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Background. Multisystem inflammatory syndrome in children (MIS-C) is a novel severe postinfectious condition associated 
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The purpose of this report is to describe nationwide trends in 
the evolving clinical management of MIS-C.

Methods. Patients with MIS-C were reported from state and local jurisdictions to the Centers for Disease Control and 
Prevention’s (CDC’s) MIS-C national surveillance system. Patients’ case reports were reviewed to ensure that they met the CDC 
MIS-C case definition and had sufficient data for analysis. The prevalence of use of treatments for MIS-C, temporal trends in use of 
these treatments, and frequency of administration of different treatment combinations were analyzed.

Results. There were 4470 patients meeting the MIS-C case definition with onset dates from 19 February 2020 to 31 July 2021. 
The proportion of patients admitted to an intensive care unit (ICU) has declined over time, from 78.7% in April 2020 to 57.5% in 
June 2021 (P = .001). The most common treatments were intravenous immunoglobulin (IVIG), given to 85.6% of patients; steroids 
(77.7%), and antiplatelet medications (73.7%); use of each of these treatments has increased over time, particularly in patients not 
requiring admission to an ICU (all P < .001). Older patients and non-Hispanic Black patients were more likely to receive additional 
modes of therapy including vasoactive medication, noninvasive respiratory support, anticoagulation medication, and intubation/
mechanical ventilation.

Conclusions. IVIG, steroids, and antiplatelet medication have become increasingly utilized as standard treatment for MIS-C 
patients, while the use of other treatments may be contingent on the type and severity of clinical findings.

Keywords. multisystem inflammatory syndrome in children; MIS-C; SARS-CoV-2; treatment; surveillance.

First reported in April 2020, multisystem inflammatory 
syndrome in children (MIS-C) is a severe postinfectious 
hyperinflammatory condition linked to previous infection 
with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1–5]. Alternately named pediatric inflammatory 
multisystem syndrome temporally associated with SARS-
CoV-2 (PIMS-TS), MIS-C has been described as having clinical 
features overlapping with Kawasaki disease (KD), toxic shock 
syndrome (TSS), and other inflammatory disorders.

From the first identified patients, management of MIS-C has 
often included use of intravenous immunoglobulin (IVIG) and 
steroids such as methylprednisolone to reduce inflammation, 
sometimes augmented by additional immune modulators such 
as infliximab or anakinra [6–15]. Aspirin has been frequently 

utilized, typically at low doses (3–5  mg/kg/day) as a platelet 
antiaggregant or sometimes at higher doses (30–80 mg/kg/day) 
for its anti-inflammatory effect [9, 10, 12, 14]. Vasoactive medi-
cations such as milrinone and epinephrine have been used to 
manage MIS-C patients with hypotension and shock [7, 9–15]. 
Additional MIS-C patient management may include anticoagu-
lants such as enoxaparin or warfarin for treating thrombosis or 
cardiac dysfunction, and interventions such as high-flow nasal 
cannula or mechanical ventilation to treat patients with respira-
tory distress [6–13].

Existing guidelines on MIS-C clinical management draw from 
a combination of recommendations for similar clinical syn-
dromes, experiences from management of early MIS-C patients, 
and consensuses of experts in medical fields including pediat-
rics, cardiology, rheumatology, and infectious diseases. On 17 
June 2020, the American College of Rheumatology (ACR) first 
released a set of recommendations [16–18] that included IVIG 
(2 g/kg) and aspirin as standard treatment, with low-moderate 
dose glucocorticoids (1–2 mg/kg/day) for patients with shock 
or organ threatening disease. Recommendations also included 
high dose glucocorticoids (10–30  mg/kg/day) or anakinra 
(>4  mg/kg/day) for MIS-C patients refractory to first-line 
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treatment. On 17 July 2020, the United Kingdom’s PIMS-TS 
National Consensus Management Study Group released its 
recommendations for management [19, 20]; some differences 
from the ACR guidelines include use of methylprednisolone 
alongside IVIG in KD-like patients under 12 months old or 
with coronary artery changes, consideration of a second dose of 
IVIG for refractory patients, and preference of infliximab over 
anakinra for patients with KD-like phenotype. Additional infor-
mation that may have influenced MIS-C patient management 
includes CDC’s 16 July 2020 clinician outreach and commu-
nication activity (COCA) webinar on MIS-C, which summar-
ized current knowledge and treatment practices [21], and the 
28 October 2020 publication of a study indicating more rapid 
cardiac recovery for patients treated with methylprednisolone 
[22]. Clinical trials on MIS-C interventions are underway [23, 
24], but robust information on the efficacy of treatments for this 
novel syndrome are not expected for some time.

