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Multisystem inflammatory syndrome in
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Abstract.
PURPOSE: The pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected over 43
million people resulting in over 1 million deaths. Approximately 2% of cases in the United States are children, and in most cases
the child is either asymptomatic or has mild symptoms. However, some pediatric cases can present with Multisystem Inflammatory
Syndrome (MIS-C). Understanding the epidemiology, clinical presentation, and management of MIS-C related to SARS-CoV-2
will help to streamline early diagnosis and treatment, particularly in pediatric patients with complex medical conditions.
METHODS: This scoping review adopted methods from the Joanna Briggs Institute (JBI) manual for evidence synthesis and
preferred reporting items for systematic reviews and meta-analyses extension for scoping reviews (PRISMA-ScR) guidelines.
Primary studies of patients meeting the Centers for Disease Control and Prevention (CDC) criteria for MIS-C from December 31st ,
2019 to Oct 5th , 2020 were identified using PubMed and Scopus. Articles were screened for eligibility, and data collection was
conducted on those fulfilling inclusion criteria.
RESULTS: Of 417 studies identified, 57 met inclusion criteria, accounting for 875 patients from 15 countries. Globally, 57% of
children affected with MIS-C were males. The median age was 9 years old, ranging from 6 months to 21 years. Forty-five percent
of the patients had underlying comorbidities including obesity and lung disease. Fever, conjunctivitis and GI symptoms were
common. Most MIS-C patients had high biomarkers including troponin I, N-terminal prohormone of B-type natriuretic peptide
(NT-proBNP), D-dimer, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white blood cells (WBCs), interleukin 6
(IL-6), procalcitonin, and ferritin. The treatment for most patients included IVIG and inotropic support.
CONCLUSION: MIS-C can be a unique and potentially life-threatening manifestation of SARS-CoV-2 in children and often
requires medical intervention.
Keywords: Multisystem inflammatory syndrome in children, MIS-C, multisystem inflammatory syndrome, PIM-TS, SARS-CoV-2,
COVID-19, coronavirus in children, kawasaki disease, kawasaki vasculitis, kawasaki-like multi-system inflammatory disease

1. Introduction
Since the first reported case in Wuhan, China, as
of October 5, 2020 there have been over 42 million
confirmed cases and 1 million deaths from COVID19 worldwide. Most patients develop mild respiratory
distress and recover without intervention. Older adults
and those with underlying diseases are more likely to
develop serious illness that involves other systems [1].
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Globally, children are far less likely to be affected
by and develop severe illness from SARS-CoV-2, with
patients less than 18 years old comprising only 2% of
confirmed cases in the US, 2.2% in China, 1.2% in Italy
and 0.8% in Spain [2–4]. For the majority of pediatric
patients, COVID-19 is asymptomatic or mild. In these
cases, the common clinical presentation includes mild
fever and cough. Unlike adults, children may experience gastrointestinal (GI) symptoms more often. Studies show that abdominal pain, nausea, and diarrhea are
the classic GI presentations in children [5]. The recommended treatment is supportive and oral hydration
therapy [6].
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However, SARS-CoV-2 can rarely progress to Multisystem Inflammatory Syndrome in Children (MIS-C).
The first cases, which consisted of several critically ill
children, were brought to attention in April 2020 by National Health Service in United Kingdom. These children presented with overlapping features of Kawasaki
Disease, a rare childhood vasculitis that leads to similar
mucocutaneous manifestations. Similar to Kawasaki
Disease, several organ systems can become inflamed
in MIS-C, including the heart, brain, skin, eyes and GI
organs. Due to the similarities between MIS-C and autoimmune diseases including Kawasaki Disease, diagnosis may be delayed [4,5]. In severe cases, the suggested treatment includes supplemental oxygen, mechanical ventilation, antibiotics, or antivirals [7]. Although rare in children, critical cases present with sepsis
and multiorgan failure [8]. Case studies worldwide report the severe form of the disease in children, referred
to as MIS-C, which presents similarly to Kawasaki Disease and toxic shock syndrome.
According to the CDC, MIS-C is defined as patients
under the age of 21 with fever for greater than 24 hours,
laboratory evidence of inflammation, severe illness that
requires hospitalization, more than two organ systems
involved, and positive SARS-CoV-2 infection (RT-PCR,
serology, or antigen test) or exposure to a COVID-19
case within 4 weeks prior to symptom onset [9]. In cases
of MIS-C, common clinical manifestations include rash,
conjunctivitis, GI symptoms, shock, and myocardial
dysfunction [7].
Data on symptomatic management of MIS-C patients is rapidly emerging. There exists at least one systematic review on MIS-C which included data through
June 2020 from 35 articles relating to 783 patients [10].
Roughly half of the primary studies included in the
systematic review by Radia et al. are reported in further detail here, as many did not meet eligibility criteria of this present study or did not report quantitative
laboratory data. While the review includes superficial
qualitative data on laboratory and radiological investigations, a quantitative synthesis of laboratory findings
was not included and several laboratory tests were not
reported. Additionally, the review appears to have implemented the World Health Organization (WHO) case
definition for MIS-C [11], which differs from the CDC
case definition for MIS-C [9] applied in the present
study. Another systematic review by Yasuhara et al. on
COVID-19 in children was published in July 2020 [12],
but MIS-C was not the primary focus as only 17 of
the 114 included patients satisfied the CDC definition
for MIS-C. All of the studies in that review pertain-

