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ABSTRACT: Earlier in its course, SARS-CoV-2 was primarily identified to cause an acute respiratory iliness in adults, the elderly and immuno-
compromised, while children were known to be afflicted with milder symptoms. However, since mid-April of 2020, latent effects of the virus have
begun emerging in children and adolescents, which is characterised by a multisystem hyperinflammatory state; thus, the term Multisystem
Inflammatory Syndrome in Children (MIS-C) was introduced by the WHO and CDC. The syndrome manifests itself approximately 4 weeks after
COVID-19 infection, with symptoms mimicking Kawasaki Disease and Kawasaki Disease Shock Syndrome. Demographically, MIS-C peaks in
children aged 5 to 14 years, with clusters in Europe, North and Latin America seen, later followed by Asia. Although the exact pathophysiology
behind the syndrome is unknown, recent studies have proposed a post-infectious immune aetiology, which explains the increased levels of
immunoglobulins seen in affected patients. Patient presentation includes, but is not limited to, persistent fever, rash, gastrointestinal symptoms
and cardiac complications including myocarditis. These patients also have raised inflammatory markers including C reactive protein, ferritin
and interleukin-6. In poorly controlled patients, the syndrome can lead to multiorgan failure and death. The mainstay of treatment includes the
use of intravenous immunoglobulins, steroids, immune modulators and aspirin. Adjunct therapy includes the use of low molecular weight hepa-
rin or warfarin for long term anticoagulation. Currently very little is known about the syndrome, highlighting the need for awareness amongst
healthcare workers and parents. Moreover, with increased cases of COVID-19 as a result of the second wave, it is essential to keep MIS-C in
mind when attending patients with a past history of COVID-19 exposure or infection. Additionally, once these patients have been identified and
treated, strict follow-up must be done in order carry out long term studies, and to identify possible sequelae and complications.

KEYWORDS: COVID-19, pandemic, multisystem inflammatory syndrome, pediatric, infectious diseases, kawasaki disease, pathophysiology,

management, workup

RECEIVED: February 4, 2021. ACCEPTED: May 30, 2021.
TYPE: Review

FUNDING: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this
article.

CORRESPONDING AUTHOR: Ayesha Farooq, CMH Lahore Medical College and Institute
of Dentistry, Lahore, PK-PB, Punjab, 54810, Pakistan. Email: aya.apa@gmail.com

Introduction

Severe Acute Respiratory Syndrome — Coronavirus type 2
(hereby denoted as SARS-CoV-2, or COVID-19) was ini-
tially detected in the province of Wuhan, China in December
2019. It spread rapidly throughout the world, and was later
declared a pandemic by the World Health Organization
(WHO).! Following the initial easing up of global lockdowns,
the spike in new COVID-19 cases has led to countries rein-
stating restrictions.? It comes as no surprise that COVID-19
has left its mark, not only in terms of infectivity and number
of deaths (44.6 million cases and 1.2million fatalities as of
October 30th, 2020),? but also in terms of its effect on global
markets and economies, as described by the International
Monetary Fund (IMF).*

In terms of disease burden, the WHO initially described 2
groups of people most susceptible to infection, that is, the
elderly and those with underlying health conditions, such as
asthma and diabetes, with severity increasing after the age of
40years. Additionally, it was found that the risk of infection

under the age of 20 is approximately half compared to those
over 20years of age.® Thus, there was a general consensus that
children (other than infants) were at a lower risk of severe
infection.”

However, this demographic was questioned once retrospec-
tive studies were initiated. One study found that symptomatic
COVID-19 infection was less common in children, even
though there was a higher incidence of asymptomatic cases
when compared to adults.® In addition, recent studies have
found more sinister findings in children suffering from the dis-
ease. A retrospective study in the city of Begarmo, Italy, found
a 30-fold increase in the incidence of Kawasaki Disease (KD)
following the outbreak of the pandemic. At the same time,
these new cases of KD had different epidemiological features
compared to classic KD, being seen in older children. Moreover,
50% of children diagnosed with KD fulfilled the criteria for
Kawasaki Disease Shock Syndrome (KDSS).? Another study
in the UK found children with a hyperinflammatory shock
syndrome, with similarities to KD and KDSS. These children
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also had cardiac complications including coronary artery aneu-
rysms (CAA).1° Studies carried out in other regions of the
world such as the Americas and Asia have supplemented these
findings, with a multisystem inflammatory disorder docu-
mented in children who were either infected with COVID-19,
or were simply exposed to it.11

In light of these cases, both the Centre for Disease Control
(CDC) and WHO have made preliminary case definitions for
the term Multisystem Inflammatory Disorder in Children and
Adolescents (MIS-C), associated with COVID-19 infec-
tion.'213 While the criteria overlap significantly with that of
KD, atypical KD and Toxic Shock Syndrome (TSS)," there
are also distinct differences. Some these have been displayed in
Table 1.

