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Introduction: Reports of multisystem inflammatory syndrome in children (MIS-
C), following severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection, have been increasing worldwide, with an incidence varying
significantly across studies based on the definition used for the diagnosis. At
our tertiary medical center in Lebanon, we encountered several cases that
presented a diagnostic challenge because they mimicked MIS-C but did not
meet the US Centers for Disease Control and Prevention (CDC) definition.
We decided to review these cases and describe their features in comparison
with cases that met the CDC criteria of MIS-C and those that had an
alternative diagnosis.
Methods: This is a retrospective chart review of subjects aged <19 years old
admitted to the American University of Beirut Medical Center (AUBMC)
between March 1, 2020, and May 31, 2021, with suspected or confirmed
MIS-C, following documented COVID-19 infection, with sufficient or
insufficient criteria for diagnosis. Subjects were classified into 3 groups:
“MIS-C”, “Near MIS-C” and “Alternative Diagnosis”.
Results: A total number of 29 subjects were included in our cohort. Fever was
present in all subjects. In the MIS-C group, evidence for cardiovascular system
involvement was the most common feature followed by the mucocutaneous
and gastrointestinal systems. In the “Near MIS-C” and “Alternative Diagnosis”
group, gastrointestinal symptoms were the most common with only one
patient with cardiac abnormalities and none with coagulopathy. Subjects
with typical MIS-C presentation had higher inflammatory markers when
compared to subjects in the other groups. Almost all the subjects had
positive IgG for SARS-CoV-2. Of the 29 subjects, the Royal College of
Paediatrics and Child Health (RCPCH) case definition would have identified
all suspected cases without an alternative diagnosis as MIS-C, whereas the
World Health Organization (WHO) and the CDC definitions would have
excluded 6 and 10 subjects, respectively.
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Conclusion: MIS-C presents a diagnostic challenge due to the nonspecific symptoms,
lack of pathognomonic findings, and potentially fatal complications. More research is
needed to fully understand its pathogenesis, clinical presentation spectrum, and
diagnostic criteria. Based on our experience, we favor the hypothesis that MIS-C has
a continuum of severity that necessitates revisiting and unifying the current definitions.

KEYWORDS

fever, COVID-19, SARS-CoV-2, multisystem inflammatory syndrome in children (MIS-C), Lebanon,

children, adolescents
Introduction

A novel coronavirus, the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), was recognized in December

2019 in China following the emergence of unexplained severe

lower respiratory infections in clusters of patients (1, 2). The

World Health Organization (WHO) has declared the novel

coronavirus (COVID-19) outbreak a global pandemic on

March 11, 2020 (3). The COVID-19 pandemic continues to

spread rapidly, presenting with a wide range of clinical

manifestations from asymptomatic to severe acute respiratory

distress syndrome, multiorgan failure and death (4). Initially,

the pediatric patients were largely overlooked during the

COVID-19 pandemic and were considered a low-risk

population, as they accounted for less than 8% of the total

cases, and the largest cohort with high morbidity and

mortality was reported in the elderly (5–7). In late April 2020,

reports from the United Kingdom emerged, describing

children who required admission to intensive care units due

to an unexplained multisystem inflammatory syndrome with

features resembling Kawasaki disease and toxic shock

syndrome (8). Subsequently, similarly affected children were

reported across Europe and the United States, associated

temporally and geographically with COVID-19 outbreaks (4).

When an increase in the pediatric COVID-19 cases associated

with hyperinflammation was described, the World Health

Organization (WHO), the US Centers for Disease Control and

Prevention (CDC), and the Royal College of Paediatrics and

Child Health (RCPCH) developed overlapping definitions of

the syndrome and named it multisystem inflammatory

syndrome in children (MIS-C) or paediatric multisystem

inflammatory syndrome—temporally associated with SARS-

CoV-2 (PIMS-TS or PIMS) (8). These definitions have

common elements, such as prolonged fever, multi-organ

dysfunction, elevated inflammatory markers, and recent or

current SARS-CoV-2 infection or exposure, however, they

slightly differ in many other criteria (8–11).

The epidemiology of MIS-C remains unclear, however it

appears to be a rare condition with an incidence <1% in

children infected with SARS-CoV-2 (12). The mortality and

morbidity in those patients differ significantly from the

benign course of COVID-19 in children. The majority had
02
previous SARS-CoV-2 infection or known exposure or

serologic evidence of SARS-CoV-2, supporting the hypothesis

that MIS-C represents an immune-mediated and dysregulated

post-infectious inflammatory response possibly triggered by

SARS-CoV-2 (13, 14).

