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Discriminating Multisystem Inflammatory Syndrome in Children Requiring
Treatment from Common Febrile Conditions in Outpatient Settings

Rebecca F. Carlin, MD"%"*  Avital M. Fischer, MD"®"* Zachary Pitkowsky, BA®, Dori Abel, MD’, Taylor B. Sewell, MD,
MBA'-®’  Erika Grun Landau, MD, MS®, Steve Caddle, MD, MPH>®’, Laura Robbins-Milne, MD>®’, Alexis Boneparth, MD*%,
Josh D. Milner, MD*®’, Eva W. Cheung, MD"*®7, Philip Zachariah, MD, MS*®7 Melissa S. Stockwell, MD, MPH™%",
Brett R. Anderson, MD, MBA, MS*®7 and Mark Gorelik, MD*®’

Objectives To examine whether patients with multisystem inflammatory syndrome in children (MIS-C) demon-
strated well-defined clinical features distinct from other febrile outpatients, given the difficulties of seeing acute
care visits during the severe acute respiratory syndrome coronavirus 2 pandemic and the risks associated with
both over- and underdiagnosis of MIS-C.

Study design This case-controlled study compared patients diagnosed with and treated for MIS-C at a large ur-
ban children’s hospital with patients evaluated for fever at outpatient acute care visits during the peak period of
MIS-C. Symptomatology and available objective data were extracted. Comparisons were performed using t tests
with corrections for multiple comparisons, and multivariable logistic regression to obtain ORs.

Results We identified 44 patients with MIS-C between April 16 and June 10, 2020. During the same period, 181
pediatric patients were evaluated for febrile illnesses in participating outpatient clinics. Patients with MIS-C re-
ported greater median maximum reported temperature height (40°C vs 38.9, P < .0001), and increased frequency
of abdominal pain (OR 12.5, 95% CI [1.65-33.24]), neck pain (536.5, [2.23-129,029]), conjunctivitis (31.3, [4.6-
212.8)), oral mucosal irritation (11.8, [1.4-99.4]), extremity swelling or rash (99.9, [5-1960]), and generalized rash
(7.42, [1.6-33.2)). Patients with MIS-C demonstrated lower absolute lymphocyte (P < .0001) and platelet counts
(P < .05) and greater C-reactive protein concentrations (P < .001).

Conclusions Patients treated for MIS-C due to concern for potential cardiac injury show combinations of features
distinct from other febrile patients seen in outpatient clinics during the same period. (J Pediatr 2021,229:26-32).

ultisystem inflammatory syndrome (MIS-C) is a novel inflammatory disease that emerged worldwide between April

and May of 2020."” Characterized by fever and a broad array of signs and symptoms and frequently presenting with

shock, a major morbidity associated with MIS-C is cardiac injury with cardiac dysfunction and occasionally with
aneurysms.”” MIS-C has been temporally linked with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion and appears to be related to a dysregulated immunologic response to this infection that occurs primarily in children.”

Critical questions and challenges have emerged since the first descriptive reports of MIS-C. First, we do not know if this is the

“tip of the iceberg”” and if admitted cases to date represent a small, but severe, fraction of a similar phenotype that was observed
in the outpatient setting. Second, we are confronted with the difficulty of discriminating patients with MIS-C requiring early
referral for cardiac evaluation from the broad number of children coming to medical attention to primary care and other outpa-
tient settings because of fever. Further amplifying the challenge, patients with MIS-C have presented with and without shock,
and with and without features overlapping with Kawasaki disease (KD) and toxic shock syndrome. Neither the presence of
shock nor KD features have been helpful in predicting cardiac complications, including aneurysms, cardiac inflammation,
and mechanical dysfunction.””” In addition, with the expansion of telehealth, the limited hours and capacity in pediatricians’
offices, and the reluctance of families to seek in-person visits in offices and emer-
gency departments (EDs), pediatricians often are evaluating patients remotely
with fractured care from other urgent care or telemedicine services.

In recognition of these challenges, we analyzed outpatient records to deter- From the Divisions of 'Pediatric Critical Care and
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clinics. Given the broad nature of some diagnostic guidelines
for MIS-C, our intention was to seek “red-flags” to indicate
need for requiring further referral and evaluation.