Developing an understanding of the impact of COVID-19
on the paediatric and adolescent population is of prime impor-
tance, especially considering how the findings of recent studies
are now opposing those carried out earlier in the pandemic. As
the signs of MIS-C seem benign at first, like diarrhoea, vomit-
ing, fever and rash, it is necessary that they are given their due
importance and considered red flags. This is especially true in
patients who report a past history of COVID-19 infection or
exposure. The chronology of these symptoms must also be
taken into consideration, given the proposed post-infectious
nature of the syndrome, with a high index of suspicion in cases
presenting approximately 1 month after having COVID-19.11

Given that the spike in new COVID-19 cases is rampant, it
is plausible to consider a second spike in MIS-C cases. It is
therefore imperative that not only specialists, such as paediatri-
cians and cardiologists be made aware of MIS-C, other health-
care workers should also include this syndrome in their
differential diagnosis. Moreover, as it affects children and ado-
lescents, public health campaigns are needed to make parents
aware of the possible sequalae following COVID-19
infection.

The aim of this review article is not only to summarise cur-
rent data available on MIS-C, but also to provide a compre-
hensive work-up and management plan for dealing with a
patient suffering from the syndrome.

Methodology

An independent review team was made to minimise bias, who
identified relevant articles from PubMed, Google Scholar,
Wiley Online Library, Medscape and Science Direct. The fol-
lowing search terms were used for identifying articles: ‘corona-
virus’, ‘multi-inflammatory syndrome’, ‘hyperinflammatory
state’, ‘MIS-C’, ‘Kawasaki disease’, ‘epidemiology’, ‘clinical
presentatior’, ‘laboratory diagnosis’, ‘treatment’, ‘clinical trials’,
‘immune modulators’, ‘workup’, ‘pathophysiology’ and ‘immu-
nopathogenesis’. In addition to research articles, the team also
investigated data from the websites of organisations including
the CDC and WHO. Relevant information was also extracted
from news websites such as the British Broadcasting Channel

(BBC), and from hospital websites like the Children’s Hospital
of Philadelphia (CHOP) and Health Service Executive
(HSE).

The literature for this article was reviewed over a period of
2months, from 15th August 2020 to 15th October 2020. As
data on MIS-C is ever-emerging, a member of the review
team continued searching for relevant studies until the final
manuscript was completed, in order to ensure all literature was
up-to date.

The aim of the review team was to include full length arti-
cles in the English language. Studies published in 2020 were
preferred due to their relevance. Articles containing definitions
for MIS-C were shortlisted, in addition to studies focusing on
epidemiology, differences between MIS-C and KD, patho-
physiology, workup and treatment. Case studies were also
included in literature, with a focus on those articles which ini-
tially documented a KD-like illness after the outbreak of
COVID-19.

The data collected was then handed over to the most expe-
rienced member of the review team for evaluation. Five papers
were excluded as their full text was unavailable, and a further 6
were disregarded on the basis of irrelevant information. A total
of 62 texts were included in the review.

Review
Epidemiology

The phenomenon of MIS-C was initially documented in
Europe and North America, although cases in other parts of
the world have also begun emerging. Ethnicities majorly
affected include those of African or Afro-Carribean descent, as
well as Hispanics/Latinos. This is in contrast to KD, which is
typically prevalent in East Asia 101415

Older children are more commonly affected, with peak inci-
dences in 5 to 14 year olds, with slightly higher male prepon-
derance.’® According to the WHO, the cut-off age is 19 years, 3
while the CDC accommodates up to the age of 21.12
Contrastingly, KD occurs more commonly in children less than
5years.16

Furthermore, it is important to note that the incidence of
MIS-C, although associated with COVID-19 infection, does
not peak at the same time as COVID-19 does. Studies have
found there to be a gap of 4weeks in between increased cases

of COVID-19 and MIS-C.1

Pathophysiology

In order to understand the pathophysiology of MIS-C, it is
important to examine the structure and mechanisms of the
SARS-CoV-2 virus. The coronoavirus is a single stranded
RNA virus, divided into 4 genera, namely; a, B,y and 8.7 The
B genus incorporates the SARS-CoV-2 virus, and is also
responsible for the previous outbreak of SARS and the Middle
East Respiratory Syndrome (MERS).8



"] uluodoy ‘L u] ‘g adA} sniineuol0o-awoIpuAs Aloyelidsal 8Inoe 81aAss ‘g-\0D-SHYS ‘uonoeal ureyo aselswAjod-uonduosuel) asianal ‘4Od-1Y ‘ewi unseidoquioly) fended ‘1 | 4 ‘ewn uiquiolylold ‘| d ‘epndad onainuyeu
adA)-g-oid jeuiwisl-N ‘dNgoid-1 N ‘eseusboipAyap ayejoe| ‘HQT ‘9 upnapisul ‘9| ‘ejes uonejuawipas ajkooiyihie ‘Y3 ‘Aydesbolpresoyos ‘OHOT (ulejoid aAoeal-) dyD ‘OSEBasIp SNIIABUOI0D ‘6L-AIAOD :Suolelraiqay
i’ 18 uewpaald z,‘0do 4, [e 18 Buelr :s821nos