Obviously, epidemiological data including incidence of MIS-C

and the clinical findings varied significantly across studies, based

on the definition used for diagnosis, with broader criteria leading

to reports of a higher incidence (8, 15). Despite the risk of

overdiagnosis, the true incidence of MIS-C may be significantly

higher due to the lack of clinical awareness and specific

diagnosis. Furthermore, diagnostic criteria were based on clinical

manifestations in children hospitalized with severe disease, which

may neglect mild cases (8).

As more cases are described in the literature, the clinical

heterogeneity of the disease and its wide spectrum are being

further understood. At present, our knowledge of this

inflammatory syndrome is incomplete and the available

results from published studies provide insufficient insights

into the full epidemiological, clinical, immunological, and

prognostic spectrum of MIS-C. Therefore, it is pivotal to

undergo further studies in order to obtain a better definition

of MIS-C, to optimize the characterization and the diagnostic

criteria, to assess its true impact and to generate the best

clinical and therapeutic approach, in addition to clarifying

short term and long-term outcomes.

Following a wave of COVID-19 infections in Lebanon, we

encountered several patients suspected to have MIS-C at our

tertiary medical center in Lebanon over a 15-month period.

Some of these patients presented a diagnostic challenge

because they mimicked MIS-C but did not meet the CDC

definition (9). We decided to review these cases and describe

their features in comparison with cases that met the CDC

criteria of MIS-C or those that had an alternative diagnosis.
Materials and methods

Study design

This is a retrospective chart review of patients with

suspected or confirmed MIS-C, following current or recent
frontiersin.org
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SARS-CoV-2 infection or exposure to a person with suspected

or confirmed COVID-19 infection, who had sufficient or

insufficient criteria for diagnosis. The study was conducted at

the American University of Beirut Medical Center (AUBMC),

located in Beirut, Lebanon, and was approved by the

institutional review board (IRB) at AUBMC (IRB ID: BIO-

2021- 0090). All patients were identified retrospectively, and

their charts were reviewed through medical records by looking

at the following ICD-10 codes for admission diagnosis: “Fever

of other and unknown origin”, “fever” and “multisystem

inflammatory disorder”. In addition, at least one of the

authors on this paper was on the Pediatric Infectious Diseases

(PID) service, which is consulted on cases suspected to have

MIS-C, for the duration of the study period. Therefore, we

used the PID service records to identify any patients that may

have been missed by the hospital medical record review.

All children and adolescents <19 years of age, admitted to

the hospital between March 1, 2020, to May 31, 2021 were

included in the study if they had suspected MIS-C on

admission. All included subjects had recent or past infection

of SARS-CoV-2 confirmed by real-time reverse-transcriptase

-polymerase -chain-reaction (RT-PCR) and/or serology.

Notably, COVID-19 vaccines were not available for children

and adolescents during the study period.
Subject classification

Included subjects were categorized into the “MIS-C group”

when they fulfilled the criteria for MIS-C CDC case definition.

Subjects who were thought to have MIS-C upon presentation

but did not fulfill the CDC criteria and had no alternative

diagnosis, were categorized into the “Near MIS-C” group. The

third group “Alternative Diagnosis” included subjects who

were initially worked up for MIS-C but ended up with an

alternative diagnosis.

In this study, categorization of subjects was based on the

CDC case definition for MIS-C throughout the whole analysis,

except for the first table of the analysis where subjects were

classified according to the three most recognized definitions,

the RCPCH, the WHO and the CDC.
Definitions

As the COVID-19 pandemic evolved in different countries,

the RCPCH, the WHO and the CDC had developed, based on a

limited number of cases, different definitions for the

multisystem inflammatory syndrome in children (Table 1) (9–

11, 16).

Different patterns of clinical presentation and organ system

involvement were present in our subjects and ranged from mild

to severe forms. Many subjects had mild upper or lower
Frontiers in Pediatrics 03
respiratory symptoms such as sore throat, nasal congestion,

rhinorrhea or cough, or very mild mucocutaneous symptoms

which were not clinically suggestive of significant organ

involvement. We described organ system involvement based

on the symptoms, clinical findings, and laboratory results (17).
Data collection

The data collection was performed by the study team at the

Center of Infectious Diseases Research Center (CIDR).