ing to MIS-C are included here in further detail. The
shortcomings of existing literature are addressed in this
present review by including the following: patient data
as recent as October 5, 2020 (which meets the CDC
case definition for MIS-C); a rigorous quantitative data
synthesis of laboratory investigations; and a discussion
of recent literature describing the potential urgency of
this condition.
This present study aims to clarify knowledge gaps in
the definition, clinical presentation, quantitative laboratory findings, and treatment regimens of MIS-C by providing a broad purview of available primary evidence
describing various characteristics of MIS-C. Furthermore, as this review foregoes a quantitative statistical
analysis, a critical appraisal of individual sources of evidence, and an assessment of publication bias, a scoping
review format was adopted for this study.

2. Methods
The Joanna Briggs Institute (JBI) manual for evidence synthesis was consulted in conducting this scoping review, which was completed using the preferred reporting items for systematic reviews and meta-analyses
extension for scoping reviews checklist (PRISMAScR) [13,14]. An a priori protocol was not used in this
study. However, study selection criteria were established during the initial literature review process.
2.1. Eligibility criteria
All primary studies, including case reports, that
positively identified children defined as age less than
21 years with a potential diagnosis of MIS-C in addition
to a positive SARS-CoV-2 PCR test result, SARS-CoV2 serum antibody assay, or epidemiologic link to person
who tested positive were included. Only reports published or accepted after December 2019 were eligible,
as MIS-C prior to this date is unrelated to SARS-CoV2. Studies that reported patients with negative SARSCoV-2 PCR or negative SARS-CoV-2 serum antibody
were excluded.
2.2. Information sources and search strategy
Sources and search strategies were developed after
an initial review of the available literature. Online literature searches were conducted in PubMed and Scopus
databases. The latest search was conducted on October
5, 2020. The search terms included were “Multisystem
Inflammatory Syndrome in Children.” After removing
duplicates, articles were screened for eligibility.
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2.3. Study selection
Studies were identified and screened for inclusion
criteria. They were excluded if they were published before December 31, 2019 (the date the WHO received
its first report of the novel coronavirus), had a study
population of age greater than 21 years, were unrelated
to SARS-CoV-2, were in-vitro/lab studies, or were editorials or commentaries. Remaining articles were assessed for eligibility by analysis of title, abstract, and
full-text when necessary. Articles were excluded if they
solely discussed management or pathophysiology of
MIS-C, contained no lab values, included cases with a
diagnosis other than MIS-C, or were time-course studies. Included articles were primary studies, such as case
reports, case series, and cohort studies that contained
demographical data, symptoms, laboratory values, and
management. All articles synthesized in this review
contained MIS-C cases that met inclusion criteria.
2.4. Data collection process and data items
Demographics including median age, location of
study, gender, comorbidities, symptoms, laboratory
investigation values, and treatments provided were
recorded for each study. The symptoms that were
recorded are: fatigue, fever, rash, abdominal pain, nausea, vomiting, nervous system involvement, conjunctivitis, tachycardia, chest pain, ventricular dysfunction,
cardiogenic shock, ventricular arrhythmia, coronary
artery dilation or ectasia, and upper or lower extremity
edema. Recorded lab values included troponin I, NTproBNP, CRP, ESR, procalcitonin, D-Dimer, WBC, IL6, and ferritin. The lab values were recorded by median
and the first (Q1 ) and third (Q3 ) quartiles comprising
the interquartile range (IQR = Q3 –Q1 ) in Microsoft Excel. The case reports were combined into one data set.
For each set of laboratory values from the case reports,
the median, Q1 , and Q3 were calculated in Microsoft
Excel for the case-study set. All values were recorded
in standard units. The number of patients in each study
with treatments were recorded. Data was extracted and
verified by one author on two separate occasions.