Farooq et al

annebaN

saljljewlouge

Alepe Aeuolsod

pue Jans} aney sjuaied
g ‘uoniuep aseo
198W 10U S80p ssau|||

skepg= Jona4

paiyoads JoN

0ao

IMVSYMVM

J13TdINOONI/TVOIdALY

annebaN

sebueyo Anweainxs
jesoyduad () sebueyo
|ESOONW [BIO (Al) UOIOBJUI
[eanounfuod fessje|iq (1)
(Jo10WeEIp Ul WG| ISe”)
1) AyredouspeydwA|
[e21AI90 (11) ysed (1) :§
Buimoyjoy 8y} Jo 1 1se8| 1Y

skepG= Jona4

payoads JoN

0ao

3SV3SIA IMVSYMVM

61-AIAOD Yim siuaiied yum joejuod Ajgy Jo ‘(eamsod
ABojoiss 10 158} Usbiue ‘4od-14) 61-AINOD 10 8ouUspIng

annebaN

SOWOIPUAS
o0ys |e220000}dal}s 1o [e20020]Aydess ‘sisdes |eliejoeq
Buipnjoul ‘uoeWWEUL JO 9SNEBD [BIGOIOIW SNOIACO 18Y}0 ON

uluolojeosold
10 44D ‘YS3 Sk yons uonewwejul Jo Siaylew pajess|3

(ured [euiwopqe

Jo ‘Buniwon ‘esoyuielp) swajqoid [eunssjulolised anoy (A)
(stowip-q parensld ‘1 1d ‘1d Aq) Ayredojnbeoo Jo eouaping
(n1) (dNgoJd-1N/LUL paleAs)s Jo sBulpuly OHO3 Buipnjour)
salllewlouqe A1euolod Jo ‘siinAjeA ‘siipeoliad ‘uonounisAp
[eipsesoAw Jo sainyead (1) ¥o0ys Jo uoisusjodAH

(1) (198} 40 Spuey ‘|BIO) UOBWWEJUI SNOBUEBIND-0ONW

uo subis Jo siARoUN[uod Jusinind-uou |elale|iq Jo ysey (1)
:Buimoj|o} 8y} Jo g pue Jana4

shepg= Jona4

61-0

OHM

swoldwAs o} Joud

Sy)oaM UIyIM ainsodxa L-aIAOD 10 ‘sl
uabnue Jo ‘ABojoias ‘HOd-14 Ag uonosajul

2-N\OD-SHYVYS U928l J0 JUBLIND 10} BAIISOd

annebaN

sisoubelp aAljeuId)e ON

uiwnge moj pue sajfooydwA|

paonpal ‘sjiydoJinau payeas|s ‘91| 10 ‘HA
‘unulay Jewip-q ‘uiuopojeosold ‘usbouliqiy
‘ST ‘'dYD parens|s ue :Buimoi|o} oy}

Jo a1ow Jo | (0} paywi| jou Inq) Buipnjou)

(jreaibojoinau Jo ‘oibojorewlap
‘leunsajulosseb ‘oibojorewsey
‘Aiojesidsal ‘[eual ‘OeIpJeD :[SWolsAs
ueblio g=) JuUsWaA|oAUl WBlsAsNW

yum uonesijendsoy Buuinbai ssauji
919A8S A|[B21UID JO BOUBPIAS ‘UolieWIWEUl
Jo @ouapIAd Alojeloge| ‘Jena

Utg= Bunse| lans) annnoslgns
Jo 1odai 1o ‘Yg= 10} D,0'8E= Jona4

sieah Lg>

0ao

snieis 61-dINOO

ainyno poolg

BLI9}IIO UoISN|OX]

sloylew
Aorewwepu|

el8I0 onsoubelq

SNjels 1onse4
aby

Apog

‘ay leaidAre pue gy ‘(OHM) O-SIN (DaD) O-SIN usemiaq seouaiayip Aex pue suoliuyed | alqeL



Infectious Diseases: Research and Treatment

Of the structural proteins present on the virus’s surface, the
spike protein is of prime importance, being responsible for viral
entry into cells, via its S1 and S2 subunits. Additionally, it is
these subunits that have shown to adapt and diversify over
time, learning to evade the body’s immune system.!” Moreover,
the receptor binding domain (RBD) of the spike protein has
shown to have affinity for angiotensin converting enzyme 2
(ACE2), which can be found in the following organ tissues:
small and large intestines, kidneys, lungs, vascular endothelium
and testis. Their abundance in type I and II alveolar epithelial
cells account for the virus’s strong affinity for invading lung
tissue.’” Upon entry into the host cell, the virus begins to rep-
licate by attaching to host ribosomes and initiating protein
synthesis. The virions are then packaged in the Golgi appara-
tus, and later released out of the host cell.20

Infection with the SARS-CoV-2 virus also causes the
release of a number of cytokines. Dendritic cells (DCs) in the
lung parenchyma act as antigen presenting cells (APCs), thus
triggering the release of cytokines such as interferons (IFN),
interleukins (IL), tumour necrosis factor (TINF) and inflam-
matory chemokines. Afflicted alveolar macrophages and air-
way epithelial cells (AEC) also assist DCs in the formation of
cytokines, however to a lesser extent.?! Of these mediators,
IL-6, carries particular importance as it regulates the acute
phase response, as well as activating T helper 17 (TH17) cells
as part of the DC response. Moreover, studies have also shown
there to be a positive correlation between IL-6 levels and dis-
ease severity.?? These cytokines (IL-1, IL-6 and TNF-a) are
also notoriously known to cause fever.?? Finally, T killer cells
are activated from naive T cells; however, their responses have
been shown to differ with disease intensity. In cases of mild
disease, T killer cells under the influence of IL-2, IFN-I and
IFN-IIT undergo activation and clonal expansion. On the other
hand, in severe disease states, increased levels of IL-6, IL.-10
and TNF have been shown to reduce levels of circulating T
killer cells, contributing to the lymphopenic state seen in
severely affected patients.?* Individually, these factors play a
role in mediating the hyperinflammatory state seen in some
patients with COVID-19, while together they combine to
encompass the cytokine storm, which is a key element in the
development of MIS-C.2°