Variables recorded from admission to discharge were

extracted from the clinical records assuring anonymity and

confidentiality. Variables included demographics,

comorbidities, history of COVID-19 infection or exposure to

a COVID-19 positive person, presenting signs and symptoms,

associated comorbidities, physical examination findings,

laboratory tests, imaging reports, viral testing with SARS-

CoV-2 RT-PCR and serology tests, clinical course in the

hospital, management, and outcomes.
Statistical analysis

Descriptive analyses were performed using numbers and

percentages for qualitative variables and means with standard

deviation (SD) or median with range for continuous variables.

All statistical analyses were performed with the use of the

Statistical Package for Social Sciences (SPSS) program, version

25.0 for Windows (Armonk, NY, IBM Corp).
Results

In the 15-month study period, a total number of 29 subjects

who presented with a clinical picture suspicious of MIS-C were

included in our cohort, with a median age of 5 years.

Based on the RCPCH definition, 21 subjects fit the

definition of PIMS (MIS-C), but when the WHO and the

CDC case definitions were used, only 15 and 11 subjects,

respectively, fit the MIS-C definition (Table 2). Most of our

subjects were previously healthy; however, 24.1% of them had

preexisting medical conditions and comorbidities including

hematological malignancies, sickle cell disease, thalassemia,

hemophagocytic lymphohistiocytosis (HLH) or obesity. The

“Alternative Diagnosis” group included 8 subjects whose

workup showed other etiologies including drug-induced

pericarditis, salmonella or rotavirus gastroenteritis, adenovirus

or rhinovirus/enterovirus infection documented by multiplex

PCR respiratory panel, urinary tract infection (UTI), or

brucellosis. Overall, there was a male predominance (69%),

which was also noted in both MIS-C and “Near MIS-C”

groups (81.8% and 80% respectively). Almost 90% of the
frontiersin.org
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TABLE 1 Case definitions for Multisystem inflammatory syndrome in children.

CDCa WHO RCPCH

An individual aged <21 years presenting with:
• Fever >38.0 °C for ≥24 h or report of subjective fever
lasting ≥24 h

• Laboratory evidence of inflammation, Including, but
not limited to, one or more of the following: an
elevated CRP, ESR, fibrinogen, procalcitonin, d-
dimer, ferritin, LDH, or IL-6, elevated neutrophils,
reduced lymphocytes, and low albumin

• Evidence of clinically severe illness requiring
hospitalization

• Multisystem (≥2) organ involvement (cardiac, renal,
respiratory, hematologic, gastrointestinal,
dermatologic, or neurological)

AND
No alternative plausible diagnoses
AND
Positive for current or recent SARS-CoV-2 infection by
RT-PCR, serology, or antigen test; or exposure to a
suspected or confirmed COVID-19 case within the 4
weeks prior to the onset of symptoms

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.

A child presenting with persistent fever, inflammation
(neutrophilia, elevated CRP and lymphopenia) and
evidence of single or multi-organ dysfunction (shock,
cardiac, respiratory, renal, gastrointestinal or
neurological disorder) with additional features (see
listed in Appendix 1). This may include children
fulfilling full or partial criteria for Kawasaki diseaseb.
Exclusion of any other microbial cause, including
bacterial sepsis, staphylococcal or streptococcal shock
syndromes, infections associated with myocarditis
such as enterovirus (waiting for results of these
investigations should not delay seeking expert advice).
SARS-CoV-2 PCR testing may be positive or negative

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LDH, lactic acid dehydrogenase; IL-6, interleukin 6; RT-PCR, reverse transcriptase–polymerase chain

reaction; ECHO, echocardiography; NT-proBNP, N-terminal pro–B-type natriuretic peptide; PT, prothrombin time; PTT, activated partial thromboplastin time.
aAdditional comments: Some individuals may fulfill full or partial criteria for Kawasaki disease# but should be reported if they meet the case definition for MIS-C.

Consider MIS-C in any pediatric death with evidence of SARS-CoV-2 infection.
bCriteria for Kawasaki disease include persistent fever and 4 of 5 principal clinical features: erythema and cracking of lips, strawberry tongue, and/or erythema of oral

and pharyngeal mucosa; bilateral bulbar conjunctival injection without exudate; rash (maculopapular, diffuse erythroderma); erythema and edema of the hands and

feet and/or periungual desquamation; and cervical lymphadenopathy.

