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Abstract 

Background: Pediatric SARS-CoV-2 infection can be complicated by a dangerous 

hyperinflammatory condition termed multisystem inflammatory syndrome in children (MIS-C). 

The clinical and immunologic spectrum of MIS-C and its relationship to other inflammatory 

conditions of childhood have not been studied in detail.   

Methods: We retrospectively studied confirmed cases of MIS-C at our institution from March to 

June 2020. The clinical characteristics, laboratory studies and treatment response were 

collected. Data were compared with historic cohorts of Kawasaki disease (KD) and macrophage 

activation syndrome (MAS).  

Results: Twenty-eight patients fulfilled the case definition of MIS-C. Median age at presentation 

was 9 years (range 1 month to 17 years); 50% of patients had pre-existing conditions. All 

patients had laboratory confirmation of SARS-CoV-2 infection. Seventeen patients (61%) 

required intensive care, including 7 patients (25%) requiring inotrope support. Seven patients 

(25%) met criteria for complete or incomplete KD and coronary abnormalities were found in 6 

cases. Lymphopenia, thrombocytopenia, and elevation in inflammatory markers, D-dimer, B-

type natriuretic peptide, IL-6 and IL-10 levels were common but not ubiquitous. Cytopenias 

distinguished MIS-C from KD and the degree of hyperferritinemia and pattern of cytokine 

production differed between MIS-C and MAS. Immunomodulatory therapy given to MIS-C 

patients included IVIG (71%), corticosteroids (61%) and anakinra (18%). Clinical and laboratory 

improvement were observed in all cases, including 6 cases that did not require 

immunomodulatory therapy. No mortality was recorded in this cohort.  

Conclusion: MIS-C encompasses a broad phenotypic spectrum with clinical and laboratory 

features distinct from Kawasaki disease and macrophage activation syndrome.  
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Introduction 

Since the onset of COVID-19 pandemic, millions of individuals have been infected with severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and greater than 500,000 deaths have 

been recorded world-wide. SARS-CoV-2 affects every age group, although mortality correlates 

most strongly with advanced age as well as the presence of pre-existing medical conditions (1, 

2). Early studies from China demonstrated a generally mild course in children with COVID-19 (3, 

4), but recent reports from Europe and North America described a number of seriously ill 

children (5-10). In addition to cases that exhibit classic features of Kawasaki disease (KD), 

heterogeneous manifestations of systemic inflammation and shock are increasingly reported 

(11, 12). These cases have been categorized as Pediatric Multisystem Inflammatory Syndrome 

temporally associated with COVID-19 (PMIS) by the Royal College of Pediatrics and Child 

Health (13) and as Multisystem Inflammatory Syndrome in Children (MIS-C) by the World 

Health Organization (WHO) and the Centers for Disease Control and Prevention (CDC) (14, 

15). The risk factors that predispose some children to develop this inflammatory response to 

SARS-CoV2 infections are not fully understood. As in adults with COVID-19, a disproportionate 

proportion of MIS-C patients belong to minority racial and/or ethnic groups (5, 8-10). 

Identification of MIS-C is important because severe organ dysfunction and death have been 

reported in young patients (8, 9, 11). Timely initiation of immunomodulatory agents may help 

correct the hyperinflammatory state and prevent end-organ damage. However, our 

understanding of the clinical spectrum of MIS-C remains limited. Excessive production of 

inflammatory cytokines, as a direct reaction to the virus or as a post-infectious phenomenon, is 

linked to disease severity in adults (16). Corticosteroids and biologics that target the cytokines 

IL-1 and IL-6 are increasingly used to treat the cytokine storm associated with COVID-19 (17-

19). 
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Whether MIS-C reflects a parallel COVID-19-associated hyperinflammatory state in the pediatric 

population is an important question to investigate. Moreover, how the clinical and laboratory 

features of MIS-C relate to known syndromes of hyperinflammation and cytokine storm in 

children including KD and macrophage activation syndrome (MAS) has not been studied in 

detail. In this study, we describe 28 confirmed cases of MIS-C at Boston Children’s Hospital and 

discuss the immunologic findings and management of these patients. We compare the 

characteristics of this novel syndrome with historic cohorts of patients with KD and MAS.  