3. Results
3.1. Study selection
The PRISMA study selection flow diagram is shown
in Fig. 1. Four hundred seventeen articles were iden-
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tified through PubMed and Scopus. After duplicates
were removed, 345 records were screened by title and
abstract. Two hundred sixty-one records unrelated to
MIS-C due to SARS-CoV-2 were omitted. Eighty-four
full-text articles were assessed for eligibility, of which
27 were excluded. Excluded articles comprised of seven
that solely discussed clinical management of MIS-C,
six that did not report lab values or treatment, six that
solely discussed the pathophysiology of the disease,
five that did not satisfy criteria for MIS-C, two articles
that did not provide evidence of SARS-CoV-2 infection
or exposure, and one for which the English version was
not available [4,7,15–69].
Of the 57 articles, 28 were case reports, 29 were
larger observational studies or case series, and 16 reported whether patients had a comorbidity. Three studies did not specify gender and three did not specify age.
One study stratified the data based on MIS-C positive
versus SARS-CoV-2 positive patients. The 27 studies
that were published in the United States comprised of
patients that satisfied the CDC’s criteria for MIS-C. In
the 30 studies that were published outside the United
States, MIS-C was defined as SARS-CoV-2 positive
patients less than 21 years of age, with more than two
organs involved and presence of fever.
3.2. General characteristics
The general patient and study characteristics including patient number, gender, age, positive testing or epidemiologic link to SARS-CoV-2 as defined by the CDC,
and comorbidities are shown in Table 1.
3.3. Age, gender and comorbidity of MIS-C patients
The patient median age and IQRs are shown in Table 1. The median patient age of the observational studies ranged from 3.5 to 16 years, with Ng et al. [41]
reporting the highest median age of 16 years (IQR 13–
17). The largest age IQR was reported by Miller et
al. [22], with a median age of 7.3 years (IQR 0.6–20),
although this was not the largest study (Miller et al. n =
44, versus Feldstein et al. n = 186) [4,22]. Belhadjer et
al. [42] did not report the interquartile range.
There were a total of 875 patients included in this
review comprised of 492 males (56.6%) and 377 females (43.4%). Three studies did not report gender,
accounting for six patients (Table 1).
Four case reports, one case series, one observational
cohort, and 10 retrospective cohort studies reported comorbidities. Of the 544 patients assessed for comor-
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Fig. 1. PRISMA flow chart for study selection.

bidities, 245 (45.0%) had an underlying condition. Furthermore, the most common comorbidities were obesity (89 patients or 16.4%) and lung diseases consisting
of asthma and reactive airway disease (73 patients or
13.4%). Eighty-three patients (15.2%) had a different
underlying disease. Examples of other comorbidities
include diabetes mellitus and autoimmune conditions
such as systemic lupus erythematosus and Crohn’s disease (Table 1).
3.4. Clinical presentation
The clinical presentations of MIS-C patients are
shown in Fig. 2. Of the 875 patients, 803 (91.8%) presented with fever. GI symptoms were common and included abdominal pain (462 patients or 52.8%), vomiting (392 patients or 44.8%), and diarrhea (346 pa-

tients or 39.5%). Mucocutaneous symptoms were common in MIS-C patients with 385 (44.0%) presenting
with conjunctivitis and 334 (38.2%) with skin rash [70].
Less common in children were respiratory distress (183
patients or 20.9%) and neurological involvement (153
patients or 17.5%).
Cardiovascular symptoms included ventricular dysfunction (344 patients or 39.3%), tachycardia (161 patients or 18.4%), coronary artery dilation or ectasia (117
patients or 13.4%), cardiogenic shock (62 patients or
7.1%), chest pain (23 patients or 2.6%), and ventricular arrhythmia (3 patients or 0.3%). Additionally, upper or lower extremity edema was reported in 22 patients (2.5%). The implications of these cardiovascular
symptoms associated with MIS-C are addressed in the
discussion section, including suggestions from recent
literature on this topic.
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Table 1
Summary of study and patient characteristics

∗ exposure

to suspected/confirmed COVID-19 case within 4 weeks prior to onset of symptoms.
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Fig. 2. Clinical presentation of patients reported.