TABLE 2 Cases classification based on different definitions.

CDC, n
(%)

N = 29

WHO, n
(%)

N = 29

RCPCH, n
(%)

N = 29

MIS-C 11 (37.9) 15 (51.7) 21 (72.4)

Near MIS-C 10 (34.5) 6 (20.7) 0 (0.0)

Alternative
diagnoses

8 (27.6) 8 (27.6) 8 (27.6)

TABLE 3 Demographic and clinical characteristics of the patients.

Characteristics Total,
n (%)
N =
29

MISC,
n (%)
N =
11

Near-
MISC,
n (%)
N = 10

Alternative
diagnoses,

n (%)
N = 8a

Median age in
years (± SD)

5.0
(1.0–
17.0)

8.0
(3.0–
17.0)

4.0
(1.0–
17.0)

3.0 (1.16–13.0)

Gender

Male 20
(69.0)

9 (81.8) 8 (80.0) 3 (37.5)

Female 9 (31.0) 2 (18.2) 2 (20.0) 5 (62.5)

Comorbiditiesb 7 (24.1) 4 (36.4) 2 (20.0) 1 (12.5)

History of recent SARS-CoV-2 infection by RT-PCR or exposure to a

suspected or confirmed COVID-19 person

No 3 (10.3) 1 (9.1) 1 (10.0) 1 (12.5)

Yes 26
(89.7)

10
(90.9)

9 (90.0) 7 (87.5)

aThe alternative diagnoses found in our subjects were pericarditis, salmonella

or rotavirus gastroenteritis, adenovirus or rhinovirus/enterovirus infection,

urinary tract infection, or brucellosis.
bComorbidities included hematologic malignancies, Sickle cell disease,

Thalassemia trait, Hemophagocytic lymphohistiocytosis or obesity.

Khafaja et al. 10.3389/fped.2022.988706
subjects had history of recent SARS-CoV-2 infection by RT-

PCR or exposure to a suspected or confirmed COVID-19-

infected person within the 2 to 8 weeks prior to presentation

(Table 3).

Table 4 summarizes the clinical presentation of the subjects.

Fever was present in all subjects with a difference in the median

duration between the MIS-C group (6 days), the near-MIS-C

group (2 days) and the alternative diagnosis group (4 days).

Gastrointestinal symptoms were prevalent in the 3 groups.

Respiratory symptoms were most encountered in the MIS-C

group. When comparing the 3 groups, mucocutaneous

involvement was reported in 81.8% of subjects with MIS-C

while only 20% and 37.5% of the subjects in the “Near MIS-
Frontiers in Pediatrics 04 frontiersin.org
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TABLE 4 Clinical characteristics based on organ system involvement.

Organ system
involvement

MISC, n
(%)

N = 11

Near-
MISC, n
(%)

N = 10

Alternative
diagnoses, n

(%)
N = 8

Respiratory
involvementa

4 (36.4) 0 (0.0) 2 (25.0)

Gastrointestinal
involvement

8 (72.7) 7 (70.0) 6 (75.0)

Mucocutaneous
involvement

9 (81.8) 2 (20.0) 3 (37.5)

Cardiovascular
involvementb

9 (90.0) 0 (0.0) 1 (12.5)

Hematological
involvement

7 (63.6) 0 (0.0) 0 (0.0)

a6 patients did not have a chest x-Ray or Computed tomography (CT) of the

chest performed as they did not have any significant respiratory symptom;

one from the MISC group, 2 from the Near-MISC group, and 3 patients from

the “Alternative diagnoses” group.
b4 patients did not undergo echocardiography, one from the MISC group and 3

from the Near-MISC group.

TABLE 5 Laboratory tests.

Laboratory

results

MISC, mean/

(number of

tested patients)

(±SD)

Near-MISC,

mean/ (number

of tested

patients) (±SD)

Alternative

diagnoses, mean/

(number of tested

patients) (±SD)

Blood cell counts

White blood

cells (/cu.mm)

(N = 29)

19,271/11

(±12,058)

9,410/10

(±4,860)

11,975/8 (±4,072)

Platelets

(/cu.mm) (N = 29)

591,909/11

(±307,002)

291,800/10

(±86,672)

372,437/8

(±235,935)

Inflammatory markers

CRP (mg/L)

(N = 29)

176.6/11 (±95.6) 59.4/10 (±45.4) 95.3/8 (±118.2)