Additionally, the immunopathogenesis of MIS-C can be
linked back to the spike protein. Some studies have suggested
its behaviour as a super-antigen, similar to that of the entero-
toxin of Staphylococcus aureus, which could in turn activate
the cytokine storm, leading to a hyperinflammatory state.?®

The body’s humoral response also plays a key role in the
development of MIS-C. Children afflicted with MIS-C were
found to have elevated levels of immunoglobulin G (IgG) in
their blood, which was indicative of past infection, supporting
the idea that MIS-C is a post-infectious phenomenon,'-26 A
recent study found increased levels of IgG, IgA and IgM titres
specifically against spike protein several weeks following dis-
charge. Additionally, auto-antibodies were seen in these

patients which reacted not only to IgG and IgA, but also
against anti-La and Jo-1, which opens the door for compari-
sons with other autoimmune conditions like Sjogren’s syn-
drome. When further examined, these auto-antigens were
found abundantly in areas classically affected by MIS-C,
including cardiac tissue and intestines.?”

In summary, the pathogenesis of MIS-C can be described as
2-fold: (i) cell mediated and (ii) humoral mediated. APCs pre-
sent antigens to undifferentiated T cells, which then undergo
activation and carry out a number of functions including T killer
cell mediated cell death and T helper cell mediated cytokine
release, resulting in the cytokine storm. Additionally, spike pro-
teins on the viral surface act as super antigens, exaggerating the
host immune response. Antibodies are formed against viral anti-
gens causing the formation of immune complexes. Moreover,
autoantibodies are also formed against IgA and IgG, all together
causing a multisystemic inflammatory state.

MIS-C acts on a wide spectrum, affecting a multitude of
organ systems. Individually, its affects are as follows.

Cardiovascular System

The entry of the virus into cardiac tissue and the release of
cytokines results in not only endothelial injury, but also direct
myocardial injury. Endothelial injury has traditionally been rec-
ognised by raised levels of von Willebrand factor (vWF) in the
bloodstream; however, a recent study has pointed towards solu-
ble thrombomodulin being not only a marker of endothelial
damage, but also a prognostic indicator.?® On the other hand,
myocardial damage is characterised by a number of findings
such as increased Troponin T (TnT) and N-terminal pro-B-
type natriuretic peptide (NT-proBNP) levels in these patients.
Endothelial injury can lead to the formation of CAAs, while
direct myocardial injury can cause myocarditis,?’ as documented
in MIS-C patients. Many of these features correlate strongly
with KD, in which CAAs in the young are characteristic.’”

The pathogenesis of shock in these patients can also be
linked to the cytokine storm. A study by the American Heart
Association (AHA) found that patients suffering from acute
heart failure in the setting of MIS-C had raised inflammatory
markers such as IL-6. Additionally, these patients suffered
from left ventricular (LV) dysfunction (one-third of patients
had an ejection fraction (EF) <30%), thus requiring inotropic
support. However, myocardial stunning and/or oedema was
noted to be the probable cause of LV dysfunction, as opposed
to myocarditis.3

Gastrointestinal System and Liver Injury
A meta-analysis by The Lancet3! found that 15% of patients
with COVID-19 had gastrointestinal symptoms, while 19% of
patients had evidence of liver injury, highlighting the common-
ality of these complications.

The oesophagus and small intestine, in particular its proxi-
mal and distal enterocytes, have large numbers of ACE2 recep-
tors on their cell surface. It is therefore these cells that are
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preferentially affected. Moreover, ACE2 is known for playing a
role in gut homeostasis, including enzyme regulation and
amino acid uptake. Studies on mice have found inflammatory
changes and colitis in subjects with altered ACE2. As a result,
diarrhoea is a common symptom in patients with COVID-19,
and in-turn, MIS-C.3233 On the other hand, liver injury can be
due to a number of reasons, including direct viral injury, as well
as secondary injury due to the inflammatory response, and drug
toxicities. It is characterised by mildly raised hepatic enzymes

such as aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT").3!

Haematological Manifestations

Lymphopenia is a characteristic of COVID-19 which becomes
evident approximately 1 to 2weeks after the onset of symptoms.
Its exact pathogenesis is unknown, with theories including ACE2
mediated viral entry into lymphocytes causing cell death, as well as
secondary apoptosis due to the cytokine storm, and the release of
TNF-a.. Lymphoid tissue such as the spleen and lymph nodes can
also be similarly affected.3* Hypercoagulability is also a salient fea-
ture of both COVID-19 and MIS-C, with studies showing
patients having increased D-dimers and prolonged prothrombin
time (PT). Moreover, thrombocytopenia is also a common find-
ing, although as it was ‘mild’in 70% to 95% of patients with severe
COVID-19 infection, it is not a strong predictor of disease out-
come. Together, this combination of raised D-dimers, prolonged
PT and decreased platelet count, portray a picture similar to dis-
seminated intravascular coagulation (DIC). Additionally, post-
mortem studies have revealed thrombotic microangiopathies in
the lungs of affected patients. Thus, there is a combination of DIC
and thrombosis, putting patients at risk of thromboembolic events,
especially in the setting of immobility.'13>