 

Results 

Clinical manifestations and Diagnostic findings of MIS-C  

Demographic and clinical manifestations of our cohort of MIS-C patients are summarized in 

Table 1. The median age was 9 years (range: 1 month – 17 years) and 57% were male. In this 

cohort, 18% of patients were Black and 43% were Hispanic, which contrasts with the state 

demographics (9% Black and 12% Hispanic) (20). Half (n = 14) of these patients had pre-

existing medical conditions including obesity (n = 4), asthma (n = 3), congenital heart disease (n 

=1), sickle cell anemia (n =1), mitochondrial disorder (n =1), autism (n = 1) and chromosomal 

abnormalities (n =1). Interestingly, two patients had a history of KD, one of whom had 

developed a coronary aneurysm with her earlier episode. The median duration of symptoms 

prior to hospitalization was 5 days. All cases had confirmatory evidence of SARS-CoV-2 

infection. PCR was performed from nasopharyngeal swab sampling for all patients and 17/28 

(61%) were positive. Nineteen patients were tested for antibodies and 18 (95%) possessed 

antibodies to the virus. 

Highlighting the severity of MIS-C, 17 patients (61%) required admission to the intensive care 

unit (ICU). Hypotension and/or shock were noted in 15/28 patients (54%) and inotropes were 
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required in 7 cases (25%). Common features of MIS-C included gastrointestinal symptoms 

(54%), conjunctivitis (57%) and skin rash (36%; Table 1). Unlike adults hospitalized due to 

COVID-19, less than half of our patients experienced respiratory impairment (defined by the 

requirement for supplemental oxygen or additional respiratory support). Non-invasive ventilation 

(bilevel positive airway pressure or continuous positive airway pressure) was provided to 7 

patients (25%) while 4 other patients (14%) briefly required supplemental oxygen by nasal 

cannula; no patient required intubation or extracorporeal membrane oxygenation. Evidence of 

acute kidney injury was found in 6 patients (21%).  

Echocardiogram identified left ventricular dysfunction (defined by ejection fraction <55%) in 11 

patients (39%), including two with an ejection fraction < 30% (Table 2). The prevalence of 

cardiac stress was further supported by elevated serum B-type natriuretic peptide in 

approximately half of cases. New coronary artery abnormalities were found in 6 cases (further 

discussed below). Chest X-ray noted focal consolidations or opacities in 10/26 patients (38%). 

Chest computerized tomography was obtained in 3 patients with respiratory insufficiency and 

demonstrated ground glass opacities (n = 2) and multifocal opacities (n = 1).  Abdominal 

ultrasound was performed for 6 patients and the results were notable for mesenteric adenitis (n 

= 2), trace ascites (n = 1) and increased liver or kidney echogenicity (n = 1 each).   

Laboratory features of our patients with MIS-C included elevated inflammatory markers, 

lymphopenia and thrombocytopenia (Table 2). Eighteen patients (64%) had low platelet count (< 

200 x 103/L; 5 patients < 100 x 103/L) while 21 patients (75%) had low absolute lymphocyte 

count (< 2 x 103/L). It is notable that no single inflammatory marker (C-reactive protein, 

erythrocyte sedimentation rate, procalcitonin or ferritin) was elevated in all cases, but each 

patient demonstrated elevation of at least one of these markers. The majority of patients 

displayed evidence of coagulopathy highlighted by elevated D-dimers (96%) and prolonged 

prothrombin time (62%). Features associated with ICU admission included hypotension, high 
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procalcitonin levels and elevated BNP levels (Supplemental Table 2). BNP levels correlated 

inversely with ejection fraction (Supplemental Figure 1). Taken together, these data illustrate the 

broad spectrum of clinical manifestations and disease severity in patients hospitalized with MIS-

C.  