3.5. Laboratory values

3.8. Erythrocyte sedimentation rate

The reported laboratory values of all patients included in this review are illustrated in Fig. 3 through 5.
Figure 3 displays cardiac biomarkers by study, Fig. 4
displays inflammatory biomarkers by study, and Fig. 5
displays infectious biomarkers by study.

The median ESR values for all studies ranged from
roughly the ULN to over six times the ULN (Fig. 4A).
Furthermore, 11 of 12 observational studies reported
the Q1 ESR value to be above the ULN (reference value
0–20 mm/hr) [71]. In addition, all of the included case
reports stated an ESR value above the ULN. Miller et
al. [22] reported the largest IQR of 24–130 mm/hr with
median 69 mm/hr. Pouletty et al. [20] reported a median
ESR above the Q3 of all other studies, at 130 mm/hr
(IQR was not reported).

3.6. Troponin I
Median troponin I values ranged from 9.14 to
970 ng/L (Fig. 3A). Of the 38 studies that reported Troponin I values, 14 reported median values above the
reference range (0–150 ng/L), up to over six times the
upper limit of normal (ULN) [71]. Dioro et al. [28] reported the highest median troponin I value at 970 ng/L
(IQR 400–1600), and Toubiana et. al. [23] reported the
largest IQR of 10–6900 with a median of 282 ng/L.
3.7. N-terminal prohormone of B-type natriuretic
peptide
Zero studies reported a median NT-proBNP level
within the reference range (< 100 pg/mL) [71]. The
median NT-proBNP values ranged from approximately
the ULN to over 414 times the ULN. Jonat et al. [55] reported the largest range of NT-proBNP values (median
2052, IQR 23–70,000). Belhadjer et al. [42] reported a
substantially greater median compared to other studies,
at 41,484 pg/mL (IQR 35811–52475). All case studies
reported NT-proBNP values from 5 to 105 times the
ULN (Fig. 3B).

3.9. C-reactive protein
All but three studies reported the Q1 CRP value above
the reference range (< 10 mg/L), and all but two reported a median CRP value above 10 times the ULN
(Fig. 4B) [71]. Zero of the included case studies reported a CRP within the normal range. Jonat et al. [55]
reported the largest interquartile range, with an IQR
2.5–461.7 (median 184.7 mg/L). Ng et. al. [41] recorded
a substantially high median CRP compared to other
studies, and was the only median CRP value nearly
40 times the ULN, at 399 mg/L (IQR 328–403).
3.10. Interleukin-6
Of the studies that reported median IL-6 values, all
were above reference values (0–16.4 pg/mL), ranging
from 7 to 15 times the ULN (Fig. 4C). Riollano-Cruz
et al. [19] reported the highest median IL-6 value at
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Fig. 3. Median and IQR of cardiac biomarkers of patients by study.

253 pg/ml (IQR 99.9–311), and Toubiana et al. [23] reported the largest IQR of 4-1366 pg/mL, with a median
of 170 pg/mL. Nine cases studies reported IL-6 values,
and all were above the ULN.

3.11. D-dimer
All studies that reported D-dimer values had median
values substantially greater than reference range (<
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Fig. 4. Median and IQR of inflammatory biomarkers of patients by study.
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Fig. 5. Median and IQR of infectious biomarkers of patients by study.

400 ng/mL), from 1.5 to over 30 times the ULN [71].
Pereira et al. [28] reported the largest median value of
13,412 ng/ml and largest IQR of 1286–86,900 ng/mL.
All case studies that reported D-dimer values were
above the ULN (Fig. 4D).