In the current article, we present results from the largest 
patient database thus far reported with MIS-C treatment in-
formation. These results include trends in use of treatments, 
combinations of treatments used, and assessment of treatment 
use by age group and whether patients were admitted to an 
intensive care unit (ICU). Although this observational report 
cannot assess treatment effectiveness, details of MIS-C manage-
ment practices over time may be useful for helping to guide fu-
ture clinical recommendations.

METHODS

The US Centers for Disease Control and Prevention (CDC) 
published a Health Advisory describing MIS-C on 14 May 2020 
and asked for suspected cases to be reported to state, local, and 
territorial health departments. Information on patients with 
suspected MIS-C were reported to the CDC by these health 
departments using CDC’s MIS-C case report form, which cap-
tured data on patient demographics, underlying medical con-
ditions, clinical findings, laboratory tests, imaging results and 
treatment [25, 26]. Patient records were assessed to determine 
if they met the CDC case definition for MIS-C [2], which in-
cludes: patients aged <21 years hospitalized with fever, involve-
ment of at least 2 organ systems (cardiac, renal, respiratory, 
hematologic, gastrointestinal, dermatologic or neurological), 
either laboratory evidence of current or previous SARS-CoV-2 
infection or exposure to coronavirus disease 2019 (COVID-19), 
and lack of an alternative diagnosis. The full MIS-C case defini-
tion is included in supplemental materials. To assess temporal 
trends, patients required an estimated date of MIS-C symptom 
onset: if the date of symptom onset was not recorded, date of 
fever onset was used, or if both were missing, then date of hos-
pital admission was used. This analysis includes patients who 
met the case definition and were reported to the CDC as of 4 
August 2021, had laboratory confirmation of SARS-CoV-2 

infection (patients without a positive test were excluded due to 
potential for misclassification) and who had an estimated date 
of MIS-C symptom onset were included in the analysis.

Information on the following methods of treatment were 
captured in the case report form: non-invasive respiratory treat-
ment (low flow or high flow oxygen nasal cannula, noninvasive 
ventilation); intubation/mechanical ventilation; extracorpo-
real membrane oxygenation (ECMO); vasoactive medications 
(eg, epinephrine, milrinone, norepinephrine, or vasopressin); 
steroids; immune modulators (eg, anakinra, tocilizumab); 
antiplatelets (eg, aspirin, clopidogrel); anticoagulants (eg, hep-
arin, enoxaparin, warfarin); dialysis; and intravenous immu-
noglobulin (IVIG), both single dose and 2 doses. Use of each 
category of treatment was recorded as a binary yes/no response; 
information on specific medications was collected for vaso-
active medications, immune modulators, anticoagulants, and 
antiplatelets, but additional information such as dose and dura-
tion were not systematically collected. In addition, given partic-
ular interest in the use of certain treatments commonly utilized 
as first-line therapies in patients with MIS-C (IVIG and ster-
oids), patients were divided into 4 mutually exclusive categories 
of anti-inflammatory treatments received. Those categories 
were (1) patients who received IVIG and steroids; (2) patients 
who received IVIG but not steroids; (3) patients who received 
steroids but not IVIG; and (4) patients who received neither 
steroids nor IVIG.