 

Comparison of MIS-C and KD 

To understand the overlap between KD and MIS-C, we assessed the clinical and laboratory 

features of KD in MIS-C patients and compared them with the 40 consecutive cases of KD at 

our center between May 2019 and February 2020. Patients with MIS-C exhibited a broader age 

range compared with the early childhood predominance seen in KD (Figure 1A; Median 9 vs. 2 

years; p < 0.0001). The prevalence of each KD feature was numerically lower in MIS-C than in 

KD (Figure 1B). Two MIS-C patients had 4 clinical features consistent with a diagnosis of 

complete KD (Figure 1C). Among 13 patients with 2 or 3 features of KD, 5 met the supplemental 

criteria for consideration of incomplete KD. Eleven patients (39%) had  1 criterion of KD by 

history and physical exam (Figure 1C). Thus, 7/28 MIS-C patients (25%) met criteria for 

complete or incomplete KD. It is worth noting that during the study period between March 17 

and June 6, we also diagnosed 8 cases of KD that did not satisfy the definitions for MIS-C, an 

incidence of KD comparable to what has been observed at our institution in previous years 

(Supplemental Figure 2A).  

In the absence of a diagnostic test for KD, the development of coronary artery aneurysms 

confirms the diagnosis in patients who meet criteria for KD (21). New coronary artery 

abnormalities (defined as z score > 2.0) were found in 6 MIS-C patients (21%) compared to 

14/40 patients (35%) in the KD group (p = 0.12, Fisher’s exact test; Figure 1D). Details of these 

cases are provided in Supplemental Table 3. One patient with a pre-existing small aneurysm 
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from a prior episode of KD was not counted as a new event; the size of the aneurysm was 

unchanged from baseline and did not progress on serial echocardiography during the course of 

MIS-C. Two patients, including another with prior history of KD but no prior aneurysms, had 

dilation of coronary vessels (z score between 2.0 and 2.5 of the right coronary artery [RCA]). 

Small aneurysms as defined by a z score ≥ 2.5 - 5 (21) were found in four patients (z score = 

2.6 of the left anterior descending coronary artery, 3.0 of the left main coronary artery, 3.0 of the 

RCA and 3.6 of the RCA) who met two or fewer KD criteria, including one who did not meet any 

KD criterion. Whereas coronary aneurysms were present only in a few patients, ventricular 

dysfunction was common in MIS-C. Patients with MIS-C displayed significantly lower ejection 

fractions compared with the KD group (Figure 1E).  

Multiple laboratory features distinguished MIS-C from KD, including lower white blood cell count, 

lymphocyte count, platelet count and ESR (Figure 1F). Anemia was more common in KD. CRP 

levels were comparable while transaminase elevation was more prominent in MIS-C. Since 

BNP, ferritin, and D-dimer levels were not consistently obtained in our historic cohort of KD 

patients, we were unable to comment on the differences in these parameters between children 

with KD and MIS-C. Thus, the clinical spectrum of MIS-C overlaps with KD but also exhibits 

important differences; notably, ventricular dysfunction is more common in MIS-C and coronary 

artery aneurysms can develop in patients with few to no KD features.  

 

Immunologic features of MIS-C and comparison with MAS 

Studies of COVID-19 in adults have noted that lymphopenia and excess cytokine production are 

associated with disease severity (16). In our MIS-C cohort, the majority of patients exhibited 

reduced numbers of CD4+ and CD8+ T lymphocytes and NK cells, while B lymphocytes were 

reduced less consistently (Figure 2A). Baseline total antibody levels were largely preserved, 
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although mild hypogammaglobulinemia was found in several patients (Figure 2B). Serum 

cytokine analysis showed elevated IL-6, IL-10 and sIL2R levels as common features in MIS-C 

(Figure 2C, D).  

The constellation of cytopenias, coagulopathy, hyperferritinemia and elevated sIL2R levels is 

reminiscent of MAS, a cytokine storm typically associated with systemic JIA, infection and 

malignancy. Compared to a historic cohort of patients with MAS (associated with systemic JIA-

associated or infection; see Methods), the increase in sIL2R was less striking in MIS-C (median 

2,011 pg/mL vs. 5,099 pg/mL in MAS group; p = 0.02, Figure 2D). Ferritin levels were 

significantly higher in MAS group compared to MIS-C (median 4,594 ng/mL vs. 537 ng/mL; p < 

0.0001; Figure 2E). Unlike the log-fold increases typical for MAS (Figure 2F,G), IL-18 and 

CXCL9 (a surrogate marker for interferon-) were only mildly elevated in several MIS-C patients 

(all of whom required ICU admission and had ferritin > 1500 ng/mL), Overall, the immunologic 

features of MIS-C did not appear to closely resemble MAS.   