We retrospectively reviewed the charts of patients with MIS-
C presenting to a tertiary care hospital during the peak of
MIS-C cases and all sick-visit encounters for febrile patients
at a subset of affiliated pediatric primary care clinics during
the same period. Study staff reviewed each encounter of pa-
tients meeting inclusion criteria related to the febrile episode
of interest.

To construct the MIS-C cohort, we reviewed the records of
patients reported as possible MIS-C to the New York City
Department of Health by our institution from April 16 to
June 10, 2020." Patients with MIS-C were then defined as pa-
tients who were treated with corticosteroid and intravenous
immunoglobulin after consulting rheumatologists and infec-
tious disease physicians determined cases as highly concern-
ing for MIS-C. We identified patients with KD who were
assessed by the same consulting services at our institution,
who were determined, based on American Heart Association
2017 guidelines'’ and clinical judgment, to have focused
symptoms only consistent with KD; these cases were
excluded from most analysis. Our analysis focuses on symp-
toms reported at presentation for patients with MIS-C, and
although outpatient records were not available for MIS-C
cases, pertinent information from ED documentation was re-
viewed and used.

The febrile outpatient cohort was constructed using a
comprehensive list of all acute outpatient visits to partici-
pating hospital-affiliated primary care clinics during the
same time period. Patients were included if they were
brought for evaluation of a febrile illness. Because no patients
with MIS-C were infants, patients younger than 12 months of
age were excluded. A subset of the febrile outpatients also was
evaluated after clinic visit in our ED for the same febrile
illness. These encounters were included as both part of the
larger febrile outpatient group and as a separate subset
(“ED group”) for some analyses. Three children in the febrile
outpatient group had more than 1 febrile episode during the
study period, with documented periods of wellness in be-
tween; for ease of interpretation, only the final febrile episode
was included in the main analysis. All reviewed encounters
included demographic data, reported symptomatology over
the course of their illness up to the point of presentation,
findings on examination, results of basic laboratory tests, sus-
pected or confirmed exposure to SARS-CoV-2, and final
documented diagnosis.

Historical clinical variables that were not documented as
being present by providers were presumed negative. For pur-
poses of analysis, each patient’s febrile episode was repre-
sented as one clinical encounter. For patients with multiple
encounters for the same illness, each visit was reviewed and
all information through the last encounter was included in
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the patient’s symptomatology. Objective data, including vital
signs and laboratory test results, were captured as repeated
measures if there were multiple outpatient or ED encoun-
ters/tests.

Fever was defined as a temperature of >38°C. Maximum
reported temperature was based on parental report. If a pa-
tient’s chart documented reported fever but did not docu-
ment a measured temperature, or the only measured
temperature was <38°C, the patient was deemed febrile for
data analysis, but their maximum fever height was recorded
as “subjective.”

Statistical Analyses
Clinical and demographic variables were described using
summary statistics and compared using univariable analyses
among febrile outpatients, febrile outpatients referred to the
ED, and patients with MIS-C. For temperature height and
duration comparisons, the Student ¢ test was performed
with false discovery analysis using the 2-stage linear step-up
procedure of Benjamini, Krieger, and Yekutieli, with
Q = 1%. Each row was analyzed individually. For tempera-
ture comparisons for duration and height, second-order
polynomial curves were fitted to data points from all outpa-
tients and patients referred to the ED, and all patients with
MIS-C, and 95% CI bands were plotted. For patient charac-
teristics associated with MIS-C, significance levels of <0.1
were tested in logistic regression via stepwise, forward pro-
cedure. Patient characteristics with significance levels <.05
in multivariable analyses were retained in the final models.
Models were tested for confounding and effect modification.
In sensitivity analyses, we then repeated analyses, including
the 3 patients with more than 1 febrile episode, and clustered
SEs for repeat patients. For collinear variables, adjusted R*
was used to determine variable inclusion. For ORs, a non-
parsimonious logistic regression model without stepwise
procedure using all variables was done. Statistical analysis
was performed using STATA, version 16 (StataCorp LLC)
and figures/additional statistics using PRISM 8.3 (GraphPad
Software).

This study was approved by the Columbia University Irv-
ing Medical Center institutional review board. A waiver of
informed consent was provided.

We identified 59 patients meeting New York City Depart-
ment of Health-reportable criteria for possible MIS-C''
who were admitted to our institution during the study time
frame. Of these, 44 patients were diagnosed with and treated
for MIS-C; 7 met criteria for only KD and were excluded.
Overall, 181 control patients were identified with 184 sepa-
rate febrile episodes. Of patients initially seen in ambulatory
clinics, 23 patients also had ED visits.