To assess trends over time, the proportion of MIS-C patients 
receiving each type of treatment was determined by month 
of symptom onset. Treatment trends were broken down by 
whether patients were admitted to an ICU, which was defined as 
having a documented date of ICU admission or known length 
of ICU stay or having received ICU-level treatment, including 
mechanical ventilation, vasoactive medication, or ECMO. The 
case report form did not contain information on the timing of 
treatments and clinical findings; as such, we cannot determine 
whether treatments preceded clinical findings, and any asso-
ciations are not intended to make inferences about treatment 
effectiveness. Statistical comparisons were performed using 
Cochran-Armitage tests for trend in proportions receiving 
treatments by month and age group, and Fisher exact tests for 
difference in proportions receiving treatments by race/ethnicity. 
Few MIS-C patients had onset date in the months at the be-
ginning of the study period (February 2020 and March 2020), 
although the final month in our study period (July 2021) also 
had smaller numbers due to expected delays in case reporting; 
proportions in these 3 months are not described due to poten-
tially imprecise results, but those data are included in the trend 
tests. All analyses were conducted using R version 4.0.2 [27]. 
This activity was reviewed by CDC and was conducted con-
sistent with applicable federal law and CDC policy (eg, 45 C.F.R. 
part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C.§241(d); 5 U.S.C. 
§552a; 44 U.S.C. §3501 et seq.).
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RESULTS

There were 4901 patients with suspected MIS-C reported to 
the CDC from 49 states along with the District of Columbia, 
New York City, and Puerto Rico, with dates of symptom 
onset between 19 February 2020 and 29 July 2021 [28]. Of 
those, 4470 (91.2%) met study inclusion criteria and were 
included in the analysis. The most commonly utilized treat-
ments were IVIG (administered to 85.6% of patients, out of 
which 18.1% received a second dose), steroids (77.7%), and 
antiplatelet medication (73.7%) (Figure 1). Other common 
treatments included anticoagulants (received by 44.7% of pa-
tients with MIS-C), vasoactive medications (37.8%), nonin-
vasive respiratory support (36.3%), and immune modulators 
(21.3%). Fewer than one tenth (9.4%) received intubation/
mechanical ventilation, 1.5% received ECMO, and 0.9% re-
ceived dialysis. For patients receiving anticoagulants, infor-
mation on specific anticoagulants was recorded for 1760 of 
2000 patients (88.0%): of those, 86.8% received enoxaparin, 
18.9% received heparin, 3.2% received rivaroxaban, and 
1.0% received apixaban (some patients received more than 
one medication and less common medications were not 
listed). Specific medications were recorded for 1456 of 
1690 (86.2%) patients receiving vasoactive treatment: the 
most common were epinephrine (66.1%), norepinephrine 
(35.5%), milrinone (27.2%), and dopamine (11.3%). For im-
mune modulators, information on specific medications was 

recorded for 795 of 954 (83.3%) patients: the most common 
were anakinra (79.1%), infliximab (21.2%), and tocilizumab 
(1.4%). Specific medications were recorded for 2928 of 3293 
(88.9%) patients receiving antiplatelet medications: almost 
all (99.9%) received aspirin. The most common combin-
ations of treatments received is shown in Supplementary 
Figure 1.

Figure 2 shows the number of MIS-C patients and propor-
tion of patients admitted to an ICU by month. The overall 
proportion of patients admitted to an ICU was 62.5%, which 
decreased over time from 78.7% in April 2020 to 57.5% in June 
2021 (P = .001) data from February-March 2020 and July 2021 
not described due to imprecise proportions from smaller sam-
ples. Among patients with MIS-C admitted to an ICU, use of 
IVIG increased from 65.0% in April 2020 to 82.6% in June 2021 
(P < .001), and similar increases were observed with the use 
of steroids (60.0% to 87.0%, P < .001) and antiplatelet med-
ication (37.0% to 69.6%, P < .001) (Figure 3A). Use of vaso-
active medications decreased from 75.0% in April 2020 to 
60.9% in June 2021 (P = .028). The use of IVIG, steroids, and 
antiplatelet medications rose more considerably for MIS-C pa-
tients who were not admitted to an ICU: use of IVIG increased 
from 70.4% in April 2020 to 94.1% in June 2021 (P < .001), 
use of steroids increased from 18.5% to 73.5% (P < .001), and 
use of antiplatelet medication increased from 63.0% to 79.4% 
(P < .001) (Figure 3B).

