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OBJECTIVE: The purpose of this study was to describe the clinical presentation and physiologic profile of individuals with varying
degrees of severity of multisystem inflammatory syndrome in children (MIS-C).

METHODS: We performed a retrospective study of children diagnosed with MIS-C admitted to a single quaternary children'’s
hospital from May 2020 to April 2021. We created an MIS-C severity score using the following parameters: hospital admission status
(e.g., floor vs intensive care unit), need for inotropic or vasoactive medications, and need for mechanical ventilation. Univariate and
multivariate analyses were performed to associate risk factors corresponding to the MIS-C severity score.

RESULTS: The study included 152 children who were followed for 14 days post hospital admission. A stepwise forward selection
process identified seven physiologic variables associated with “severe” MIS-C according to a logistic regression. Specifically, a
combination of elevated creatinine (p = 0.013), international normalized ratio (p = 0.002), brain natriuretic peptide (p = 0.001),
white blood cell count (p = 0.009), ferritin (p = 0.041), respiratory rate (p = 0.047), and decreased albumin (p = 0.047) led to an
excellent discrimination between mild versus severe MIS-C (AUC = 0.915).

CONCLUSION: This study derived a physiologic profile associated with the stratification of MIS-C severity.

Pediatric Research; https://doi.org/10.1038/s41390-022-02108-6

IMPACT:

® Based on a cohort of 152 individuals diagnosed with MIS-C, this study derived a nomenclature that stratifies the severity of MIS-C.
® |nvestigated demographic, presentational vital signs, and blood analytes associated with severity of illness.

® |dentification of a multivariate physiologic profile that strongly associates with MIS-C severity.

® This model allows the care team to recognize patients likely to require a higher level of intensive care.

INTRODUCTION
Multisystem inflammatory syndrome in children (MIS-C) is a
serious hyperinflammatory condition following an acute infec-
tion with the SARS-CoV-2 virus in children and adolescents and
characterized by fever, rash, conjunctival injection, and inflam-
mation of the heart, lungs, kidneys, brain, or gastrointestinal
organs.'? MIS-C has varying degrees of clinical presentation and
in the more severe forms, it affects multiple body systems.>™
Given the novelty of MIS-C, previous literature has mainly
focused on describing the typical stigmata of the disease, the
similarities to and differences from Kawasaki disease, and
hospital course after administration of intravenous immune
globulin (IVIG) and/or corticosteroids.®™'> More recently, studies
describe the clinical spectrum of MIS-C and the correlation of
certain factors (e.g., demographics, laboratory markers) with
disease severity.>'*"”

Despite increasing knowledge regarding MIS-C, questions still
remain. For instance, which children with coronavirus disease

2019 (COVID-19) will develop MIS-C? In addition, which children
with MIS-C exhibit a “severe” form of the disease? While some
children recover with supportive therapy, others require
aggressive treatment before the clinical response. Thus, our
goal was to design a novel MIS-C severity score (MSS)
quantifying the level of critical care for hospitalized MIS-C
patients and to depict the physiologic profile of patients who
experience a severe course of illness. Using granular data, usually
not possible to accrue in a multi-center study, we created a
model, consisting of demographic characteristics, early labora-
tory results, and first-registered vital signs, to identify patients
who develop severe MIS-C.

METHODS

Study population and physiologic data collection

This retrospective study evaluates children admitted to Texas Children’s
Hospital, USA, with a diagnosis of MIS-C, between May 2020 and April
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Table 1. Demographic and clinical characteristics of the cohort.
Variables Entire cohort, n (%)
Overall frequencies 152 (100)
Age
<6 years 45 (30)
6-12 years 64 (42)
>12 years 43 (28)
Sex
Female 64 (42)
Male 88 (58)
Race/ethnicity
Hispanic/Latino 85 (56)
Non-Hispanic black 31 (20)
Non-Hispanic white 25 (16)
Non-Hispanic Asian 6 (4)
Non-Hispanic other 5(3)
BMI
Underweight (BMI < 5th) 10 (7)
Healthy weight (5th < BMI < 85th) 73 (48)
Overweight (85th < BMI) 69 (45)
Echocardiography
LVEF < 55% 54 (36)
Coronary dilation 40 (26)
Medications
Immunomodulators (IVIG or Anakinra) 123 (81)
Steroids 146 (96)
Steroids alone 28 (18)
Steroids + IVIG, but not Anakinra 31 (20)
Steroids + Anakinra, but not IVIG 50 (33)
Steroids + IVIG + Anakinra 37 (24)
Volume expansion 140 (92)
Calcium chloride bolus 28 (18)
Anticoagulant 99 (65)
Antiplatelet 93 (61)
Therapy initiation
Immunomodulator initiation within 24 h 92 (61)
Immunomodulator initiation within 48 h 110 (72)
Steroid initiation within 24 h 116 (76)
Steroid initiation within 48 h 137 (90)
Hospitalization
Prolonged hospital stay (>7 days) 73 (48)
Prolonged ICU stay (>4 days) 52 (34)