 

Treatment and outcome 

Currently, there is no standardized treatment for MIS-C. Treatment with immunomodulatory 

medications were administered to 22 of the 28 patients on average within 1.5 days of 

admission. Most patients (71%) received IVIG at a dose of 2 g/kg and 61% were given 

methylprednisolone at doses ranging from 1-4 mg/kg/day (Table 3). Anakinra (recombinant IL-1 

receptor antagonist) was used in 5 cases (18%) at doses ranging from 5-13 mg/kg/day, typically 

in patients refractory to IVIG and glucocorticoids. Anakinra monotherapy was used in one child 

with sickle cell anemia to avoid glucocorticoids, which are known to complicate vaso-occlusive 

pain crises (22). Clinical improvement was seen in all cases, with resolution of fever, cessation 

of inotrope treatment and improvement of inflammatory markers. In those treated with 
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immunomodulatory medications, fever resolved after 4.0 days (median) of admission and CRP 

invariably decreased (mean time to a 50% CRP reduction: 5.3 days). Ferritin and D-dimer did 

not respond as quickly to treatment as CRP and often remained stably elevated for several days 

before consistent declines were observed. The mean time to 50% reduction in ferritin and D-

dimer levels were 13.4 days and 7.2 days, respectively.  

The 6 cases with new coronary artery abnormalities were treated with IVIG (4 also received 

corticosteroids) and three showed normalization of coronary vessel size (z score < 2) after 

treatment. Another patient showed improvement of RCA dilation (from z score 3.1 to 2.2) and 

two patients had stable coronary aneurysm (z score  3.0) without further progression after 

treatment on follow-up echocardiogram studies. Interestingly, 6 patients in the cohort showed 

spontaneous improvement of fever and inflammatory markers without immunomodulatory 

therapy. Two of these patients were afebrile after admission and the median time to fever 

resolution in the other 4 patients was 2.5 days. Coronary artery dimensions were normal 

throughout the course of these 6 patients who were not treated.  

Remdesivir was given on a compassionate use basis in 7 patients and hydroxychloroquine was 

used in 1 patient. More than half of the cohort received at least one antibiotic. Due to the risk of 

thrombosis associated with COVID-19 (23) and evidence of coagulopathy in MIS-C, most 

patients also received anticoagulation therapy.  Six patients (21%) received aspirin alone, five 

(18%) received enoxaparin alone and 13 patients received both (46%). Low dose aspirin (3 - 6 

mg/kg/day was used most frequently (n = 14) while moderate dosing (20 - 50 mg/kg/day) was 

given to 5 patients. No thrombotic event was detected in our patients during their hospital 

course.   

With rapid diagnosis and treatment initiation, clinical outcomes in our cohort of MIS-C patients 

were generally favorable. The median duration of hospitalization was 8.0 days (9.5 days for 

patients that required ICU stay and 4.0 days for patients that did not receive ICU care).  Patients 
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treated with glucocorticoids were discharged from the hospital with a planned steroid taper that 

typically lasted for 2-4 weeks, as guided by continued improvement of symptoms and serologic 

markers of inflammation. All patients were discharged home and none had died. 

 

Discussion  

In the early phases of the COVID-19 pandemic, children were thought to be largely spared from 

much of the morbidity and mortality related to SARS-CoV-2 infection (3, 4). However, recent 

case series from Europe and the US have raised concerns about a hyperinflammatory process 

associated with COVID-19 in children, now collectively defined as MIS-C (5, 6, 8-10, 12, 24, 25). 

In addition to persistent fever and non-specific features of viral illness, these children may 

exhibit heart failure, shock and coronary artery abnormalities.  

Our initial experience with 28 cases at Boston Children’s Hospital showed that MIS-C spans a 

spectrum of clinical features with notable variability in age and severity. In comparison to reports 

focused on ICU patients (5, 12), our study captures a greater spectrum of MIS-C manifestations 

and immunologic findings by including all hospitalized patients who fulfill the case definition. We 

observed a striking overrepresentation of Black and Hispanic racial and ethnic groups, reflecting 

the disproportionate burden of illness that these minority groups are experiencing during the 

pandemic (26, 27). Preexisting conditions including obesity, asthma and heart disease are 

shared risk factors for MIS-C and COVID-19 in adults (28).  Unlike adults with severe COVID-

19, acute respiratory distress syndrome (ARDS) was not a feature in these children. Instead, 

MIS-C is associated with a preponderance of cardiac complications including ventricular 

dysfunction and coronary abnormalities. The degree of inflammation as measured by CRP and 

procalcitonin is much greater in MIS-C compared to children with COVID-19 pneumonia (3, 4).   