The demographics of each group are described in Table I.
Patients with MIS-C generally were older than patients with
other febrile illnesses and KD, with a median age of 8.2 years
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Table I. Patient demographics
Febrile controls Febrile controls
All groups (outpatient) (ED) MIS-C KD*
Variables N =232 N =158 N=23 N=44 N=7
Median age, mo (IQR) 64 (28-109) 61 (27-97) 27 (16-70) 99 (64-157) 29 (15-47)
Female, % 47% 46% 43% 52% 71%
Ethnicity
Hispanic (%) 116 (50) 83 (53) 14 (61) 18 (41) 1(14)
Unknown 36 (15) 16 (10) 4(17) 11 (25) 5(71)
Race
White 109 (47) 79 (50) 9 (39) 17 (39) 4 (57)
Black 43 (19) 27 (17) 4(17) 12 (27) 0(0)
Other 46 (20) 32 (20) 7 (30) 7 (16) 0(0)
Unknown 34 (15) 20 (13) 3(13) 8(18) 3(43)
SARS-Cov-2 PCR + (tested in our institution)’ 12/75 (16) 1/8 (13) tested 1/17 (6) tested  9/43 (21) tested 1/7 (14) tested
tested
SARS-Cov-2 serology + (tested in our 14/60 (23) 3/10 (30) tested 0/3 (0) tested 40/42 (95) 2 positive, 1 indeterminate/5
institution)" tested tested tested
Reported COVID-19 exposure 77/232 (33) 44/158 (28) 5/23 (23) 25/44 (57) 3/7 (43)
Outside test positive 48 30 3 14 1
Suspected/family history (exclusive) 29 14 2 11 2 )
\

COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction.

*Seven patients admitted with prolonged fever did not have typical features of MIS-C (such as abdominal pain or neurologic features). These patients were treated following American Heart As-

sociation KD criteria only. '

tNasopharyngeal SARS-CoV-2 reverse transcriptase polymerase chain reaction (RT-PCR) testing (Roche Cobas SARS-CoV-2 assay), and COVID-19 antibody testing (New York State Department of
Health—approved combined assay for IgM and IgG antibodies against SARS-CoV-2 spike trimer or nucleocapsid protein).

(IQR 5.3-13 years) vs 3.5 years (IQR 1.4-6.9 years) vs
2.4 years (1.3-3.9 years, P < .001), consistent with previous
reports.' ”'" There were no significant differences between
MIS-C and febrile outpatient groups in regard to sex, race,
or ethnicity. Greater than 50% of the patients in both
groups identified as Hispanic, consistent with the
background population our institution serves.

Clinical and Symptom Complex of Patients with
MIS-C vs Febrile Controls
Patients admitted and treatment for MIS-C had greater levels
of SARS-CoV-2 association (reported contact and laboratory
confirmed), significantly greater maximum reported temper-
atures (40.0°Cvs 38.9°C, P<.001) (Figure 1, A) and a greater
total duration of fever reported at the time of seeking medical
attention (5 days vs 2 days, P < .001) (Figure 1, B) than other
febrile outpatients. In addition, 42 febrile outpatient
controls, and 1 who was referred to the ED, had fever that
had resolved before medical attention. None of the patients
in the MIS-C group had fever that resolved before
treatment, including a patient who was only recognized to
have MIS-C 15 days into his hospitalization and had
persistent fevers during this entire period. Figure 1, C
illustrates a reported duration of fever before seeking care
and demonstrates that the patients who required admission
and treatment for MIS-C had a greater temperature at all
time points compared with febrile outpatients. When
matching for age and location of presentation (ED and
patients with MIS-C only), the finding that patients with
MIS-C had significantly greater temperatures compared
with other febrile children persisted (Figure 1, D).

Figure 2 (available at www.jpeds.com) shows reported
major symptomatology and other features of patients in
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each of the groups. Symptomatology correlation of all
variables (Figure 3, A) and multivariable regression were
performed to look at correlations and significant
symptoms. Resolution of both fever and presence of upper
respiratory congestion demonstrated the trend of a modest
negative correlation with the absence of MIS-C requiring
treatment due to evidence of possible cardiac injury. The
presence of abdominal pain, vomiting, mucosal irritation,
neck pain or stiffness, and rash all were associated with a
significant (P < .05) correlation with MIS-C requiring
treatment (Figure 3, B). A list of most common diagnoses
for the febrile outpatients is presented in Table II
(available at www.jpeds.com).