3.12. Ferritin
Most studies reporting serum ferritin had elevated
median values compared to the reference range (36–
311 ng/ml for males > 6 years old and 36–92 ng/ml
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Fig. 6. Treatment and management of patients reported.

for females > 6 years old) [71]. Median values were
reported from the ULN to nearly 12 times the ULN.
Pereira et al. [72] reported the largest median value of
3660 ng/ml and the largest IQR of 469–35,976 ng/ml
(Fig. 4E).
3.13. Procalcitonin
All studies reported a median procalcitonin value
substantially greater than reference range (0.5–
1.99 ng/mL), from 3 to nearly 25 times the ULN
(Fig. 5A). Chiotos et al. [33] reported the highest median procalcitonin value at 49.19 ng/mL (IQR 15.16–
117.64). Toubiana et al. [23] noted the largest IQR of
0.1–448 ng/mL with a median of 22.5 ng/mL.

which was the most common treatment. Other antiinflammatory therapies included corticosteroids in 480
patients (54.9%), aspirin in 168 (19.2%), TNF-alpha
inhibitor (infliximab) in 9 (1.0%), Interleukin-1 antagonist in 64 (7.3%) and Interleukin-6 antagonist in 58
(6.6%). Cardiovascular inotropic support was also reported in 287 patients (31.8%). Invasive respiratory
support was provided in 191 patients (21.8%) and
non-invasive respiratory support was provided in 111
(12.7%). Additionally, Extracorporeal Membrane Oxygenation (ECMO) was reported in 58 patients (6.6%).
Anticoagulation therapy was reported in 288 patients
(32.9%). The antiviral therapy remdesivir was reported
in 36 patients (4.1%) and antibiotics were reported in
218 (24.9%).

3.14. White blood cell count
4. Discussion
Only three studies, Dufort et al. [40], Capone et
al. [39], and Mamishi et al. [57] reported WBC count
within reference range (4500–11,000 µL−1 ) [71]. The
highest median WBC was reported at 32.35 µL−1 by
Chiotos et al. [33]. Miller et al. [22] reported the largest
range in WBC count with a median of 14,580 µL−1
and IQR 3950–61,830. Of the sixteen case studies that
reported WBC values, twelve were above the ULN
(Fig. 5B).
3.15. Management
The reported interventions are illustrated in Fig. 6.
Of the 875 patients diagnosed with MIS-C, 622
(71.1%) received intravenous immunoglobulin (IVIG),