Figure 1. Proportion of patients with MIS-C given different treatments, CDC MIS-C national surveillance, February 2020 to July 2021. Abbreviations: CDC, Centers for 
Disease Control and Prevention; ECMO, extracorporeal membrane oxygenation; IVIG, intravenous immunoglobulin; MIS-C, multisystem inflammatory syndrome in children; 
MV, mechanical ventilation.
1Percentages are for the 2928 (88.9%) patients with information on specific antiplatelets; some patients had multiple types listed. 
2Percentages are for the 1760 (88.0%) patients with information on specific anticoagulants; some patients had multiple types listed.
3Percentages are for the 1456 (86.2%) patients with information on specific vasoactive medications; some patients had multiple types listed.
4Percentages are for the 761 (79.8%) patients with information on specific immune modulators; some patients had multiple types listed.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac072#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac072#supplementary-data
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For patients admitted to an ICU, the proportion of patients 
who received a combination of IVIG and steroids increased 
over time (43.0% in April 2020 to 76.1% in June 2021), whereas 
the proportion of patients who received IVIG but not steroids 
(22.0% to 6.5%) and patients who received neither IVIG nor 
steroids (18.0% to 6.5%) declined (Figure 4). Among patients 
not admitted to an ICU, there was a substantial increase in the 
proportion of patients who received both IVIG and steroids 
(14.8% in April 2020 to 67.6% in June 2021), although there 
were decreases in patients who received IVIG but not steroids 
(55.6% to 26.5%) and patients who received neither IVIG nor 
steroids (25.9% to 0.0%) (Figure 4B).

The proportion of patients receiving a given treatment was 
lower among older children for IVIG (received by 72.5% in 
patients aged 16–20) and antiplatelet medication (55.6% in 
patients aged 16–20) (Table 1). Conversely, the proportion 
of patients receiving treatments increased with age for other 
treatments: patients aged 0–4 generally had the lowest prev-
alence of use of steroids (69.1%), anticoagulation medication 
(31.5%), vasoactive medications (22.9%), noninvasive respi-
ratory treatment (22.9%), immune modulators (17.8%), in-
tubation/mechanical ventilation (6.5%), ECMO (1.1%), and 
dialysis (0.2%). Compared to non-Hispanic White patients, 
non-Hispanic Black patients were significantly more likely to 
receive a 2nd dose of IVIG (19.7% vs 14.5%, P = .001), anti-
coagulants (49.1% vs 41.0%, P < .001), vasoactive medications 
(44.9% vs 33.3%, P < .001), noninvasive respiratory treatment 
(42.3% vs 34.6%, P < .001), and intubation/mechanical ventila-
tion (13.2% vs 6.7%, P < .001) (Table 2).

DISCUSSION

This study described the frequency of treatments used for pa-
tients with MIS-C, how the use of those treatments has changed 
over time, and common combinations of treatments. Most no-
tably, the use of IVIG, steroids, and antiplatelet medication has 
become commonplace, regardless of disease severity, with each 
treatment being administered to over 70% of patients not ad-
mitted to an ICU in more recent months.

The development and publication of MIS-C clinical manage-
ment guidelines may have helped the adoption of more stand-
ardized treatment regimens. Both the ACR and the UK PIMS-TS 
guidelines recommend IVIG and aspirin for all MIS-C patients 
[16–20]. These guidelines suggest methylprednisolone for use 
in patients who remain refractory after IVIG treatment or as in-
itial treatment in patients with shock and/or organ threatening 
disease (ACR) or for KD-like patients under 12 months old or 
with coronary artery changes (UK PIMS-TS). It remains un-
clear how closely clinicians followed the ACR or UK PIMS-TS 
guidelines, as many institutions had their own protocols [29, 
30]. Although some institutions administered IVIG, steroids, 
and aspirin to all patients with MIS-C, many other institutions 
utilized a tiered approach, with the use of immunomodulatory 
and antiplatelet medications based on disease severity [31]. 
Our data show that the use of IVIG, antiplatelet medication, 
and steroids did not suddenly rise after the release of these clin-
ical management guidelines; rather, routine adoption of these 
treatments has been more gradual. Additionally, the current 
study did not contain information on specific type of steroid, 
dose, or duration, making it difficult to determine if treatment 
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Figure 2. Number of MIS-C patients and percent of patients admitted to an ICU by month, CDC MIS-C national surveillance, February 2020 to July 2021. Abbreviations: 
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followed published guidelines. The increases in use of IVIG, 
antiplatelet medication, and steroids were most pronounced in 
non-ICU MIS-C patients, indicating a substantial shift toward 
these treatments in all MIS-C patients, regardless of disease 
severity.