Mild MIS-C, n (%) Severe MIS-C, n (%) p value
87 (57) 65 (43) n/a
35 (40) 10 (15) <0.001
34 (39) 30 (46) 0.239
18 (21) 25 (38) 0.013
37 (43) 27 (42) 0.518
50 (57) 38 (58) 0.518
51 (59) 34 (52) 0.271
13 (15) 18 (28) 0.043
16 (18) 9 (14) 0.301
30 3 (5) 0.514
4 (5) 1(2) 0.287
7 (8) 35 0.309
50 (57) 23 (35) 0.006
30 (34) 39 (60) 0.001
18 (21) 36 (55) <0.001
24 (28) 16 (25) 0.413
60 (69) 63 (97) <0.001
81 (93) 65 (100) 0.033
26 (30) 2(3) <0.001
29 (33) 2(3) <0.001
12 (14) 38 (58) <0.001
14 (16) 23 (35) 0.005
80 (92) 60 (92) 0.593
2(2 26 (40) <0.001
40 (46) 59 (91) <0.001
52 (60) 41 (63) 0.404
37 (43) 55 (85) <0.001
51 (59) 59 (91) <0.001
59 (68) 57 (88) 0.003
75 (86) 62 (95) 0.051
22 (25) 51 (78) <0.001
10 (11) 42 (65) <0.001

Body mass index (BMI) was categorized using age- and sex-adjusted growth percentile curves published by the CDC. The p values were computed using
Fisher's method to test differences in frequencies between mild MIS-C and severe MIS-C groups for each row.

LVEF left-ventricular ejection fraction.

2021. The Institutional Review Board of Baylor College of Medicine
approved this study with a waiver of consent under protocol H-49737.
Subjects were identified from our institutional database that includes all
patients admitted with MIS-C according to the US Centers for Disease
Control and Prevention (CDC) case definition: age <21 years presenting
with fever; laboratory evidence of inflammation; severe illness with
multisystem involvement (=2 organs); no alternative plausible diagnosis;
and positive for current or recent SARS-CoV-2 infection by reverse
transcription-polymerase chain reaction (RT-PCR) test, serology or antigen
test, or COVID-19 exposure within the preceding 4 weeks.' The timing of
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the diagnosis was typically within 12 h of presentation to our hospital
depending on the availability of the RT-PCR and/or serology testing. The
patient database was adjudicated by an internal group of experts including
clinicians from the critical care, cardiology, rheumatology, and infectious
disease divisions of the hospital.

Data collected from the electronic medical record includes demographic
characteristics (age, sex, race, and ethnicity) and clinical characteristics
(weight, height, body mass index [BMI], date of hospital admission and
discharge, date of intensive care unit admission and discharge, and dates
of intubation and extubation).
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Table 2. Continuous variables.