ESR (mm/hr)

(N = 14)

71.4/7 (±34.6) 34.7/3 (±8.3) 35.5/4 (±15.5)

Procalcitonin

(ng/ml) (N = 8)

6.4/7 (±3.6) — 0.6/1

Ferritin (ng/

ml) (N = 28)

909.6/11

(±1,040.8)

557.7/9

(±1,139.1)

137.6/8 (±56.2)

Interleukin-6

(pg/ml) (N = 4)

112.7/4 (±153.1) — —

Fibrinogen (g/

L) (N = 25)

4.5/11 (±1.9) 3.6/8 (±0.9) 3.8/6 (±1.5)

D-Dimer (ng/

ml) (N = 29)

3,038.9/11

(±1,623.3)

661.0/10

(±789.1)

731.7/8 (±287.5)

Cardiac markers

Pro-BNP (pg/

ml) (N = 16)

7,507.6/10

(±7,625.0)

268.0/2 (±66.5) 978.0/4 (±1,396.5)

Troponin T

(ng/ml) (N = 29)

0.055 (±0.069) 0.005 (±0.002) 0.007 (±0.008)

MISC, n/

number of

tested patients

(%)

Near-MISC, n/

number of

tested patients

(%)

Alternative

diagnoses, n/

number of tested

patients (%)

SARS-CoV2 RT-PCR at presentation (N = 29)

Negative 7/11 (63.6) 9/10 (90.0) 6 (75.0)

Positive 4/11 (36.4) 1/10 (10.0) 2 (25.0)

COVID IgM (N = 26)a

Negative 9/10 (90.0) 8/8 (100) 8/8 (100)

Positive 1/10 (10.0)b 0/8 (0.0) 0/8 (0.0)

COVID IgG (N = 26)a

Negative 1/10 (10.0)b 0/8 (0.0) 0/8 (0.0)

Positive 9/10 (90.0) 8/8 (100) 8/8 (100)

aCOVID antibodies were not tested in 3 patients, one patient who had acute

COVID infection from the MISC group and 2 others from the Near-MISC group.
bThis patient had acute COVID infection, he developed MIS-C almost 11 days after

infection.
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C” group and “Alternative Diagnosis” group, respectively, had

conjunctivitis, cracked lips, strawberry tongue or a rash

reported during illness.

Out of 23 subjects who underwent imaging (chest x-ray or

chest CT-scan), only 6 subjects had evidence of radiologically

confirmed pneumonia, of which 4 subjects belonged to the

MIS-C group. Echocardiography was performed in 25

subjects, where 9 out of 10 subjects in the MIS-C group had

positive findings including 55.5% with reduced ejection

fraction. One of these subjects had severe biventricular

dysfunction (ejection fraction <20%) with increased

pulmonary artery pressure requiring admission to the

pediatric intensive care unit (ICU) and the use of

vasopressors. Coronary artery dilation and pericardial effusion

were noted, respectively, in one and 4 subjects in the MIS-C

group. One subject from the “Alternative Diagnosis” group

had moderate pericardial effusion. This subject, known to

have hemophagocytic lymphohistiocytosis status four-months

post hematopoietic stem cell transplant, showed typical

findings of pericarditis for which he received steroids and

non-steroidal anti-inflammatory agents. None of the subjects

in the “Near MIS-C” group had cardiac involvement. Two

subjects with MIS-C developed pleural effusion, whereas none

of the subjects with “Near MIS-C” did. None of the subjects

had neurological involvement.

Laboratory parameters were reviewed as shown in Table 5.

Compared with the subjects with “Near MIS-C” and those with

alternative diagnoses, subjects with typical MIS-C presentation

had higher leukocytosis, platelet counts and acute

inflammatory markers, specifically C-reactive protein (CRP),

erythrocyte sedimentation rate (ESR), ferritin and D-dimer
Frontiers in Pediatrics 05 frontiersin.org
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(Table 5). Elevated troponin and pro-B-type natriuretic peptide

(Pro-BNP) levels were mainly detected in the MIS-C group with

mean values that were significantly higher than the values

reported for the remaining subjects. Among the subjects in

the “Near MIS-C” and the alternative diagnoses groups who

were serologically tested for SARS-CoV-2, 100% had positive

serology test results, mainly IgG, with or without positive RT-

PCR test results at one point during their illness whether

prior to their presentation or concomitantly. As for the MIS-

C group, out of the 11 tested subjects, SARS-CoV-2 IgG was

detected in 10 subjects. The remaining subject had positive

SARS-CoV-2 IgM and negative IgG as he developed MIS-C

around 2 weeks after infection and therefore SARS-CoV-2

IgG did not rise yet.