Results from additional observational studies may continue 
to influence management of MIS-C patients. A recent study 
from Son et al found that compared to IVIG alone, use of IVIG 

with glucocorticoids decreased risk of cardiovascular dysfunc-
tion, shock, and need for adjunctive therapy [32]. Our results 
showed that since 1 January 2021, over 70% of MIS-C patients 
who were not admitted to an ICU received both IVIG and ster-
oids; adoption of the recommendation from the aforementioned 
study might cause that number to further increase. However, 
McArdle et al found no difference in risk of inotropic or venti-
lator support for patients receiving IVIG with glucocorticoids 

Figure 3. Trends in treatments for patients with MIS-C by month for (A) patients admitted to an ICU during course of the hospitalization, and (B) patients not admitted to 
an ICU, CDC MIS-C national surveillance, April 2020 to June 2021. February 2020 (n = 1 for ICU, n = 0 for non-ICU), March 2020 (n = 5 for ICU, n = 2 for non-ICU), and July 
2021 (n = 19 for ICU, n = 19 for non-ICU) not included due to imprecise proportions from smaller samples. Abbreviations: CDC, Centers for Disease Control and Prevention; 
ICU, intensive care unit; IVIG, intravenous immunoglobulin; MIS-C, multisystem inflammatory syndrome in children. 
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compared to patients receiving IVIG alone; differences in study 
populations, patient inclusion criteria, and methods to control 
for confounding variables may have contributed to the dissim-
ilar results [33]. Ongoing clinical trials are aiming to test the 
effectiveness of infliximab, methylprednisolone, anakinra, and 
tocilizumab in MIS-C patients [23, 24]; these studies will be in-
valuable for improving clinical management and reducing risk 
of severe outcomes.

From the first encounters with MIS-C, clinical manage-
ment of MIS-C has been strongly influenced by recommended 
management for KD patients, for whom IVIG and aspirin 
are standard first-line treatments, while corticosteroids and 
infliximab are among the established treatments for adjunc-
tive therapy in patients believed to be at high risk for cardiac 
complications or for patients not responding to first-line IVIG 
treatment [34]. A study using data from 49 large US pediatric 

Figure 4. Trends in anti-inflammatory treatment combination categories for patients with MIS-C by month for (A) patients admitted to an ICU during course of the hospital-
ization, and (B) patients not admitted to an ICU, CDC MIS-C national surveillance, April 2020 to June 2021.Categories are mutually exclusive and add up to 100%. February 
2020 (n = 1 for ICU, n = 0 for non-ICU), March 2020 (n = 5 for ICU, n = 2 for non-ICU), and July 2021 (n = 19 for ICU, n = 19 for non-ICU) not included due to imprecise propor-
tions from smaller samples. Abbreviations: CDC, Centers for Disease Control and Prevention; ICU, intensive care unit; IVIG, intravenous immunoglobulin; MIS-C, multisystem 
inflammatory syndrome in children.
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hospitals found that roughly 19% of KD patients received a 
second dose of IVIG, while fewer than 6% received steroids and 
fewer than 3% received infliximab [35]. In the current study on 
patients with MIS-C, the proportion of IVIG recipients who re-
ceived a second dose was similar (18.1%), but the proportion 
of patients receiving steroids (77.7%) and immune modulators 
(21.3%) was substantially higher. Compared to patients with 
KD, patients with MIS-C have been shown to have greater levels 
of inflammation [14, 15, 36], have involvement of more organ 
systems, and have been more likely to have severe outcomes like 
shock, decreased cardiac function, myocarditis, pneumonia, 
and acute kidney injury (Godfred-Cato, submitted), which may 
explain the trend towards more aggressive treatment of patients.