Variable name Units Entire cohort median (IQR) Mild MIS-C median (IQR) Severe MIS-C median (IQR) p value
Cardiac markers
Lactate mmol/L 1.60 (1.50-1.62) 1.60 (1.60-1.60) 1.80 (1.30-2.90) 0.016
BNP pg/mL 132.70 (42.08-400.05) 67.80 (28.35-232.60) 349.00 (115.90-851.50) <0.001
Troponin ng/mL 0.02 (0.01-0.12) 0.01 (0.01-0.05) 0.09 (0.01-0.42) <0.001
LVEF % 59.00 (50.75-64.06) 62.09 (56.00-65.04) 53.00 (44.00-60.95) <0.001
Inflammatory/infection markers
C-reactive protein mg/dL 18.05 (11.25-24.20) 15.90 (7.80-21.15) 22.70 (15.50-29.10) <0.001
Ferritin ng/mL 303.00 (176.50-606.25) 207.00 (125.50-399.50) 457.00 (271.00-782.00) <0.001
Fibrinogen mg/dL 559.50 (504.75-672.75) 551.00 (506.00-623.00) 583.00 (501.00-719.00) 0.120
Lymph 103/pL 1.02 (0.69-1.65) 1.02 (0.73-1.75) 0.95 (0.67-1.47) 0.390
Procalcitonin ng/mL 3.94 (1.55-11.36) 2.25 (1.13-6.99) 8.07 (3.29-26.45) <0.001
Segmented neut % 81.40 (74.28-86.15) 80.40 (69.20-83.30) 84.70 (79.30-88.30) <0.001
WBC 103/uL 9.49 (7.21-12.43) 8.08 (6.09-11.14) 11.41 (9.13-13.84) <0.001
Coagulation markers
Platelets count 103/|JL 158.00 (113.75-208.25) 173.00 (132.50-230.50) 140.00 (102.00-191.00) 0.009
D dimer pg/mL 3.21 (2.12-4.81) 2.84 (1.92-4.14) 3.63 (2.68-5.66) 0.004
PTT s 33.10 (31.07-36.65) 33.10 (31.50-34.35) 33.30 (29.40-39.00) 0.296
INR 1.20 (1.20-1.30) 1.20 (1.10-1.20) 1.30 (1.20-1.40) <0.001
Protime S 15.60 (14.97-16.50) 15.60 (14.35-15.60) 16.00 (15.30-17.20) <0.001
Thrombin time S 15.50 (14.95-15.90) 15.50 (15.40-16.20) 15.30 (14.50-15.90) 0.021
Renal markers
Sodium mmol/L 133.00 (130.00-135.00) 133.00 (131.00-135.00) 132.00 (129.00-134.00) 0.055
Potassium mmol/L 3.90 (3.60-4.22) 4.00 (3.70-4.30) 3.70 (3.40-4.10) <0.001
Magnesium mg/dL 2.10 (2.00-2.30) 2.10 (2.00-2.30) 2.10 (2.00-2.40) 0.736
Phosphorus mg/dL 3.60 (3.20-4.10) 3.70 (3.35-4.10) 3.50 (2.90-4.00) 0.077
lonized calcium mmol/L 1.16 (1.15-1.17) 1.16 (1.15-1.17) 1.16 (1.10-1.20) 0.407
BUN mg/dL 13.00 (10.00-20.00) 12.00 (9.50-13.50) 18.00 (13.00-28.00) <0.001
Creatinine mg/dL 0.47 (0.34-0.79) 0.38 (0.31-0.54) 0.73 (0.46-1.18) <0.001
Gl/liver markers
AST U/L 56.00 (41.00-77.25) 52.00 (40.00-71.50) 59.00 (44.00-84.00) 0.091
ALT u/L 37.00 (24.00-60.25) 30.00 (22.00-50.00) 43.00 (26.00-67.00) 0.018
GGT U/L 42.00 (31.00-62.75) 42.00 (25.00-42.00) 51.00 (37.00-89.00) <0.001
Alkaline phosphatase U/L 138.00 (107.75-162.25) 138.00 (108.50-151.00) 139.00 (104.00-166.00) 0.485
Albumin g/dL 3.50 (3.10-3.82) 3.60 (3.30-3.90) 3.20 (2.90-3.70) <0.001
Hematological markers
HGB g/dL 11.20 (10.38-12.30) 11.20 (10.30-12.10) 11.30 (10.50-12.30) 0.718
HCT % 33.15 (31.00-35.88) 33.10 (31.20-35.75) 33.20 (30.50-36.50) 0.933
RBC 106/|JL 4.13 (3.83-4.49) 4.14 (3.85-4.50) 4.09 (3.78-4.49) 0.685
MCH [oJe] 27.40 (26.27-28.60) 27.30 (26.05-28.45) 27.50 (26.70-28.70) 0.186
Mcv fL 80.80 (78.50-82.95) 80.70 (78.20-82.90) 80.90 (79.00-83.10) 0.630
MCHC g/dL 33.90 (33.10-34.70) 33.90 (33.00-34.60) 34.00 (33.30-35.10) 0.160
Vital signs
HR Z score 1.88 (1.37-2.71) 1.67 (1.19-2.28) 2.18 (1.68-2.81) 0.016
RR Z score 1.89 (0.83-3.91) 1.34 (0.36-2.09) 3.18 (1.30-5.04) <0.001
mBP Z score -0.56 (-1.25 to 0.12) -0.11 (-0.65 to 0.98) -0.98 (-1.57 to -0.37) <0.001
sBP Z score -0.81 (-1.48 to 0.17) -0.24 (-0.97 to 0.88) -1.32 (-1.94 to -0.64) <0.001
dBP Z score -0.74 (-1.17 to 0.14) -0.18 (-0.73 to 0.91) -1.01 (-1.47 to -0.60) <0.001
Continuous demographics
Age years 9.17 (4.89-13.09) 7.74 (3.67-11.28) 10.27 (8.32-14.40) <0.001
BMI Z score 0.87 (-0.03 to 1.71) 0.58 (-0.18 to 1.42) 1.44 (0.44-2.13) 0.002