Clinical vigilance and early institution of multidisciplinary care were associated with a good 
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prognosis in our patients, although it is noteworthy that 6 patients in our cohort improved with 

supportive care alone, possibly indicating that immunomodulatory treatment may not be 

required for milder cases.  

While we noted features of KD in some cases, the severity of illness and ventricular dysfunction 

are uncharacteristic for KD and conversely, rash and conjunctivitis are common in viral 

syndromes and not specific for KD. Importantly, patients without prominent KD features 

developed cardiac complications, demonstrating the importance of cardiac evaluation for all 

MIS-C patients. Based on prior reports as well as our findings, a KD-like illness appears to be 

part of the clinical spectrum of MIS-C, but the spectrum further encompasses findings that are 

uncommon in KD. Remarkably, 2 of 28 patients with MIS-C had previously experienced KD, 

suggest potential shared genetic susceptibilities between the two conditions. On the other hand, 

the surprising absence of reported MIS-C-like illness in Asia, where KD is most prevalent, 

suggests that MIS-C and KD likely have distinct genetic predispositions. Genomic studies will be 

required to resolve the contribution of host genetics to the development of MIS-C.  Geographic 

differences, variabilities in population genetics and divergence of SARS-CoV-2 strains may 

further contribute to the pleiotropic hyperinflammatory phenotypes associated with COVID-19. 

Some of the laboratory findings in MIS-C are suggestive of a MAS-like cytokine storm. However, 

differences in the degree of elevation of markers such as ferritin, IL-18 and CXCL9 suggest that 

the pathogenic cytokines driving MIS-C likely diverge from those driving MAS. Interestingly, the 

immunologic findings in MIS-C are similar to the profile described in severe cases of COVID-19 

in adults. Profound lymphopenia and elevated levels of IL-6, IL-10 and sIL2R are all associated 

with disease severity in the adult COVID-19 population (16). However, IL-6 levels in our MIS-C 

patient are generally lower while IL-10 and sIL2R levels are higher compared to severe COVID-

19 in adults (16, 29, 30). Due to potential variations between assays, direct comparison of adult 

and pediatric samples is needed to confirm these observations.  While we did not measure 
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serum IL-6 in our KD and MAS cohorts, elevated IL-6 levels have also been linked to these 

conditions (31, 32).   

Massachusetts has among the most confirmed COVID-19 cases in the U.S., with more than 

100,000 cases reported (20). Community spread of the virus in the state was first noted in early 

March 2020 and peaked by late April 2020 for adults of all age groups (Supplemental Figure 

2B). Approximately 5% of confirmed cases were children under 19 years of age and the 

trajectory of pediatric cases lagged behind all adult age groups. Similar to reports from Europe, 

the recent influx of MIS-C cases at our institution occurred 3-4 weeks after the peak of adult 

COVID-19 (Supplemental Figure 2C). The earliest cases of MIS-C in our institution can be 

traced to as early as March 17, 2020. 

It has been hypothesized that MIS-C is an immune mediated post infectious process to SARS 

CoV-2. While more than 60% of cases had detectable viral nucleic acids from nasopharyngeal 

aspirates, the presence of antibodies to SARS-CoV-2 in the majority of patients supports an 

interval of at least 1-2 weeks between initial infection and the onset of MIS-C. It is possible that 

nasopharyngeal aspirates reflect viral fragments that persist past active infection. Studies aimed 

to culture live SARS-CoV-2 virus from MIS-C patients and a better understanding of the kinetics 

of antibody development to the virus are needed to better address this question.  