In most cases, SARS-CoV-2 is asymptomatic in children and requires hospitalization in 2% [2–4]. Severe
cases of MIS-C report overlapping features with toxic
shock syndrome and Kawasaki vasculitis, which may
be considered as differential diagnoses for this condition [73].
In this review, 57 studies of MIS-C patients confirmed to have positive testing or an epidemiologic link
to SARS-CoV-2 were compiled. These studies identified a total of 875 patients from 15 countries including the United States, United Kingdom, France, Italy,
Switzerland, Brazil, Chile, Saudi Arabia, Iran, Belgium, Norway, Czech Republic, Poland, Spain and India. While this study did not investigate discrepancies
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based on geographical location, this may be an opportunity for future research.
Of the included studies, more male MIS-C cases
were reported than female. Although any age can be
affected, it appears that the most commonly affected
age is 9 years old. The median ages from the reported
studies are between 3.5–16 years old. Of the studies
that reported comorbidities in patients, 45% had an
underlying medical condition. Although SARS-CoV-2
is known to cause respiratory disease, the most common comorbidity was obesity. Because MIS-C presents
similarly to autoimmune diseases, accurate diagnosis
may be delayed. While currently lacking evidence, it
can be speculated that MIS-C is more likely to affect
immunocompromised children. The fatality rate from
MIS-C is 2.5%, indicating that with early and proper
intervention, recovery is expected.
Spiking fever for several days is a common initial presentation of MIS-C. Interestingly, MIS-C patients commonly presented with GI and mucocutaneous
symptoms. This presentation is unique to children, as
adults exposed SARS-CoV-2 typically present with respiratory distress. As the common manifestations of mucocutaneous involvement of MIS-C include conjunctivitis and rash, the clinical presentation is sometimes
comparable to Kawasaki vasculitis.
The biomarkers of inflammation and infection included in this review (CRP, ESR, WBC, Procalcitonin,
Interleukin-6, D-dimer and Ferritin) were elevated in
nearly all patients who fit diagnostic criteria for MISC. It therefore stands that inflammation of organs is
a hallmark of MIS-C, which is a shared feature with
both toxic shock syndrome and Kawasaki Disease. Elevated cardiac biomarkers were also reported in several
studies. Median troponin I and NT-proBNP values were
above the reference ranges in many of the included
studies. Acute myocardial injury has been associated
SARS-CoV-2 infection and one study reported that 10–
20% of adult SARS-CoV-2 patients presented with myocarditis or ejection fraction decline [74]. Additionally,
several studies mention elevated cardiac biomarkers as
one of the hallmarks of MIS-C [4,75].
At least three recent studies have specifically addressed the cardiac manifestations of MIS-C, including the potential progression to cardiogenic shock and
need for intensive care [72,76,77]. In addition to acute
myocardial injury and myocarditis as identified in this
review, these studies also suggest that other cardiac
complications may include pericarditis, coronary artery
aneurysm, valve dysfunction, pericardial effusion, arrhythmia, ventricular dilation, decreased ejection frac-
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tion, and tachycardia. It has been suggested that the
myocardial dysfunction mechanism of heart failure in
MIS-C due to SARS-CoV-2 may be closely associated
with the inflammatory process resulting in myocardial
fiber distention and subsequent activation of BNP, rather
than a sequela of direct damage caused by the virus. In
either case, it is imperative that relevant diagnostic studies be obtained so that cardiovascular decompensation
can be identified before evolving to cardiogenic shock.
These may include plasma troponin or NT-proBNP,
echocardiography, or electrocardiogram. It is important
to note that severe cardiovascular abnormalities may
necessitate cardiopulmonary support, immunomodulatory and vasoactive agents, and anticoagulation which
can reduce the inflammatory response and mortality.
A recent study from a pediatric emergency physician
stresses the importance of involving a multidisciplinary
team including the emergency department, pediatricians
and pediatric specialists, and intensivists where clinical
instability is observed [76].
The most common treatment for MIS-C, however, is
IVIG. In many patients, IVIG was administered concomitantly with other anti-inflammatory agents. Additional treatment of MIS-C patients may also include inotropic support. In this review, 31% of patients received
intravenous inotropes, and management sometimes progressed to ECMO (7.7%).
Antibiotic and anti-viral treatments were also reported for the treatment of MIS-C. Broad spectrum
antibiotics were initially administered in cases where
SARS-CoV-2 was not suspected to be the offending
agent. In other cases, antibiotics were administered to
treat a co-infection after SARS-CoV-2.
As mentioned previously, two systematic reviews
have been recently published that include patients with
MIS-C [10,12]. However, this scoping review provides
additional insight into this rapidly evolving condition
as it includes several studies not included in either previous review, with MIS-C data through October 5, 2020
(compared to May 31, 2020 and June 20, 2020 in previous reviews). Furthermore, a thorough, quantitative
synthesis of laboratory investigations has not been previously reported and is performed here, including nine
serum biomarkers. In addition, recent literature describing cardiac manifestations of MIS-C and the potential
urgency of associated cardiovascular complications is
presented. This information may provide distinct value
to the field of pediatric physical medicine and rehabilitation. For example, in patients who are unable to communicate or where COVID-19 precautions may be compromised due to physical limitations as a result of an
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underlying condition, a prompt and accurate diagnosis
of MIS-C when appropriate may allow physiatrists to
intervene before complications such as cardiovascular
decompensation ensue.
Moreover, MIS-C has several features, both in clinical presentation and laboratory findings, that may overlap with typical findings in patients with neurological and neuromuscular conditions common to physical
medicine and rehabilitation. As many as 90 percent of
patients with cerebral palsy, for example, have clinically significant GI symptoms [78], and a gastrostomy
tube may complicate the recognition of GI symptom
etiology [79]. To further challenge physiatrists, several
common medications may also introduce confounding
factors that the healthcare team may have to decipher.
As just one example, baclofen used for spasticity may
adversely produce GI symptoms in over 10% of patients [80]. In addition to potentially masking the clinical symptoms of MIS-C, conditions in patients with
severe motor and intellectual disabilities (SMID) may
have elevated laboratory findings. Lower extremity deep
vein thromboses, for example, have been found to cause
asymptomatic elevated D-dimer findings in patients
with SMID [81,82]. In addition to laboratory findings
secondary to prolonged rest, decreased exercise as a
result of the COVID-19 pandemic may cause worsening musculoskeletal function and subsequent decline
in physical ability – presenting yet another long-term
challenge to the physiatrist and other members of the
rehabilitation care team.
Other constraints imposed as a result of epidemiological factors during the COVID-19 pandemic may
also delay the diagnosis of MIS-C in pediatric patients
undergoing physical rehabilitation. For example, in response to the COVID-19 pandemic, the emergence of
telemedicine has helped physical and occupational therapies remain accessible. However, this has created new
barriers, as objective measurements or maneuvers typically performed by a skilled professional may now
be vulnerable to the subjectivity of the patient’s caregiver [83]. It may therefore be beneficial for physicians
to discuss with their team and their patients’ caregivers
the common clinical symptoms of MIS-C outlined in
this review so that suspected cases may be swiftly assessed and managed accordingly.
The limitations of this scoping review, due to both
the study itself and the available data, are important to
consider. One concern might be that the data included
in this review did not report the stage of SARS-CoV-2
infection in relation to MIS-C diagnosis. For example,
some studies include subjects admitted to the hospital