First laboratory results and first-registered vital signs upon admission for the entire cohort, and for the mild and severe MIS-C groups. Vital signs and BMI were
transformed to z scores using age- and sex-adjusted mean and standard deviation from the general population. The p values were computed using the non-

parametric two-sided Wilcoxon rank-sum method to compare the mild MIS-C and severe MIS-C groups.
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Fig. 1

All medication records, laboratory results, and monitored vital signs
were retrieved using the Sickbay data platform (Medical Informatics
Corp, Houston, TX). Medications missing dosages or with no reported
date/time of administration were excluded from the analysis. Laboratory
data obtained included the first recorded results of the following:

® |Immune activation/infection/inflammation—white blood cells (WBC),
neutrophils, lymphocytes, procalcitonin, ferritin, fibrinogen, C-reactive
protein (CRP).

® (Cardiovascular—brain natriuretic peptide (BNP), troponin |, lactate.

Renal—creatinine, blood urea nitrogen (BUN), electrolytes.

®  Gastrointestinal/liver—albumin, aspartate transaminase (AST), alanine
transaminase (ALT), gamma-glutamyl transferase (GGT), alkaline
phosphatase.

® (Coagulation—international normalized ratio (INR), partial thrombo-
plastin time (PTT), prothrombin time (PT), thrombin time, fibrinogen,
D dimer.

® Hematologic—hemoglobin (HGB), hematocrit (HCT), platelets, mean
corpuscular hemoglobin (MCH).

Recorded vital sign data included heart rate (HR), peripheral oxygen
saturation (Sp02), invasive and noninvasive mean (mBP), systolic (sBP),
and diastolic (dBP) blood pressure, and respiratory rate (RR). These
signals are synchronized and captured at a sampling frequency of 0.5 Hz.
We retrieved the first 3h of the vital signs for each patient and
computed an average as the representative value for each patient. The
results of the first recorded echocardiographic measurement were also
retrieved to assess the left-ventricular ejection fraction (LVEF) and
changes in coronary vessel diameter. A minimal portion of the laboratory
tests returned as “failed” or “insufficient sample” for a valid result. These
missing data were imputed using the median from the cohort for each
lab type.

Definition of the MIS-C severity score and outcome

To quantify the disease severity, we defined an MSS as a 5-point ordinal
scale from 0 to 4 as follows: MSS = 4 was assigned to a patient being in the
hospital ICU on mechanical ventilation with or without vasoactive-
inotropic support; MSS = 3 was assigned to a patient in the hospital ICU
with vasoactive-inotropic support but not on mechanical ventilation; MSS
=2 corresponded to a patient being in the hospital ICU but without
vasoactive-inotropic support or mechanical ventilation; MSS=1 was
assigned to a patient who was in the hospital but not in the ICU nor on
vasoactive-inotropic support or mechanical ventilation; MSS = 0 described
a patient who was discharged. This scale quantified an accumulation of
critical care for the MIS-C patients. The MSS was assessed on a daily basis,
and it is important to note that a patient’s MSS could change from day to
day as the level of care escalated or deescalated during hospitalization. We
also defined peak-MSS as the greatest MSS experienced by a patient over
their hospitalization.

The primary outcome of the study was a binary variable defined as
“severe MIS-C” for those patients whose peak-MSS was greater than or
equal to 3, and “mild MIS-C” for those patients whose peak-MSS was less
than 3. Using this binary outcome, we performed analyses summarizing
the admission physiologic profile of patients based on demographics, early
laboratory results, and first-registered vital signs.

SPRINGER NATURE
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Statistical analysis

Analysis of vital signs was preceded by z score transformation based on
the age- and sex-adjusted mean and standard deviation for each of the
vital signs from the healthy population as published by Baker-Smith et al.’®
The BMI was also transformed to age- and sex-adjusted z scores using
growth charts published by the US CDC.'® Comparison of any two groups
occurred using non-parametric two-sided Wilcoxon rank-sum test for
continuous variables (laboratory results, vital signs, age, BMI) and Fisher’s
exact test to assess the frequency of categorical variables. The association
between physiologic data and the binary labeling of mild vs severe MIS-C
was first tested using univariate logistic regression analyses. We also
examined associations between the physiologic variables and the primary
outcome via a multivariate logistic regression model. We employed a
stepwise forward selection process based on the Akaike information
criterion (AIC) and statistical significance of the variables. At each step, the
selection process examined all remaining variables to add the variable that
decreased the AIC the most while maintaining significant p values for
included variables. The AIC penalizes models with too many variables that
do not add sufficient information. Thus, this selection process excludes the
least important variables to arrive at a model with a reduced number of
significant variables.?® To test against overfitting, the reduced multivariate
logistic model was analyzed using the TRIPOD guidelines for a Type 1b test
using re-sampling of the data.?’ The level of collinearity among covariates
was quantified using the variance of inflation (VIF) coefficient. For both the
univariate and multivariate, the continuous variables were normalized by
subtracting the median and dividing by the interquartile range. All
analyses were performed using the “Statsmodels v0.12.2” library available
in the Python environment. For all tests, statistical significance was
concluded at a p value <0.05.