Dermatological Manifestations

Multiple cases of COVID-19 have presented with rash.
Children have reported with erythematous-to-violaceous
rashes and chilblain-like lesions on the dorsal surfaces of their
hands and feet. It is also interesting to note that these were
their presenting findings, and polymerase chain reaction (PCR)
sampling was done based on a history of COVID-19 expo-
sure.’® The pathophysiology of these findings is not clearly
understood; however, some studies have pointed towards com-
plement mediated microvascular thrombotic injury as a poten-
tial cause, due to the discovery of C5b-9, C3d and C4d
deposition in the micro-vessels in affected patients.3”

Renal Involvement

Cells of the kidney, including proximal and distal tubular cells,
as well as podocytes, contain ACE2 receptors'® making them a
target for viral entry, which initiates destructive processes lead-
ing to Acute Kidney Injury (AKI). This can be due to viral
mediated cell death causing acute tubular necrosis (ATN), or as
a result of decreased renal perfusion secondary to the cytokine
storm and shock.38

Nervous System Involvement

The effects of SARS-CoV-2 on the nervous system are multi-
tude. ACE2 receptors present in neuronal tissues can help
account for neurological symptoms, including hyposmia, anos-
mia and ageusia. Studies on mice have shown high concentra-
tions of the virus in the olfactory bulb, as well as the basal
ganglia and midbrain.3? Alternative mechanisms of injury have
also been proposed, including the interplay between humoral
immune responses and the cytokine storm, as well secondary
injury due to hypoxia and hypotension. As a result of hyperco-
agulability, micro-thromboses also occur in these patients,
leading to neuronal injury, manifesting on a spectrum of confu-
sion and headaches, to overt encephalopathy, seizures and
delirium. Additionally, post mortems of these patients have
revealed neuronal hyperemia, oedema and degeneration. 04!

Respiratory System
The entry of the virus into pneumocytes causes alveolar cell
injury, activation of macrophages and the release of cytokines,
such as TNF-a, IFN, IL-6 and IL-8; together these can cause
a state of severe lung inflammation. However, severe respira-
tory symptoms are less common in MIS-C, as it develops after
COVID-19 subsides.!1:21

A summary of the findings in MIS-C patients have been
elucidated in Figure 1.

Workup

The workup for MIS-C is dependent on its timely diagnosis.
Definitions for the syndrome have been described by both the
WHO and CDC, as mentioned earlier, and the criteria should
be addressed at the patient’s first visit.

Following the diagnosis of MIS-C, it is important to carry
out certain immediate tests in the emergency department. In
cases of vitally stable patients suspected of having MIS-C,
CHOP has recommended the following blood tests: complete
blood picture (CBC), complete metabolic profile (CMP),
C-reaction protein (CRP) and erythrocyte sedimentation rate
(ESR). It is on the basis of these preliminary tests that the fur-
ther course of management is decided. On the other hand, in
patients who are vitally unstable and suspected of having MIS-
C, resuscitation carries primary importance, with the use of
volume expanders and vasopressors in shock-like states.*?

In case of deranged reports, it is suggested to carry out fur-
ther testing, which includes amongst others, the collection of
nasopharyngeal samples for the PCR of SARS-CoV-2.42 Upon
isolation and admission to the ward for stable and intensive
care unit (ICU) for unstable patients, it is recommended that a
full workup be done, in coordination with a multidisciplinary
team (MDT), consisting of immunologists, cardiologists, theu-
matologists, infections disease specialists and intensivists.!!

The workup in ward can be divided 3-fold; blood tests, fluid
analysis and imaging studies. For blood tests, the following are
recommended?6:43:
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Neurological

Anosmia, ageusia, confusion,
headaches, delirium,
encephalopathy, seizures

Cardiovascular
Myocarditis, pericarditis,
endocarditis, coronary artery
aneurysms, LV dysfunction,
shock, acute heart failure

Haematological
Lymphopenia, thrombocytopenia,
hypercoagulability, microangiopathies,
DIC-like illness, thromboembolic events

Figure 1. Pathological findings in MIS-C patients.
Abbreviations: DIC, disseminated intravascular coagulation; LV, left ventricular.28-41

Dermatological

Red-to-purple rashes, chill
blain-like lesions on dorsal
surfaces of hands and feet

Gastrointestinal and hepatic
Diarrhoea, colitis, vomiting,
abdominal pain, drug induced
hepatitis

Renal

Acute kidney injury

o CBC with differential

e Renal function tests (REFT)

e Liver function tests (LFT)

e Blood gases

e Cardiac markers: TnT, creatinine kinase (CK-MB), lac-
tate dehydrogenase (LDH), pro-BNP

e Coagulation profile: PT, partial thromboplastin time
(PTT), international normalised ratio (INR), D-dimers,
fibrinogen

e Inflammatory markers: CRP, ESR, IL-6, procalcitonin,
ferritin

e Blood culture

It is important to note here that blood cultures while negative
for MIS-C and KD, will be positive for T'SS, which is its major
differentiating point.!!

Fluid analysis consist of urinalysis and culture, as well as
stool analysis and culture in case of relevant symptoms such as

burning micturition or diarrhoea.** Imaging studies comprise
of chest x-rays, which may reveal ground glass opacities and
patches of consolidation in COVID-19 positive patients.*

Additionally, electrocardiography (ECG) and echocardiogra-
phy (ECHO) comprise of essential investigations, due to the
prevalence of cardiac complications in these patients.'® Adjunct
investigations include ultrasonography (USG) and computed
tomography (CT) abdomen, which should only be done in cases
where physical findings/history warrant further investigations.*3

A comprehensive model incorporating the aforementioned
has been shown below in the Figure 2.