Proportions of MIS-C patients receiving specific types of 
treatments differed by age group. Younger patients were more 

likely to receive IVIG and antiplatelet medication: KD is most 
common in children aged 0-4, and the common use of IVIG 
and antiplatelets in MIS-C patients of similar age likely reflects 
experience with treatment of clinically similar KD patients [34]. 
Conversely, all other treatments captured in the case report form 
were more commonly administered to older children. Previous 
analyses from MIS-C cases submitted to CDC have noted more 
severe disease in older patients including cardiac damage, 
shock, and pneumonia [37, 38]; the clinical manifestations 
would have required more thorough clinical management. This 
current study also found that non-Hispanic Black patients were 
more likely to receive a second dose of IVIG, anticoagulants, 
vasoactive medications, noninvasive respiratory treatment, im-
mune modulators, and intubation/mechanical ventilation; this 
is consistent with research showing that non-Hispanic Black 

Table 1. Proportion of Patients With MIS-C Receiving Different Treatments and Combinations of Treatments by Age Groupa, CDC MIS-C National 
Surveillance, February 2020 to July 2021

Treatments Age 0–4 n = 1087 Age 5–11 n = 2016 Age 12–15 n = 888 Age 16–20 n = 477 P-Valueb 

IVIG 934 (85.9%) 1773 (87.9%) 772 (86.9%) 346 (72.5%) <.001

2nd dose IVIG 166 (15.3%) 307 (15.2%) 155 (17.5%) 62 (13%) .871

Steroids 751 (69.1%) 1590 (78.9%) 749 (84.3%) 384 (80.5%) <.001

Antiplatelet medication 834 (76.7%) 1554 (77.1%) 638 (71.8%) 265 (55.6%) <.001

Anticoagulation medication 342 (31.5%) 857 (42.5%) 512 (57.7%) 288 (60.4%) <.001

Vasoactive medications 249 (22.9%) 763 (37.8%) 462 (52%) 215 (45.1%) <.001

Noninvasive respiratory treatment 249 (22.9%) 744 (36.9%) 401 (45.2%) 227 (47.6%) <.001

Immune modulators 193 (17.8%) 420 (20.8%) 225 (25.3%) 116 (24.3%) <.001

Intubation/mechanical ventilation 71 (6.5%) 163 (8.1%) 108 (12.2%) 77 (16.1%) <.001

ECMO 12 (1.1%) 21 (1%) 20 (2.3%) 16 (3.4%) <.001

Dialysis 2 (0.2%) 14 (0.7%) 11 (1.2%) 15 (3.1%) <.001

Abbreviations: CDC, Centers for Disease Control and Prevention; ECMO, extracorporeal membrane oxygenation; IVIG, intravenous immunoglobulin; MIS-C, multisystem inflammatory syn-
drome in children.
a 2 (0.0%) patients were missing information on age. 
bP Values are for Cochran-Armitage tests for trend by age group.

Table 2. Proportion of Patients With MIS-C Receiving Different Treatments and Combinations of Treatments by Race and Ethnicitya, CDC MIS-C National 
Surveillance, February 2020 to July 2021

 Non-Hispanic White n = 1217 Non-Hispanic Black n = 1307 Hispanic n = 1306 Other n = 377

Treatments n (%) n (%) P Valueb n (%) P Valueb n (%) P Valueb 

IVIG 1060 (87.1%) 1102 (84.3%) .047 1121 (85.8%) .383 332 (88.1%) .659

2nd dose IVIG 177 (14.5%) 258 (19.7%) .001 183 (14%) .733 49 (13%) .499

Steroids 970 (79.7%) 1048 (80.2%) .766 980 (75%) .006 291 (77.2%) .310

Antiplatelet medication 911 (74.9%) 967 (74%) .648 977 (74.8%) 1.000 281 (74.5%) .892

Anticoagulation medication 499 (41%) 642 (49.1%) <.001 597 (45.7%) .018 165 (43.8%) .370