RESULTS

Demographics and clinical data for the entire cohort

Table 1 demonstrates the details of patient demographics. The
cohort included 152 patients of age <6 years (30%), in between
6 and 12 years (42%), and >12 years (28%). There was a
predominance of male children (58%). The cohort was
predominantly Hispanic (56%). Based on age- and sex-
adjusted percentiles for the general population, the BMI for
the cohort was significantly skewed toward overweight. Thirty-
six percent of the cohort presented with reduced LVEF (<55%).
The median length of hospital stay was 6.8 days (IQR=
4.8-9.0 days). One hundred and six (70%) patients were
admitted to an ICU at some point during their hospitalization.
For these patients, the length of stay in the ICU had a median of
3.8 days (IQR = 2.6-6.4 days).

Table 2 summarizes the vital signs as z scores (referent to age-
and sex-adjusted mean and standard deviation for healthy
population). Of note, patients typically presented with tachycardia,
tachypnea, and hypotension. Blood oxygen saturation levels were
consistently normal in the cohort, but these measurements did
not account for the level of respiratory support that the patients
may have received upon admission.
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Steroids and immunomodulators (IVIG or Anakinra) were the
mainstay therapies. About 81% and 96% of the cohort received
immunomodulators and steroids, respectively, with a greater
proportion among the severe patients. By definition, all severe
patients received inotropic/vasoactive support. Volume expansion
and calcium chloride were also used to counter cardiovascular
compromise. Anticoagulant (65%) and antiplatelet (61%) therapies
were also administered to the majority of the patients. Table 1 also
shows that most patients who received immunomodulators and
steroids had their initial dose within 48 h.

Demographics and clinical data associated with mild vs severe
MISs-C

The mild and severe MIS-C groups contained 87 (57%) and 65
(43%) patients, respectively. Table 1 highlights differences
between the two groups pertaining to demographic information,
medications, and duration of hospitalization. There is a significant
association between MIS-C severity and age, with younger
patients (age <6 years) being more likely to develop mild MIS-C
(p <0.001) and older patients (age >12 years) having severe MIS-C
(p =0.013). Healthy weight BMI (p =0.006) and overweight BMI
(p=0.001) are associated with mild and severe MIS-C, respec-
tively. Non-Hispanic black group (p=0.043) experience more
severe MIS-C despite no inter-racial difference in age (p = 0.489) or
BMI (p = 0.744). A greater fraction of the severe MIS-C group had a
lower initial LVEF (p <0.001). Coronary dilation did not show a
significantly different incidence between the mild and severe MIS-
C groups. Prolonged length of stay (more than 7 days) occurred in
25% of the mild MIS-C group and 78% of the severe MIS-C group
(p < 0.001). Similarly, a significantly (p < 0.001) higher proportion of
patients required a prolonged length of stay in the ICU (more than
4 days) in the severe MIS-C group (65%) than in the mild MIS-C
group (11%). Table 1 also shows that a greater proportion in the
severe MIS-C group, in comparison to the mild MIS-C group,
received immunomodulators (p < 0.001) and steroids (p < 0.033),
and that the severe MIS-C group received their initial dose of
therapies earlier than the mild MIS-C group.

There was also a significant difference in laboratory markers of
systemic inflammatory/dysfunction between the mild and severe
groups of MIS-C. In addition, tachycardia (p =0.016), tachypnea
(p <0.001), and hypotension (p < 0.001) are more aberrant in the
severe MIS-C group (refer to Table 2).

Trajectory of the MSS

The day-to-day moving distribution of the MSS is graphically
displayed in Fig. 1 (left) as daily stacked bar plots. On the first day,
40% of the cohort was categorized to an MSS=1, 28%
experienced MSS=2, 20% experienced MSS=3, and 12%
experienced MSS =4. On days 2-3, we observed a shift toward
higher MSS values, before some patients started to show
resolution of the illness around days 4-5. By 1 week, half of the
cohort was discharged from the hospital. One can also observe
that 15% of the cohort required a prolonged hospital stay of at
least 14 days.