Treatment

As with the workup of MIS-C, its management also requires
an MDT, with the involvement of specialists relevant to the
patients’ presentation, which may include paediatric cardiolo-
gists, rheumatologists, immunologists and intensivists.0:11
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Workup of MIS-C
I

Stable pa- Unstable patient e.g.
hemodynamic compromise

Treat along lines of sepsis i.e.

fluid resuscitation,
vasopressors

Preliminary laboratory
tests: CBC, CMP, ESR, CRP

Early investigations,
consider bedside ECHO

Deranged values

Additional testing: PCR for

COVID-19, cardiac enzymes,

ECG, pro-BNP levels, blood
cultures

Abnormal findings

| Isolate and admit to ward | | Isolate and admit to PICU |

| Completeworkup| | Mult'idisciplinaryteam|

Early involvement of immunology,
rheumatology, cardiac, infectious
disease, and intensive care team in
case of sudden deterioration

Imaging studies

Blood tests Fluid analysis

CBC with differential, RFTs, LFTs, Urinalysis, urine culture, CXR, ECG, ECHO, USG/CT
blood gases, cardiac markers stool analysis (in case of abdomen if relevant
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Figure 2. Workup for MIS-C patients.

Abbreviations: CBC, complete blood count; CK-MB, creatinine kinase-MB; CMP, complete metabolic profile; CRP, C-reactive protein; CT, computed tomography; CXR,
chest x-ray; ECG, electrocardiography; ECHO, echocardiography; ESR, erythrocyte sedimentation rate; Gl, gastrointestinal; IL-6, interleukin 6; INR, international
normalised ratio; LDH, lactate dehydrogenase; LFT, liver function tests; PCR, polymerase chain reaction; pro-BNP, pro-brain natriuretic peptide; PT, prothrombin time;
PTT, partial thromboplastin time; RFT, renal function tests; TnT, troponin T; USG, ultrasonography.'.26:42-44
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Similar to KD, the mainstay of treatment for stable patients
with MIS-C entails the use of aspirin and intravenous immu-
noglobulins (IVIG), which has resulted in complete recovery in
a number of cases.10-26

A general consensus for the treatment of MIS-C comprise
of a combination of (IVIG), steroids, immune modulators and
aspirin.26:45-49

Intravenous Immunoglobulins (IVIG)

Similar to KD, IVIG use is strongly recommended in MIS-C
patients; however, its exact mechanism of action is not clearly
understood. Nevertheless, IVIG therapy has shown to have
anti-inflammatory effects in MIS-C patients, with significant
reductions in inflammatory markers seen post-infusion.3? It is
also of note that recent studies have shown IVIG to be benefi-
cial in the management of myocarditis secondary to COVID-
19, highlighting the therapeutic range of the drug.”

Prior to initiating therapy, the patient’s cardiac status must
be assessed. If anomalous, IVIG infusion should be delayed.
The recommended dose of IVIG is 1 to 2g/kg in stable
patients, though in cases resembling KDSS, raised CRP
(>130g/dL), Asian race, admission ECHO with z-score >2.5
or presence of CAA, the dose can be increased to 2g/kg as a
single infusion, while concomitantly administering a 3-day
pulse of intravenous (IV) prednisolone.**3

Shock, Steroid Use and Respiratory Support
Patients suffering from shock benefit from fluid resuscitation,
steroid use, invasive monitoring, vasopressors, intubation and
mechanical ventilation. Extracorporeal membrane oxygenation
(ECMO) is known to be beneficial in patients suffering from
severe cytokine storm, cardiogenic or septic shock.#

High dose IV pulse of corticosteroids for 3 days have been
recommended in shock-like states, along with a single infusion
of IVIG at 2 g/kg.*” Additionally, steroids have been found to
be particularly useful in patients suffering from cardiac abnor-
malities, such as LV dysfunction.’® However, it is imperative
that in such cases, fluid overload be strictly avoided.”* The dose
of steroids increases according to disease severity, with one
study recommending a range of 2 to 30 mg/kg/day of methyl-
prednisolone, with higher doses suggested in sicker patients.
Tonotropic agents are also useful in patients suffering from
shock secondary to myocardial dysfunction, and include drugs
such as epinephrine and dobutamine.*

Mechanical ventilation can be useful in patients requiring
respiratory support.”> Despite appropriate medical therapy, it is
noteworthy that patients can progress to respiratory or cardiac
failure, requiring the need for intubation and use of ECMO.53

Aspirin and Therapeutic Anticoagulation

Aspirin has a key role in the therapeutic anticoagulation of
these patients. It is necessary that patients’ risk of thrombosis
be assessed and management be tailored accordingly.”® This is
especially true in patients with raised inflammatory markers,

D-dimers and fibrinogen. It is recommended that drug choice
and doses be carefully evaluated with guidance from paediatric
haematologists.!!

