alone (89 /518, 21 %). All
patients were severely ill and received treatment within the first 2 days after hospitalization.
The patients of the first group who received initial treatment with IVIG together with
glucocorticoids presented with a lower prevalence of cardiac dysfunction, left ventricular
dysfunction and shock compared to those who were solely treated with IVIG. In general all
patients received initial treatment and therefore did not significantly vary in terms of median

length of stay in the ICU, nor in the risk of the occurrence of persistent or recurrent fever [15].

Thromboembolic prophylaxis is recommended in all patients due to proinflammatory state and
especially in patients with depressed ventricular function. Anti-coagulation with heparin,
enoxaparin, warfarin, or antiplatelet agents should be considered. Especially low — dose aspirin
is advised in patients without active bleeding or significant bleeding risk. Hence, the platelet
count must be reviewed first to ensure the safety of use and to reduce the risk of adverse
events.

In patients with coronary artery aneurysm (CAA) anticoagulation must be considered. Since
the size of the aneurysm has a direct correlation with the risk of coronary artery thrombosis the
Z-score is used to decide for appropriate anticoagulation. Enoxaparin or warfarin should be
used in patients with a Z-score above 10 [34, 40, 45].

Furthermore, antiacid therapy needs to be administered to prevent gastrointestinal problems

which might occur due to the intake of steroids and aspirin [9, 40].

Decisions to reduce immunomodulatory medication should be guided by continued laboratory

investigations and cardiac assessment. To prevent reoccurrence of inflammation, children with
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MIS-C require a prolonged immunomodulatory therapy regimen that may last 2 — 3 weeks or

even longer [40].

11.5 Defining possible outcomes of MIS-C.

MIS-C associated with COVID-19 is a serious, potentially life-threatening disease. Despite the
severity of the disease, the majority of patients respond well to therapy, with few side effects
and an overall positive outcome [30]. The average hospital stay was ranging between 6 — 11
days with a median of 8 days [27, 29, 47-49].

Cardiovascular manifestations are the most prevalent sequelae of MIS-C. Cantarultti et al. [50]
investigated long — term cardiovascular outcomes. They reviewed 67 cases of which 65
children presented with ventricular dysfunction (65 %), pericarditis (66 %), coronaritis (35 %),
arrhythmias (9 %) or ECG abnormalities (65 %). All patients received treatment according to
guidelines whereas 32 % necessitated inotropic support. During the hospital stay all cases of
arrythmia resolved due to successful therapy. Within the first 3 months after discharge the
complete normalization of ventricular function and ECG was documented. Furthermore,
coronaritis was not detected anymore after 12 months. Myocardial scars were the only reported
long — term finding resulting in no functional impact. Conclusively, every patient fully recovered

from MIS-C and any cardiovascular manifestations within one year [50].

Cetin et al. [47] performed a retrospective study with cases between August 2020 — March
2022 in a paediatric tertiary centre. Out of 99 confirmed MIS-C cases 10 patients presented
with a pre-existing medical condition such as asthma, metabolic disorders, autoinflammatory
diseases, malignancy, congenital heart disease or chronic kidney disease. A mortality rate of
3 % (3 /99) was found. 2 of those patients had a pre-existing condition, consequently it is

necessary to treat those patients more intensively [47].

The previously introduced study of 953 patients by Hoste et al. [10] found a mortality rate of
1,9 %. In 50 % of those cases the children were aged 5 — 12 years which coincides with the
findings of Cetin et al. [10, 47]. 17 of the 18 reported deaths presented with shock and / or
myocardial dysfunction, hence needing inotropic support and / or mechanical circulatory
support. In 8 of those cases a pre-existing comorbidity was present. The most prevalent
condition was obesity. The other conditions were malignancy, asthma, glucose-6-
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dehydrogenase deficiency, and multiple neurological conditions. Only in 2 cases persistent
neurological damage was found. For the remaining patients no long-term sequelae were
reported. Those findings support the statement of a good prognosis in patients with MIS-C and
a mortality rate estimated below 2 % [8-10, 33, 34, 51].

Nevertheless, there are also unpredictable fatal cases of MIS-C. As already mentioned,
Venkatesha et al. [12] presented a case of a previously healthy 12 — year — old who died of
sudden cardiac arrest, albeit he received appropriate treatment. Possible causes for the fatal

event are viral myocarditis or cytokine-induced myocardial injury [12].
Scheduling follow — up tests after recovery is necessary to determine late effects on heart

function and the emergence of coronary problems. Long — term cardiac monitoring must be
used for further evaluation [13, 35, 42].
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12.

CONCLUSIONS

Based on the evidence, it is reasonable to conclude that SARS-CoV-2 infection is a
requirement for the development of multisystem inflammatory syndrome. Up to now this

remains one of the essential diagnostic markers for MIS-C.

The typical patient is a school — aged male, about 9 years old. Patients who were Non-
Hispanic Black and Non-Hispanic White make up the majority (65,2 %). Pre-existing

conditions seem to be a risk factor.

All patients present with fever for at least 3 days and a variety of gastrointestinal-,
cardiovascular- and KD-like symptoms such as mucocutaneous inflammation signs,
rash or conjunctivitis. The younger the patients, the more likely they will present with KD
or with KD — like symptoms. A higher age builds a higher risk for a more severe course
of disease. Echocardiography is indicated in all patients. The diagnosis is made

according to the latest guidelines by WHO.

Presently, the key feature that distinguishes between MIS-C and KD is a positive
antibody test following a COVID-19 infection.

But with increasing numbers of SARS-CoV-2 infections the evidence of the virus within
the wide population is increasing. Consequently, a positive antibody tests cannot be the
main feature for the differentiation of those multisystem inflammation syndromes.
Further research needs to be done ascertaining a deeper comprehension of both

diseases to develop diagnostic markers, which clearly differentiate MIS-C from KD.

The three main pillars of treatment are stabilization of the patient, reduction of
inflammation and thromboembolic prophylaxis. Immunomodulatory drugs (IVIG) and
anti-inflammatory drugs is the general treatment for every MIS-C patient. Biologicals are

an option for patients with refractory disease.

As of today, the mortality rate is estimated below 2%, the patients present without long-
term sequalae, and the overall prognosis is good. The average hospital stay amounts

to 8 days.
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13. PRACTICAL RECOMMENDATIONS

The main practical recommendation to avoid MIS-C is to prevent an infection with CoV-
SARS-2. As previously explained scientists have proven a connection between COVID-19 and
MIS-C. Feldstein et al. [31] suggested MIS-C being of transient nature, meaning the lower the
incidence of COVID-19 is, the lower the incidence of MIS-C will be. Hence, protection
equipment like face mask, vaccination measures and social distancing is not only reducing the
rates of SARS-CoV-2 infection, but also the incidences of MIS-C [26, 27, 29, 52, 53].

However, we are living in an ongoing pandemic with uncertain progression. Some SARS-CoV-
2 variants might affect the clinical outcome of MIS-C in a negative manner, and some might

cause reduced inflammation reactions in children leading to the extinction of the disease.
MIS-C is a new disease which only emerged 3 years ago. In any case more research is needed

to acquire a deeper comprehension of the disease and develop better guidelines for

appropriate healthcare management.
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