The frequency histogram of the peak-MSS is shown in Fig. 1
(right). We observe that 31% of the cohort reached a peak-MSS =
1, 26% attained peak-MSS =2, 27% attained peak-MSS =3, and
16% reach the highest peak-MSS = 4. Consequently, the cohort
was divided into 57% mild MIS-C and 43% severe MIS-C.

Physiologic profile of mild vs severe MIS-C

Univariate logistic regression analyses are shown in Table 3. The
variables (including demographics, labs, and vitals) are organized
according to the increasing AIC. Figure 2 shows odds ratios
associated with an interquartile range increase in the respective
clinical variables. Among demographics, age and BMI had a
significant association with the primary outcome. Laboratory
results that serve as surrogates for renal compromise (creatinine,
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BUN, potassium), immune activation and infection (WBC, neu-
trophils, procalcitonin, CRP, ferritin), coagulation (protime, INR,
platelets, D dimer), cardiac involvement (LVEF, BNP, troponin), and

Table 3. Univariate models.
Lab name AIC AUC IQR OR p value
Creatinine 167.75 0.78 0.45 4.63 <0.001
BUN 175.22 0.75 10.00 3.42 <0.001
WBC 185.64 0.72 522 3.07 <0.001
INR 186.71 0.71 0.10 1.91 <0.001
LVEF 187.02 0.71 13.31 0.29 <0.001
Protime 187.81 0.70 1.53 2.70 <0.001
Lactate 188.53 0.61 0.13 1.14 <0.001
Troponin | 190.63 0.71 0.11 1.26 0.003
RR 191.06 0.65 1.43 1.81 <0.001
Ferritin 191.33 0.74 429.75 246 <0.001
CRP 191.97 0.70 12.95 3.00 <0.001
Segmented neut 192.13 0.71 11.87 2,61 <0.001
BNP 192.13 0.76 357.98 1.73 <0.001
dBP 193.37 0.72 0.42 0.67 <0.001
mBP 193.64 0.70 0.45 0.68 <0.001
GGT 194.03 0.69 31.75 1.83 <0.001
Procalcitonin 194.73 0.73 9.80 1.49 0.001
Age 196.60 0.68 8.20 3.09 <0.001
Albumin 199.32 0.66 0.72 0.46 <0.001
sBP 199.70 0.68 0.61 0.72 0.003
D dimer 203.10 0.64 2.69 1.57 0.010
Potassium 204.33 0.66 0.63 0.62 0.013
HR 205.94 0.62 0.57 1.29 0.026
Platelet 206.23 0.62 94.50 0.63 0.028
BMI 206.91 0.64 1.75 1.82 0.014
Fibrinogen 208.08 0.57 168.00 141 0.069
MCHC 208.17 0.57 1.60 1.50 0.077
Sodium 208.98 0.59 5.00 0.70 0.117
ALT 209.32 0.61 36.25 1.20 0.161
AST 209.38 0.58 36.25 1.20 0.158
MCH 209.74 0.56 2.32 1.29 0.194
Lymph 210.33 0.54 0.96 0.84 0.287
PTT 210.49 0.55 5.58 1.19 0.311
SpO, 210.75 0.50 0.88 0.87 0.381
Thrombin time 210.92 0.39 0.95 1.02 0.494
HGB 210.97 0.52 1.93 1.17 0.460
Phosphorus 211.06 0.58 0.90 0.90 0.502
McCV 211.07 0.52 4.45 1.11 0.503
HCT 211.42 0.50 4.88 1.07 0.747
lonized calcium 211.46 0.54 0.02 0.67 0.799
Alkaline 211.48 047 54.50 0.97 0.842
phosphatase
Magnesium 211.50 0.52 0.30 1.03 0.896
RBC 211.52 0.48 0.67 1.01 0.957

Results from univariate logistic regression models for the classification of
mild vs severe MIS-C. Variables are listed according to the increasing AIC.
The area under the receiving operating characteristic curve (AUC) is listed
as well. Odds ratios (OR) are associated with an interquartile range (IQR)
increase in the respective variables.
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Fig. 2 Univariate and multivariate analyses. Odds ratios for the univariate (left) and multivariate (right) logistic regression analyses for the
classification of mild vs severe MIS-C. Odds ratios are associated with an interquartile range increase in the respective variables. The

interquartile ranges are listed in Tables 3 and 4.

Table 4. Multivariate model.