It is suggested that low dose aspirin (3-5mg/kg/day, not
exceeding 81 mg/day) be given to patients with MIS-C with or
without thrombosis (platelet count =450 000/pL.). This should
be continued until platelet count normalises or normal coro-
nary arteries are seen at least 4weeks after diagnosis.!>0

Other studies recommend an increased aspirin dose of 20 to
25mg/kg every 6hours (equating to 80-100mg/kg/day) be
given to patients with raised inflammatory markers (ferri-
tin>700mg/mL or CRP>30g/dL), or cardiac involvement.
The dose can later be tapered once the patient has been afebrile
tor =24 hours, returning to 3 to 5mg/kg as a single daily dose.*

Additionally, patients presenting with CAAs, or raised
D-dimers and fibrinogen are recommended to have low molec-
ular weight heparin (LMWH) such as enoxaparin, or warfarin
be added to their treatment regimen.*%5*

The z-score of CAAs should be calculated as they carry ther-
apeutic significance; a maximal score of 2.5 to 10.0 warrants
treatment with aspirin only. However, in cases were the z-score
is =10.0,a combination of low dose aspirin and an anticoagulant
such as enoxaparin or warfarin is recommended. These drugs
should be continued for at least 2weeks following discharge if
the patient suffered from thrombosis or had an EF <35%.%0

However, a discussion on aspirin is incomplete without
mention of its limitations. Newer studies are bringing into
question the efficacy of aspirin use in children, taking into con-
sideration their risk of developing Reye Syndrome. It is impor-
tant to note that aspirin — while effective in reducing the febrile
stage of KD — does not appear to play a role in reducing the
incidence of cardiac complications like CAAs.>5%¢

Immune Modulators/Biological Agents
Patients with increased levels of pro-inflammatory cytokines
including IL-1, IL-6 and TNF-a have shown to have stunted
responses to IVIG, aspirin and steroid therapy.1%11:26 Therefore,
it is necessary to include immune modulating drugs in treatment
regimens. These include anakinra (IL-1 receptor blocker), tocili-
zumab (IL-6 inhibitor) and infliximab (anti-TNF-a).11:47

The recommended dose of anakinra is 2 to 10 mg/kg/day,
which can be administered subcutaneously or IV, and is given
in divided doses every 6 to 12hours.>%* Its use not only
decreases the need for invasive ventilation, but also reduces
mortality. Moreover, as it has a quick onset and short half-life,
patients’ response to therapy can be assessed early, allowing
physicians to explore other treatment options if need be.*»57
However, administration of this drug requires regular monitor-
ing of LFTs as the drug is hepatotoxic in nature.’0>8

Tocilizumab, a monoclonal antibody targeting IL-6, has
garnered a substantial amount of attention during the pan-
demic, being administered in patients with severe pneumonia
in order to decrease their risk of invasive mechanical ventila-
tion.>” However, the use of this drug is still undergoing clinical
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trials, and has not yet been approved for standardised treatment
against COVID-19.” Criteria for it use have been made by a
number of bodies. The HSE recommend the use of tocili-
zumab in patients with suspected hyperinflaimmation in
COVID-19 if they fulfil all of the following prerequisites®:

1. Consideration of treatment after joint approval in a mul-
tidisciplinary team, preferentially in an ethically approval
clinical trial if possible

2. Confirmed COVID-19 pneumonia on X-ray/CT and at
least one of the following: Sa0,=<93% and/or PaO,/
FiO, <300mmHg

3. Established hyperinflammatory state, that is, signifi-
cantly raised markers of inflammation including CRP,
D-dimers and ferritin, which correlate with increased
IL-6 levels in these patients

4. Exclude any other infectious cause

When administered, its single dose is calculated by weight;
12mg/kg IV if <30kg, and 8 mg/kg IV if >30kg, with the
maximum dose being 800 mg.>

In order to assess response to therapy, serial monitoring of
inflammatory markers is recommended (ferritin, CRP, fibrino-
gen, D-dimers). IL-6 levels should also be monitored if possible.
Additionally, procalcitonin levels are useful in ruling out bacterial
superinfections. The adverse effects of tocilizumab include the
acquisition of bacterial, fungal and opportunistic infections, as
well as tuberculosis, along with causing livery injury.>%0

Infliximab is a TNF-a inhibitor, classically used in chronic
inflammatory disorders.® One case study examined the effect
of infliximab on a paediatric patient suffering from both
MIS-C and Crohn’s disease. As both involve the release of a
myriad of inflammatory factors, infliximab was chosen as an
ideal combating agent. Two doses were given: the first on day 8
of symptoms at a dose of 10 mg/kg IV, which resulted in reso-
lution of fever, tachycardia and hypotension on the same day.
The next dose was given 5 days later with the same strength. It
is also interesting to note that TNF-a levels dropped from
97.8pg/mL to 9.1pg/mL following the first infusion (refer-
ence range 0-22pg/mL).%2 Other studies have similarly docu-
mented the incorporation of infliximab in treatment regimens

of MIS-C patients.!!