The outcome for MIS-C was generally favorable in our cohort, with cardiopulmonary support 

and aggressive management of systemic inflammation. No mortality was observed in these 28 

patients, whereas deaths have been reported in prior case series (5, 8, 9, 25). Our general 

experience with MIS-C is similar the observations from the latest cohort studies (12, 24, 25, 33, 

34); the frequency of coronary artery abnormalities in our cohort is also within the range (0 – 

24%) noted by these reports. Recognizing that comparative trials are not yet available in MIS-C, 

the use of corticosteroids, IVIG and anakinra was associated with improvement of the 

inflammatory process in our patients. IVIG was used preferentially in cases with KD criteria 
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based on its proven efficacy to prevent coronary aneurysms in KD (6).  IVIG was also used in 

patients with myocardial dysfunction based on its efficacy for myocarditis in children (35). We 

elected to use anakinra for cases that were refractory to IVIG and steroids due to its efficacy in 

treating systemic inflammatory conditions and the overall safety profile. We have extensive 

experience with anakinra in the treatment of sJIA and it has been utilized successfully to treat 

severe COVID-19 in adults (18, 36, 37). Therapeutic benefits of anakinra are also described in 

cases of myocarditis and KD (38, 39). Anakinra is efficacious in these conditions, despite the 

fact that IL-1 acts locally and serum IL-1 levels are often not detectable using standard 

assays. Further studies are required to determine which children warrant immunomodulatory 

treatment, to establish the relative efficacy of these agents, and to determine if individual agents 

are particularly effective against distinct manifestations of MIS-C.   

A limitation of our study was the retrospective focus on hospitalized patients, without a control 

group of pediatric COVID-19 patients who did not meet the case definition of MIS-C. We are 

only beginning to understand the pathophysiology of MIS-C, and the sensitivity and specificity of 

the CDC / WHO case definition are not yet established. Not all patients who meet the current 

criteria may necessarily require treatment, while others who fall short of the case definition may 

still be at risk of the complications of MIS-C. Larger studies are necessary to evaluate the full 

spectrum of pathology associated with COVID-19 in the pediatric population and to establish 

risk factors for MIS-C.   

In conclusion, we observed that MIS-C associated with COVID-19 is a hyperinflammatory 

syndrome with a broad spectrum of clinical manifestations and variable severity. MIS-C shares 

some features with inflammatory processes in KD and MAS, but also possesses distinct 

characteristics. Rapid diagnosis, multidisciplinary management and suppression of systemic 

inflammation is associated with a favorable outcome in most patients.   
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Methods 

Study Approval. We conducted a retrospective analysis of 28 hospitalized patients diagnosed 

with MIS-C at BCH between March 17 and June 6, 2020. This study was approved by the 

Boston Children’s Hospital Institutional Review Board (Boston, Massachusetts) and waiver of 

consent was granted for a retrospective study. Clinical manifestations and laboratory data were 

collected and analyzed without personal identifying information.  

MIS-C Diagnostic criteria. Each case was reviewed by at least four members of the 

investigational team. The diagnosis of MIS-C was confirmed using the case definition 

established by the CDC and the WHO (14, 15). Both CDC and WHO case definitions are 

provided in Supplemental Table 1. All 28 patients fulfilled the CDC criteria and 26 patients 

fulfilled both case definitions, reflecting the stricter definition of fever duration and multi-system 

involvement in the WHO case definition. Although most MIS-C cases in our cohort were 

diagnosed after establishment of the CDC and WHO case definitions in mid-May, retrospective 

application of the definitions identified cases fulfilling the criteria for MIS-C as early as March 17, 

2020 (Supplemental Figure 2C). 

Comparison with KD and MAS. We compared the MIS-C cohort with patients diagnosed with 

KD at our center from May 2019 to February 2020 (n = 40) and a patient cohort with MAS (n = 

25) collected between 2007 and 2019 (40). The MAS group comprised of patients with systemic 

juvenile idiopathic arthritis (JIA)-associated MAS (n = 17) and infection-associated MAS (n = 8). 