Variables Coef. Std error OR p value
Intercept -1.7327 0.343 n/a <0.001
Creatinine 1.0444 0.421 2.84 0.013
INR 0.6509 0.208 1.92 0.002
BNP 0.5013 0.155 1.65 0.001
WBC 1.0833 0417 2.95 0.009
Ferritin 0.6568 0.322 1.93 0.041
Respiratory rate 0.4136 0.208 1.51 0.047
Albumin -0.6962 0.351 0.50 0.047

Results from multivariate logistic regression for the classification of mild vs
severe MIS-C. Odds ratios (OR) are associated with an interquartile range
increase in the respective variables. The median and interquartile range for
each variable are displayed in Table 2. The pseudo R-square value = 0.4844,
the LLR p value =8.39E-19, and the performance ROC AUC = 0.915.

gastrointestinal involvement (albumin, GGT) reached significant
associations.

The results of the stepwise forward selection multivariate
logistic regression are shown in Table 4. This selection process
identified creatinine (p =0.013), INR (p = 0.002), BNP (p = 0.001),
WBC (p = 0.009), ferritin (p =0.041), RR (p =0.047), and albumin
(p =0.047) as the variables that associated most with severe MIS-
C. The odds ratios for each of these explanatory factors are
displayed in Fig. 2. The model performed well (area under the
curve, AUC=0.915) at discriminating mild versus severe MIS-C
(see receiver operating characteristic curve (ROC) in Fig. 3 (left)).
Figure 3 (right) depicts the sensitivity—specificity curve according
to classification threshold.

To test the model against overfitting, a TRIPOD Type 1b testing
analysis using re-sampling was employed to generate 100
repetitions of a 50/50 random split of the data to train and test
the model. The average ROC AUC over the training subset was
92.0% and the average AUC over the testing subsets was 90.4%.
To evaluate the collinearity of the model features, the VIF was
computed and found to be 1.35 which is well accepted (VIF < 10)
as an indication that the level of collinearity is low.
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DISCUSSION

Our single-center study of 152 individuals describes the clinical
spectrum of MIS-C. While the majority of children with MIS-C
require ICU admission, little information exists illustrating the
presentation or clinical course between children with varying
degrees of the condition. Therefore, we created an MSS based on
hospital or ICU admission and the need for inotropic/vasoactive
support with/without mechanical ventilation. The importance of
this MSS lies in its strong associations with demographics, first-
registered vital signs, and early laboratory characteristics (see
Tables 1 and 2). These associations allow the care team to
recognize patients likely to require a higher level of intensive care.
The results of this study should not be interpreted as a predictive
model of severity, but rather as an associative profile linked to the
severity of illness. The results of this study may in the future be
used as a stepping stone to develop a predictive tool that would
have to be validated on a separate or multi-institutional cohort.

To find the most informative (according to the AIC) physiologic
risk profile associated with severe MIS-C, we created a stepwise-
selected logistic model to associate demographics, vital signs, and
laboratory markers with the mild vs severe classification of MIS-C.
The following parameters: creatinine, INR, BNP, WBC, ferritin,
albumin, and RR z score were selected as the most informative risk
factors, leading to a classification performance quantified by an
AUC =0.915 for differentiating between mild vs severe MIS-C
patients (see Table 4, Figs. 2 and 3).

Previous studies have shown the effectiveness of ICU scoring
systems in identifying patient outcomes. The acute physiology and
chronic health evaluation, simplified acute physiology score, and
pediatric risk of mortality score collect data on the first day of ICU
admission to prognosticate mortality.”>** Although validated, these
scoring systems cannot be readily applied to MIS-C for several reasons.
First, most children survive hospitalization with MIS-C. Second, the
number of variables that are needed to calculate the score are
numerous and they do not include inflammatory parameters that are
typical of MIS-C. Lastly, these severity scores were developed for
general illnesses that led to ICU admission. Thus, we sought to develop
an MSS that led to the development of a logistic regression model to
identify patients likely to require a higher level of intensive care.

Similar to previous reports,>'®"” age and race strongly associate
with severe MIS-C. Although children between the ages of 6-12
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Fig. 3 Classification performance. Receiver operating characteristic curve (left), and sensitivity and specificity curves (right) for the

multivariate logistic model to classify mild vs severe MIS-C.

were more likely to develop MIS-C, the frequency of intensive care
unit admission, inotropic support, and mechanical ventilation was
higher in older children. The disproportional representation of
MIS-C in black and Hispanic children is well characterized in the
literature. In this study, 763% (n=116 of 152) of children
diagnosed with MIS-C were either Hispanic or non-Hispanic black.
Of note, non-Hispanic black children had a higher predisposition
to the severe form of MIS-C (Table 1).