Role of Antibiotics and Antiviral Therapy
As the symptoms of MIS-C overlap those of severe bacterial
infections, it is recommended that broad spectrum antibiotics
be added at the time of admission, and discontinued once bac-
terial causes have been ruled out/cultures become negative after
48 hours of admission.10:11:49,54

While some studies used a combination of vancomycin,
clindamycin and ceftriaxone as initial management,> ceftriax-
one alone is also sufficient in cases of mild illness. Additionally,
metronidazole is recommended for use in patients with pre-
dominant gastrointestinal symptoms. However, in shock-like

states, drug combinations are advised. One study suggested
combinations of vancomycin, clindamycin and cefipime, or
vancomycin, meropenem and gentamicin.*

The role of antiviral agents in patients with MIS-C is ques-
tionable. This is primarily due to the proposed post-infectious
pathogenesis of the syndrome, which entails the lack of active
viral replication. Nevertheless, they can be given in patients
who are PCR positive. The current drug being tested is remde-
sivir, which is given to children intravenously, at an initial load-
ing dose of 5 mg/kg (maximum 200 mg) on day 1, followed by
2.5mg/kg (100 mg maximum dose) daily for 9 days.*

Discharge Criteria

The general criteria for discharging MIS-C patients is based on
disease severity and clinical status. However, the following can be
included: lack of fever for 48 hours after discontinuing antipyret-
ics (except steroids), improvement of clinical symptoms such as
rash and diarrhoea, and/or normalisation of laboratory markers.*3
Additionally, patients must be off supplemental oxygen.!1

One study suggests the following criteria®:

e Down-going trend of inflammatory markers (CRP,
D-dimers, ferritin) for 3 to 4 days

o Decreasing TnT levels, currently <1.0 mg/mL

o Forty-eight hours oxygen and vasopressor free

e Normal ECG

o Acceptable antifactor-Xa levels if the patient is being
discharged on enoxaparin

e Adequate oral intake

e Controlled symptoms of heart failure if on medication,
and improved ECHO findings including improved

valve/wall function or normalisation of coronary arteries

Moreover, patients being discharged on steroids and/or biolog-
ics are given a 3-week tapering schedule.>* All MIS-C patients
are then advised to visit their primary care physician 2 to 3 days
following discharge. While recommended follow up with their
concerned specialist/s is after 2weeks, patients are advised to
return to the hospital if they suffer from fever (>100.4°F), have

recurring symptoms, or show signs of respiratory distress.*?

Cardiac Evaluation and Follow Up
While all patients are required to get an ECG done at presen-
tation, unstable patients are recommended daily ECGs during
hospital stay.!! On the other hand, stable patients should get an
ECG done every 48 hours, and then at every follow up visit. In
cases where conduction defects are noted, continuous teleme-
try/Holter monitoring is needed.”®

In patients where distal CAAs are suspected, cardiac CT
may be helpful. Cardiac magnetic resonance imaging (MRI) is
considered in patients 2 to 6 months after diagnosis, in those
who suffered from significant transient or ongoing LV dys-
function. It is helpful in discerning the cause of myocardial
injury (cytotoxic storm vs viral injury).!5*
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Figure 3. Treatment pathway of MIS-C.

Abbreviations: CAA, coronary artery aneurysm; CRP, C-reactive protein; ECG, electrocardiography; ECHO, echocardiography; ECMO, extracorporeal membrane
oxygenation; ESR, erythrocyte sedimentation rate; IV, intravenous; IVIG, intravenous immunoglobulin; KD, Kawasaki disease; LMWH, low molecular weight heparin;
MIS-C, multisystem inflammatory syndrome in children and adolescents; MRI, magnetic resonance imaging; WBC, white blood cell.45-53

An ECHO is advised at the time of admission, 7 to 14days in order to identify any late changes, such as coronary artery dila-
following presentation,and again after 4 to 6 weeks.>? Alternatively, tation.!1*” While the standard time recommended for follow up is
it can be done at the time of discharge, and again after 2 to 6 weeks 2weeks, this may be shortened for patients suffering from cardiac
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complications during hospital stay.*® Along with structural anom-
alies, this also includes patients with raised cardiac markers includ-
ing TnT and NT-proBNP. These patients must also be considered
for early follow up.>? Additionally, a repeat ECHO after 1year is
advised for these patients.™

Prolonged follow up with enoxaparin is recommended in
the following: patients whose z-score >10.0 requiring indefi-
nite use; those with documented thrombosis for at least
3 months, depending on resolution; and patients with current
moderate to severe LV dysfunction.”® In patients who suffered
from myocarditis, prolonged cardiac dietary restrictions and
avoidance of vigorous exercise is recommended.>*

Rheumatology and Infectious Disease Follow Up

A follow up in the rheumatology department is recommended
after 2 weeks with the following reports: CBC, CMP, CRP, fer-
ritin, D-dimer, TnT and fibrinogen.*

Patients should see an infectious disease specialist either
1week, or according to some, 4weeks after discharge. Similar
to other follow ups, basic laboratory tests should be on hand.#%4°

Live vaccines are to be avoided for approximately 11 months
following IVIG infusion. Additionally, the patient should be
given their flu shot if discharged during flu season.

A summarised version of the treatment can be seen below in

Figure 3.

Conclusion

MIS-C is an important sequela of COVID-19. Not only is
there a need for its awareness to be spread amongst health care
workers and parents alike, studies are also required in order to
tully understand this diverse syndrome. With the increasing
incidence of COVID-19 cases, it becomes even more impor-
tant to be vigilant about the inevitable spike in MIS-C cases.
Early diagnosis and treatment are key, along with strict follow
up. While laboratory studies are required to determine its exact
pathogenesis, long term clinical studies are needed to under-
stand its sequelae and possible complications. Lastly, symptoms
such as diarrhoea, fever and rash should not be neglected in the
paediatric and adolescent population, especially when accom-
panied with a past history of COVID-19 infection.
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