The diagnosis of KD was established using the 2017 American Heart Association Guidelines 

(21). The diagnosis of complete KD requires the presence of 4 or all 5 principal clinical findings 

while incomplete KD is considered in patients with 2 or 3 criteria with suggestive laboratory 

and/or echocardiogram findings. The diagnosis of systemic JIA was established using the 2004 

International League of Associations for Rheumatology (ILAR) Classification Criteria for JIA (41) 

and MAS was determined based on the 2016 ACR/EULAR Classification Criteria for MAS 
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complicating systemic JIA (42). While there is no formal definition for infection-associated MAS, 

all patients had a confirmed or likely source of infection, and met 4 or more of the 2004 

Diagnostic Criteria for Hemophagocytic Lymphohistiocytosis (HLH-2004) (43). Molecular 

genetics were performed in 6 of these patients and mutations associated with familial HLH were 

not found. Triggers of infection-associated MAS included Epstein-Barr virus (n = 3), influenza 

virus (n = 2), Group A Streptococcus pyogenes (n = 1) and unknown organism causing cervical 

lymphadenitis (n = 1) or pneumonia (n = 1).   

We separately compared the laboratory features of MIS-C with KD (Figure 2) and with MAS 

(Figure 3). Laboratory testing for each condition was guided by the standard of care. Therefore, 

laboratory parameters obtained from the different groups were not identical. For example, the 

MAS labs including sIL2R, ferritin, IL-18 and CXCL9 are not routinely ordered for patients with 

KD. 

Statistical analysis. Median and interquartile ranges were used to express continuous variables, 

while percentages and proportions were used to express categorical variables. The differences 

between two groups were analyzed using the Mann-Whitney U test. Categorical variables were 

compared using Chi-square or Fisher’s exact test. All tests were two-sided, and p < 0.05 was 

considered significant. Statistical analyses were performed using Prism 8.0 software (GraphPad 

Software, La Jolla, CA). 
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Table 1. Demographic and clinical characteristics of MIS-C patients A  

Number of patients 28 Details of hospitalization  

 CDC case definition 100%  Intensive care unit 61% 

 WHO case definition 93%  Inotropes 25% 

Demographics   Supplemental oxygen 43% 

 Age, median (range) 9.0 y (0.1-17)  Non-invasive ventilation 25% 

 Female (%) 43%  Invasive ventilation B 4% 

 White (%) 36% Clinical manifestations  

 Black or African American (%) 18%  Fever 100% 

 Hispanic or Latino (%) 43%  Conjunctivitis 57% 

 Pre-existing condition 50%  Gastrointestinal symptoms 54% 

 Duration of symptoms at admission 5 d (1-10)  Hypotension / shock 54% 

 Reported contact with COVID-19 29%  Skin rash 36% 

SARS-CoV-2 testing  100%  Mucositis 25% 

 SARS-CoV-2 serology + 95% (18/19)  Extremity swelling / erythema 21% 

 Nasopharyngeal swab PCR + 61% (17/28)  Acute kidney injury 21% 

      

      

A All 28 patients were included in percentage calculations unless noted otherwise.  

B Intubation was not required for any patient. One patient with tracheostomy at baseline required mechanical 

ventilation during the acute illness.  

  



23 
 

Table 2. Radiographic and laboratory finding in MIS-C patients A  

Echocardiography   Hematologic parameters  

Ejection fraction <55% 39% (11/28)   ALC < 2 x 103/mL 75% (21/28) 

 Dilated coronary vessel B 7% (2/28)   Platelets < 200 x 103/mL 64% (18/28) 

 Coronary aneurysm C 14% (4/28)   WBC > 10 x 103/mL 39% (11/28) 

Chest X-ray    Hemoglobin < 11 g/dL 32% (9/28) 

 Focal consolidation / opacity 38% (10/26)   WBC < 5 x 103/mL 25% (7/28) 

 Prominent vasculature 15% (4/26)   ANC < 2 x 103/mL 18% (5/28) 

Enlarged cardiac silhouette 8% (3/26)  Coagulation parameters  

 Pleural effusion 12% (2/26)   D-dimer > 0.5 mg/mL 96% (26/27) 

 Peribronchial thickening 12% (2/26)   Fibrinogen > 400 mg/dL 71% (15/21) 

Cardiac biomarkers    PT > 14.6 seconds 62% (16/26) 

 BNP > 100 pg/mL 52% (12/23)   PTT > 37 seconds 38% (10/26) 

 Troponin > 0.09 ng/mL 27% (6/22)  Organ function parameters  

Inflammatory markers    LDH > 250 U/L 74% (14/19) 

 Procalcitonin ≥ 0.1 ng/mL 96% (24/25)   AST > 50 U/L 46% (13/28) 

 CRP > 0.5 mg/dL 93% (26/28)   ALT > 40 U/L 32% (9/28) 

 Ferritin > 200 ng/mL 86% (24/28)   BUN > 18 mg/dL 25% (7/28) 

 ESR > 30 mm/h 63% (15/24)   Creatinine > 0.8 mg/dL 21% (6/28) 

 

A All 28 patients were included in percentage calculations unless noted otherwise.  