Our study found that almost half of the children diagnosed with
MIS-C had a healthy weight BMI. In the majority of cases having a
healthy BMI was protective, while an overweight BMI was
associated with a higher MSS. These findings parallel those
described by Abrams et al. in which obesity was a factor
associated with worse outcomes in children with MIS-C. Theories
behind this link are supported by studies that have shown that
adipose cells have more SARS-CoV-2 receptors. As in this study, a
J-shaped relationship between BMI and poor outcome was
described in a meta-analysis focused on COVID-19 in adults.**

Our stratification of MIS-C is clinically and physiologically
relevant because of its association with cardiac echo assessment,
vital signs, medications received, and blood analytes (Tables 1 and
2). The degree of cardiac involvement in the more severe group is
evidenced by the left-ventricular function. Approximately half of
the patients with severe MIS-C had an initial echocardiogram that
showed reduced LVEF. In contrast, only one-fifth of MIS-C cases in
the mild group had left-ventricular dysfunction.

The seven variables associated with severe MIS-C can be crudely
distributed to six distinct organ systems. The systems included
renal (creatinine), hematologic (INR, ferritin), cardiac (BNP),
immunologic (WBC), pulmonary (RR), and the gastrointestinal
system (albumin). A way to view our findings is that the number of
organ systems involved increases the odds of developing severe
MIS-C. As the pathophysiology of MIS-C is still under investigation,
it is difficult to extrapolate how these associations are linked at the
molecular level for each organ system. Current hypotheses
explaining which children will develop MIS-C include: (i) hyper-
activation of neutrophils and monocytes, (ii) reduced number of T
and B cells, (iii) altered response of T and B cells, (iv) auto-
antibodies, and (v) formation of superantigens.>>2° It is possible
to hypothesize that children with severe MIS-C have a greater
dysregulation in the aforementioned processes. These relation-
ships will need to be tested in future studies.

Patients with severe MIS-C had higher utilization of biologic
agents (e.g., anakinra). In this study, 94% (61 of 65) of children with
severe MIS-C received anakinra. Son et al. evaluated initial MIS-C
therapy and found that 20.6% of children received the combina-
tion of IVIG, glucocorticoid, and a biologic agent.'® Similarly, we
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found that the extent of clinical severity (e.g., ICU admission,
vasoactive-inotropic support, mechanical ventilation) correlated
with the more frequent use of a biologic agent. Furthermore, their
study also showed that the length of hospital stay was longer in
their more “severe” cohort.

Dysregulation of hematologic markers was higher in the severe
cohort of MIS-C (see Table 2). Of note, BNP, troponin, procalcito-
nin, creatinine, and ferritin were at least twice as elevated in the
children with severe MIS-C in comparison with mild MIS-C.
Another point of interest is that patients having the severe form
of MIS-C are associated with a longer hospital and ICU stay.

Limitations

Our study has limitations. Our data were derived from one center
which may decrease the potential generalizability of our findings.
However, given the rarity with which MIS-C occurs, the sample size
and granularity of information from this single-site institution is a
strength. For instance, our MSS is based on the precise day-to-day
documentation of ICU stay, start, and discontinuation of inotropic/
vasoactive medications, mechanical ventilation, and daily records
of laboratories and vital signs. Second, the selection of therapies
was institutionally dependent since there were no well-
established national guidelines. Given the novelty and lack of
evidence for treating MIS-C, clinicians treated according to similar
protocols for Kawasaki disease, shock syndrome, or sepsis, and in
conjunction with pediatric infectious disease and rheumatology
specialists. Those patients transferred from an outside hospital
typically received treatments limited to stabilization. But the
precise knowledge of outside treatments is lacking in this
retrospective study. Next, symptoms and their onset were not
reported; however, most MIS-C studies have not shown a
difference in these characteristics according to ICU admission,
vasopressor use, or intubation. This may be due to the fact that
documentation of disease course prior to presentation at the
hospital is inaccurate and subjective as it is self-reported. It is also
important to stress that while we refer to “mild” and “severe” MIS-
C phenotypes, all of these children were sick enough to be
hospitalized, and 70% were admitted to ICU during their
hospitalization. Finally, our findings are preliminary and would
warrant further validation in a larger or separate cohort with
access to similar clinical and physiologic data.

CONCLUSION

Herein, we developed a severity score to stratify individuals
diagnosed with MIS-C. The more severe form of MIS-C was defined
based on ICU admission, inotropic/vasoactive support, or the need
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for mechanical ventilation. The most informative physiologic
profile associated with the severe form of MIS-C included elevated
creatinine, INR, BNP, WBC, ferritin and RR, and reduced albumin.
These variables, incorporated into a logistic regression, led to an
excellent classification performance (ROC AUC = 0.915) for differ-
entiating between mild vs severe MIS-C patients in our institution
and warrants validation in separate cohorts.
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