during a “multisystem inflammatory state,” and were
tested for SARS-CoV-2 upon arrival. In other studies,
the method of SARS-CoV-2 testing was inconsistent
or undefined, including RT-PCR, serology, and serum
antigen testing. It remains unclear whether the subjects
had an active infection upon admission or had previously recovered from SARS-CoV-2 infection. Although
patients with negative SARS-CoV-2 PCR or negative
SARS-CoV-2 serum antibody were excluded in this
review, MIS-C can arise as a manifestation of a current or previous infection of up to 4 weeks prior to the
onset of symptoms, as defined by the CDC. Additionally, the immunological statuses of the study subjects
were not reported, which may obscure the differences
in MIS-C presentation between SARS-CoV-2 infected
patients. Homogeneity of SARS-CoV-2 testing could
aid in eliminating confounding variables for patients
whose multisystem inflammatory states are, or are not,
a direct sequela of the virus.
Another potential limitation may include studies that
do not demarcate whether patients received one or multiple interventions. Some studies include the number
of subjects receiving a given intervention, but do not
address overlapping management plans that include a
combination of one or more interventions. This information, if reported in future studies, could strengthen
the external validity of review studies on this topic.
The design and implementation of this current study
offers another possible source of uncertainty. While the
JBI manual for evidence synthesis was consulted and a
PRISMA-ScR checklist was used, an a priori protocol
was not established, study selection and data extraction
was not run in duplicate, and individual study funding
was not reported or investigated. Future studies that
address these concerns are warranted and will further
benefit the scientific community.

5. Conclusion
In this scoping review, 57 articles including pediatric patients diagnosed with MIS-C were reviewed.
Due to diagnostic criteria, nearly all patients will show
laboratory evidence of inflammation, and some may
also have elevated cardiac enzymes. Differential diagnoses to consider may include toxic shock syndrome
and Kawasaki Disease. Most patients are treated with
IVIG, and MIS-C rarely progresses to death.
Considering the potential severity of this condition,
including fatality, it is our recommendation that children follow CDC guidelines on preventative measures
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in order to protect themselves and others. As of the date
of submission of this manuscript, current CDC guidelines for children 2 years and older include wearing a
mask that covers the nose and mouth when in public
settings where it is difficult to maintain social distancing guidelines. The CDC also recommends cleaning
and disinfecting high touch surfaces daily, which include tables, chairs, doorknobs, light switches, handles,
toilets, and sinks. Laundering items including washable
plush toys is also recommended. Diligently following
CDC guidelines may reduce the risk of MIS-C, and
more research is encouraged on this condition.
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Appendix: Search strategy
Revised Research Question: What are the epidemiology factors, clinical presentation, and laboratory characteristics for multisystem inflammatory syndrome in
children (MIS-C) with exposure to coronavirus disease
(COVID-19)?
Revised Hypothesis: MIS-C related to SARS-CoV-2
has a distinct presentation detectable through clinical
findings and laboratory investigations, and is treated
with a regimen of immunosuppressants, IVIG and inotropes.

A document search was conducted on Scopus
(www.scopus.com) using the query string: TITLEABS-KEY (multisystem AND inflammatory AND syndrome AND in AND children) and limiting results to
after 12/31/2019.
Citations were exported as a BibTeX file and imported into Mendeley Reference Management Software.
The “Check for Duplicates” function was used after
compiling all reference data and subsequently reviewed
by title and abstract.