The outcome and management of patients are shown in

Table 6.

None of the 29 subjects required mechanical ventilation or

extracorporeal membrane oxygenation. On admission, empiric

intravenous broad-spectrum antibiotics were initiated in 91%

of the subjects with MIS-C vs. 30% of the subjects with “Near

MIS-C”. Blood and urine cultures were negative for all

subjects. Upon presentation, 3 subjects in the MIS-C group

presented with hypotension and/or cardiogenic shock

requiring ICU admission and inotropic support. In the MIS-C

group, all subjects (100%) were treated with intravenous

immunoglobulins (IVIG), 81.8% received methylprednisolone,

which was later shifted to oral prednisolone and tapered over

3 to 4 weeks. None of the subjects in the two other groups

received IVIG nor vasopressors. Enoxaparin was given to

63.6% of subjects with MIS-C who had severe ventricular

dysfunction, dilated coronary arteries, or markedly elevated

D-dimer level. The only subject in the “Near MIS-C” group

who received enoxaparin had a hematological malignancy and
TABLE 6 Complications, outcome and management.

Complications,
Outcome and
Management

MISC,
n (%)
N = 11

Near-
MISC, n
(%)

N = 10

Alternative
diagnoses, n

(%)
N = 8

ICU admission 3 (27.3) 0 (0.0) 0 (0.0)

Length of stay (in days),
median (range)

8.0 (1.0–
22.0)

3.0 (1.0–
5.0)

5.0 (3.0–19.0)

Treatment (N = 29)

Antibiotic therapy 10 (90.9) 3 (30.0) 4 (50.0)

IVIGa 11 (100) 0 (0.0) 1 (12.5)

Steroids 9 (81.8) 1 (10.0) 1 (12.5)

Aspirin 10 (90.9) 2 (20.0) 1 (12.5)

Enoxaparin 7 (63.6) 1 (10.0) 0 (0.0)

Vasopressors 3 (27.3) 0 (0.0) 0 (0.0)

aIVIG, intravenous immunoglobulins.
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markedly elevated D-dimer level. No mortality was

documented, all subjects recovered.
Illustrative cases

The clinical course of two representative subjects is shown

in Figures 1, 2, respectively. The first subject is a 4-year-old

patient with thalassemia trait who returned from a trip to

Turkey 3 weeks prior to presentation. He presented to our

center with high-grade fever of 6 days duration, nasal

congestion, and rash. Two nasopharyngeal RT-PCR tests for

SARS-CoV-2 in the preceding few days were negative. On

physical examination, he had bilateral nonexudative

conjunctivitis with limbic sparing and progressive

erythematous maculopapular blanching rash over his upper

and lower extremities. Laboratory work up was significant for

leukocytosis (26,000/mm3) with neutrophil predominance,

microcytic anemia, low albumin, prolonged prothrombin time

and International Normalized Ratio (INR), and elevated

inflammatory markers including CRP, procalcitonin, ferritin

and D-dimer. His SARS-CoV-2 serology yielded a positive

IgG indicating a previous infection. Echocardiography showed

mildly reduced ejection fraction, prominent coronary arteries,

as well as mild tricuspid and mitral regurgitation. He was

initially hemodynamically unstable requiring admission to the

ICU and inotropic support. He was started empirically on

broad spectrum antibiotics (vancomycin and ceftriaxone). The

patient was diagnosed with MIS-C based on the CDC case

definition and received IVIG, steroids and low-dose aspirin.

The second subject is a 12-month-old boy who presented to

the emergency department with a 2-day history of high-grade

fever, associated with vomiting, decreased oral intake and

urine output. His physical examination was remarkable for

pharyngeal exudates, but no cervical adenopathy. The

patient’s parents had COVID-19 infection around 3 weeks

prior to the onset of his symptoms, during which the patient

had one episode of high-grade fever and diarrhea but was not

tested. COVID-19 RT-PCR done on admission was negative

while SARS-CoV-2 serology yielded a positive IgG and

negative IgM. He had a WBC count of 13,900 /mm3 and CRP

level of 112.7 mg/L. He was admitted to the pediatric unit for

intravenous hydration and was started on aspirin as his

echocardiography revealed prominent distal left anterior

descending (LAD) coronary artery, with good biventricular

function, and no pericardial effusion. This patient did not

meet the full criteria for MIS-C and therefore was considered

as a case of “Near MIS-C”. It is remarkable to mention that

white count, platelet count, and inflammatory markers

improved significantly at two, five, and twelve days later. In

addition, the prominent distal LAD improved gradually on

follow up echocardiography evaluations performed at one,

three, and five months. However, it is worth mentioning that
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FIGURE 1