B z score of the left anterior descending and/or right coronary artery between 2.0 - 2.5 

C z score of the left anterior descending, left main coronary artery and/or right coronary artery >2.5. One patient had 

known small coronary aneurysm from a previous episode of Kawasaki disease was not counted.  
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Table 3. Treatment approaches and outcome in MIS-C patients 

  Total (n = 28) ICU (n = 17) Non-ICU (n = 11) 

Duration of hospitalization (days, median) 8.0 9.5 4.0 

Discharge from hospital (%) 100% - - 

Death 0% - - 

Immunomodulatory therapy A, n (%)    

 None 6 (21%) 3 (18%) 3 (27%) 
 IVIG only  4 (14%) 0 (0%) 4 (36%) 
 Methylprednisolone only  1 (4%) 1 (6%) 0 (0%) 
 Anakinra only  1 (4%) 0 (0%) 1 (9%) 
 IVIG + Methylprednisolone 12 (43%) 9 (53%) 3 (27%) 
 IVIG + Methylprednisolone + Anakinra 4 (14%) 4 (24%) 0 (0%) 

Anti-microbial therapy, n (%)    

 Remdesivir 7 (25%) 6 (35%) 1 (9%) 
 Antibiotics 15 (54%) 12 (71%) 3 (27%) 

Anticoagulation therapy B, n (%)    

 None 4 (14%) 2 (12%) 2 (18%) 
 Aspirin 19 (68%) 13 (76%) 6 (55%) 
 Enoxaparin 18 (64%) 13 (76%) 5 (45%) 

 

A A total of 20 patients were treated with IVIG (2 gm/kg, n = 13; 1 gm/kg, n = 6; 0.5 gm/kg, n = 1). A second dose of 

IVIG was given in 2 cases. A total of 17 patients were treated with methylprednisolone ( 2 mg/kg/day, n = 13; 3-4 

mg/kg/day, n = 4). A total of 5 patients were treated with anakinra at doses ranging from 5 - 13 mg/kg/day.  

B A total of 19 patients were treated with aspirin (ASA) (3 - 6 mg/kg/day, n = 14; 20 - 50 mg/kg/day, n=5). A total of 18 

patients were treated with enoxaparin (prophylactic dosing, n=13; treatment dosing, n=5). 
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Figure 1. Comparison of clinical features and laboratory parameters in patients with MIS-C (n = 

28) versus KD (n = 40). A) Histogram display of age range of MIS-C and KD patients. 

Comparisons of B) prevalence of individual KD features (* p < 0.01; ** p < 0.001; *** p < 0.0001, 

Fisher’s exact test), C) the number of KD diagnostic feature (p < 0.0001, Chi-square test), D) 

prevalence of coronary abnormalities (p > 0.05, Chi-square test), and E) ejection fraction as an 

index of left ventricular function (by percentage and by z score) in MIS-C and KD groups. F) 

Comparison of key laboratory parameters including white blood cell count (WBC), hemoglobin, 

absolute neutrophil count (ANC), absolute lymphocyte count (ALC), platelet count, aspartate 

transaminase (AST), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). 

Median with interquartile range and p value by Mann-Whitney U test are displayed for each plot. 

Gray shades indicate the normal range for laboratory parameters.  
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Figure 2. Immunologic profile of MIS-C patients and comparison with MAS. A) Quantitation of 

lymphocyte populations, B) baseline immunoglobulin levels, C) serum cytokine levels in MIS-C 

patients (n = 15 to 22 for each panel). D-G) Comparison of D) soluble IL2 receptor levels, E) 

ferritin, F) IL-18 and G) CXCL9 levels in MIS-C with a cohort of patients with MAS associated 

with sJIA or infection. Median with interquartile range and p value by Mann-Whitney U are 

displayed for each plot. Gray shades indicate the normal range for laboratory parameters.  

 