Vasoactive medications 405 (33.3%) 587 (44.9%) <.001 468 (35.8%) .180 129 (34.2%) .755

Noninvasive respiratory treatment 421 (34.6%) 553 (42.3%) <.001 473 (36.2%) .405 119 (31.6%) .290

Immune modulators 254 (20.9%) 293 (22.4%) .359 284 (21.7%) .593 78 (20.7%) 1.000

Intubation/mechanical ventilation 82 (6.7%) 173 (13.2%) <.001 116 (8.9%) .046 29 (7.7%) .562

ECMO 18 (1.5%) 24 (1.8%) .535 17 (1.3%) .736 7 (1.9%) .636

Dialysis 10 (0.8%) 21 (1.6%) .102 8 (0.6%) .638 2 (0.5%) .742

Abbreviations: CDC, Centers for Disease Control and Prevention; ECMO, extracorporeal membrane oxygenation; IVIG, intravenous immunoglobulin; MIS-C, multisystem inflammatory syn-
drome in children.
a 263 (5.9%) patients were missing information on race/ethnicity.
bFisher exact P values testing for differences in proportions compared to non-Hispanic White patients.
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MIS-C patients were at greater risk of decreased cardiac func-
tion and ICU admission [37]. Although the exact cause of these 
racial disparities is unknown, factors such as insufficient access 
to healthcare, increased prevalence of underlying medical con-
ditions, and increased exposure to environmental pollutants 
can affect a wide range of health risks and outcomes [39].

Previous publications using the same CDC MIS-C surveil-
lance database have found that the percentage of patients re-
ported with severe outcomes has decreased over time [37, 38]. 
Although changes in clinical management for MIS-C have 
been noted in this study, the extent to which these changes 
may have improved patient outcomes cannot be determined. 
Increased recognition and published guidelines for MIS-C may 
have also resulted in more rapid administration of treatments. 
However, this hypothesis also cannot be verified through this 
study: there was no observable difference in days from MIS-C 
symptom onset to hospital admission over time, and the data-
base did not include information on when treatments were first 
administered.

The primary limitation of this study is that the results cannot 
be used to make inferences about the effectiveness of specific 
treatments. As an observational study, confounding by indica-
tion for treatment would likely be a major source of bias; this is 
compounded by the lack of timing information on most clin-
ical findings and treatments, making it difficult to determine 
if treatments necessarily preceded outcomes for analyzed pa-
tients. Preliminary attempts at controlling for this bias through 
stratification or through propensity score matching were not 
promising—even after these controls were applied, use of most 
treatments was still associated with greater probability of severe 
outcomes, suggestive of residual confounding. Additional lim-
itations regarding data availability include (1) lack of informa-
tion on additional interventions such as antivirals/antibiotics or 
fluid resuscitation; (2) no information on vaccination status; (3) 
lack of information on medication dose and duration; and (4) 
lack of trended laboratory marker data. Access to SARS-CoV-2 
testing and other case identification and reporting consider-
ations may have varied over time and jurisdiction. Without a 
specific diagnostic test for MIS-C, this study may have included 
patients with other inflammatory syndromes who had clinical 
pictures overlapping with MIS-C.

CONCLUSION

The present study, using a large nationwide data set of patients 
going back to the beginning of the MIS-C outbreak, provided 
important information characterizing patterns of clinical man-
agement of patients with MIS-C across institutions and over 
time. This information may help augment the evolving under-
standing of best practices in the clinical management of MIS-C 
and inform future considerations on the care of children with 
this serious condition.
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Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the corre-
sponding author.

Supplementary Figure 1. Most common combinations of six different 
treatments received for patients with MIS-C, CDC MIS-C national surveil-
lance, February 2020—July 2021.aTreatment combinations are listed below 
each column; for example, the first column shows that 13% of patients with 
MIS-C received IVIG, steroids, antiplatelet medication, and none of the 
other listed treatments.

IVIG = intravenous immunoglobulin; Y = Yes; N = No
aFigure displays the 30 most common treatment combinations which are 

used in 94.3% of patients; an additional 29 combinations are not shown.
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