Clinical course of a 4-year-old with confirmed MIS-C. *Admission to Pediatric Intensive care unit and treatment administration including IVIG,
steroids, aspirin and antibiotics.

FIGURE 2

Clinical course of a patient with near MIS-C.
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no further investigations to rule out a possible viral etiology

were done since the patient clinically improved within two

days without substantial intervention and that the initial

presentation did not qualify for the diagnosis of Kawasaki

disease (only 2 days of fever, no lymphadenopathy, mucositis,

rash and never developed desquamation, or laboratory

findings of thrombocytosis or hypoalbuminemia).
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Discussion

In the current series of patients with, or suspected to have,

MIS-C, fever was present in all subjects including those from

the “Near MIS-C” and “Alternative Diagnosis” groups.

Cardiovascular system involvement was the most reported in

our MIS-C group followed by mucocutaneous and
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gastrointestinal systems involvement. A recent systematic review

also showed that cardiovascular and gastrointestinal symptoms

were most commonly seen in MIS-C patients (15), in addition

an Italian single-center study reported that 81% of their MIS-

C patients had cardiac involvement, confirming that the heart

along with the gastrointestinal system are most involved in

MIS-C patients (18). Gastrointestinal symptoms were similarly

encountered in the “Near MIS-C” and “Alternative Diagnosis”

group but none had clinical evidence of coagulopathy or

cardiac abnormalities except for one patient who was

suspected to have cyclosporin-induced pericarditis. Hence,

subjects with “Near MIS-C” did not meet the CDC case

definition criteria but were hospitalized for close monitoring

lest they develop additional organ involvement after their

initial presentation.

MIS-C presents a diagnostic challenge for the physician due

to the nonspecific early symptoms, lack of pathognomonic

findings, and potentially fatal complications. Our

understanding of the pathogenesis of this syndrome is

evolving but remains limited. Whereas genetic predisposition

to developing severe MIS-C has been demonstrated (19), the

true triggers for the severe inflammatory response seen in

otherwise healthy individuals with MIS-C and characterized

by increased plasma cytokine levels including IL-6, IL-8,

IFNγ, IL-17, TNFα, and IL-10 and the multilineage immune

cell activation remain unknown (20–24). A specific

immunopathologic signature and association with HLA alleles

were identified recently that may pave the way for the

development of more specific biomarkers (25). Importantly,

the magnitude of the inflammatory response in MIS-C

correlates with disease severity (23) and this raises the

possibility that this syndrome is actually a continuum of

clinical severity rather than an all-or-none response as the

current definitions seem to imply.

In the present study, we compared the RCPCH, the WHO

and the CDC case definitions (9–11). We found that the

RCPCH definition was more inclusive and identified all

subjects with MIS-C and “Near MIS-C” and excluded those

who had features of MIS-C but were found to have an

alternative diagnosis. The WHO and the CDC definitions

are more stringent concerning clinical manifestations and

the relationship with SARS-CoV-2 infection. In our case

series, the WHO definition identified more subjects in the

MIS-C group compared to the CDC definition, with few

subjects whom we classified as “Near MIS-C” as they did

not present multisystem dysfunction or did not have

persistent fever for ≥3 days as per the WHO definition. In

contrast to that of the WHO, the CDC definition excluded

few subjects of those included in the MIS-C group based on

the WHO definition, all failing to achieve the CDC

criterion concerning the multi-organ (≥2 organ systems)

dysfunction. Similarly, in a systematic review, Hoste et al.

observed that although the RCPCH definition included all
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cases, nevertheless both the CDC and WHO case

definitions were more selective, requiring multisystem

involvement and a proven association with SARS-CoV-2,

with the WHO definition including 97% of cases and the

CDC definition 62% (15). Clearly a more precise definition

for MIS-C based on a better understanding of the

pathogenesis and the identification of more specific clinical

and laboratory markers is needed.

The dynamic nature of this syndrome presents a further

challenge to the physician. In the literature, several cases were

reported to present with incomplete criteria initially but to

later develop typical findings including cardiac involvement

(16, 19). This has led us to hospitalize patients when the

diagnosis of MIS-C was highly suspected, to provide close

monitoring and rapid intervention when needed. This is

further confounded by the frequent presence of another

infection at the time of presentation. All the current

definitions include the lack of “alternative plausible diagnoses

(CDC)” (9), “other obvious microbial cause of inflammation

(WHO)” (11), or “any other microbial cause (RCPCH)” (10).

In our series, eight subjects ended up with an alternative

diagnosis: drug-induced pericarditis, UTI, respiratory tract

infections caused by adenovirus or rhinovirus/enterovirus, or

infection with brucella, salmonella, or rotavirus. In these

cases, the suspicion of MIS-C arose due to the temporal

association with COVID-19 infection or exposure and the

presence of commensurate clinical and laboratory findings

including elevated inflammatory markers and D-dimers. In

this regard, several questions present themselves for treating

physicians: (1) how extensively should they work up the

patient looking for an alternative diagnosis? (2) once

identified, is the alternative diagnosis sufficient to explain the

clinical presentation? (3) are the laboratory findings in

keeping with the alternative diagnosis, e.g., does a rhinoviral

infection explain the significantly elevated D-dimer level?

Finally, (4) does the identification of an alternative diagnosis

rule out the possibility of concomitant MIS-C? These

questions present dilemmas for the treating physician who

must decide on further treatment but has no discernible

answers. An extensive work up to exclude a microbial

infection may be necessary to rule out the majority of the

alternative diagnoses, e.g., multiplex PCR respiratory and

gastrointestinal panels that may not be readily available at

most hospitals especially in underprivileged locations.

Moreover, these additional tests present a significant

economic burden on the healthcare system. On the other

hand, not performing the extensive work up may lead to

overdiagnosis of MIS-C as patients may satisfy all the criteria

in the absence of an alternative diagnosis as reported

previously (26).

Whether the identification of an alternative diagnosis is

sufficient to explain the clinical and laboratory findings is not

always straightforward. For example, all our subjects
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demonstrated elevation in inflammatory markers specifically

CRP, ESR and D-dimer, which are nonspecific and overlap

with many other infectious and inflammatory diseases (27).

In the pre-COVID-19 era, and before the emergence of MIS-

C, obtaining laboratory values such as ferritin and D-dimer

for evaluation of febrile children was uncommon. In

pediatric patients, D-dimer is requested for a select group of

diagnoses including pulmonary embolism, disseminated

intravascular coagulation, or hyperthrombotic states (28),

however this is not the practice for other causes such as

rhinovirus, rotavirus, or salmonella infections. For that

reason, expected values for such tests in children with

common febrile illnesses remain unknown (27). This is

illustrated in the current series where we could not be

certain whether the alternative diagnoses found in some of

our subjects were associated intrinsically with elevated D-

dimer or this finding was due to concomitant MIS-C or a

recent COVID-19 infection. Not performing the D-dimer

level doesn’t seem to be a viable option as an increased level

is sometimes the only clue for MIS-C and coronary artery

dilatation (29). Thus, trending these inflammatory markers

in subjects with suspected MIS-C, even in the presence of an

alternative diagnosis, may help identify concomitant

diagnoses of MIS-C, prevent disease progression, and multi-

organ involvement (30).

Clearly, more research is needed to fully understand the

pathogenesis of MIS-C and to fully appreciate its clinical

presentation spectrum. Based on our experience reported

in the current series, we favor the hypothesis that MIS-C

has a continuum of severity where the most severe cases

present as Kawasaki disease-like picture or shock/

myocarditis and the less severe cases present with various

degrees of fever and hyperinflammation. The current study

is limited by its retrospective nature from a single center.

As a result, not all cases suspected to have MIS-C were

worked up to the same extent. Thus, larger prospective

studies are required to verify this hypothesis to provide

unambiguous answers. For example, current databases

recruiting MIS-C patients (31–33) should expand to

include subjects with “Near MIS-C” and even those with

an alternative diagnosis that may not fully explain all the

clinical and laboratory findings. This is going to be more

important as the pandemic wanes and the disease becomes

more sporadic presenting an even more difficult diagnostic

challenge for treating physicians.
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