Laboratory and Echocardiographic Features
Comparisons

Of 181 febrile outpatients, most were seen as telehealth visits,
which did not include laboratory testing; only patients
referred to the ED, and in rare cases, patients seen in person
in an outpatient clinic had blood or urine testing performed.
Therefore, we only compared laboratory test results for the
ED group’s for MIS-C (Figure 4). At the time of
presentation, our MIS-C cohort compared with febrile
patients in the ED demonstrated profound lymphopenia
(absolute lymphocyte counts 900 cells/uL, 490-1700 vs
2860, 1900-5400, respectively; P < .001) and greater
percentage of neutrophils (80.5%, 71.6-85.7 vs 40.1%, 19.0-
60.0, respectively; P < .001). Patients with MIS-C requiring
admission and treatment also tended to have a lower initial
platelet count (179 000/uL, 130 000-243 000 vs 224 000/uL,
195 000-308 000; P < .05) than other febrile patients.
Finally, our patients with MIS-C demonstrated markedly
elevated C reactive protein serum concentrations (164 mg/
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Figure 1. Characteristics of fever and clinical symptoms in MIS-C vs febrile outpatients. A, Height of fever was significantly
elevated in patients with MIS-C vs febrile outpatients and febrile outpatients referred to the ED. B, Duration of fever was longer at
time of presentation in patients with MIS-C compared with both febrile outpatient groups, and C, maximum reported temperature
height was greater in patients with MIS-C when comparing with reported days of fever. D, Matching for age and site of care (ED)
by randomly selecting closely age-matched patients from each group demonstrates that fever height in MIS-C remains elevated
as compared with febrile outpatients presenting at the ED. OP, outpatient.

L, 52-250) and N-terminal brain natriuretic peptide (ntBNP)
levels (6700 pg/uL, 2509-25 550). These were statistically
greater than observed in febrile outpatients (4 mg/L, IQR
<1-14.8 and 98, IQR 65-194; P < .001 for both); however,
these tests were performed only in 14 and 9 outpatients,
respectively. Patients with KD had greater absolute
lymphocyte counts and lower ntBNPs than patients with
MIS-C but made up a very small number of patients
(Figure 5; available at www.jpeds.com).

The majority of patients treated for MIS-C showed some
evidence of end-organ dysfunction in the form of shock
and/or echocardiographic evidence of cardiac involvement
or dysfunction (Table III; available at www.jpeds.com).

We found a clear difference in presenting symptomatology
and basic laboratory test findings in patients diagnosed and
treated for MIS-C compared with febrile outpatients who
received other diagnoses. We do not yet know the conse-
quences of a missed diagnosis of MIS-C, but in a number
of patient series (with the total number of patients described
to date being <1000), the incidence of cardiac damage in the

Discriminating Multisystem Inflammatory Syndrome in Children Requiring Treatment from Common Febrile Conditions in

Outpatient Settings

form of aneurysm is small but present (approximately 8%-
10%), and few patients have died.>>>"!! At the same time,
there is risk in overdiagnosing and overtreating presumed pa-
tients with MIS-C. Unpublished communications suggest
that patients with other serious conditions, including malig-
nancies, have been treated with corticosteroids and intrave-
nous immunoglobulin for presumed MIS-C before a
correct diagnosis. Although patients presenting in shock
are clearly distinct from than those presenting with low-
grade fevers, “rule-out” MIS-C had to be considered for the
majority of children coming to attention because of fever.
The question of when to refer patients for full laboratory
and cardiac evaluation plagued outpatient providers. Our
study demonstrates some useful “red-flags.” For instance,
an older patient with high-level and prolonged fever, rash, se-
vere abdominal pain, and neck pain or stiffness, with a his-
tory of suspected SARS-CoV-2 exposure, should be
referred. A younger patient with a low-grade fever and upper
respiratory congestion should have follow-up but not further
evaluation.

Difficulty clearly identifying MIS-C in a clinical setting ex-
tends to difficulty in studying and understanding the disease
in a research setting. This issue was raised by Rowley, who
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Figure 3. A, Symptomatology correlation and B, OR of patients with MIS-C vs febrile outpatients and patients referred to the
ED. Correlation number refers to R values using obtained by Pearson-type correlation. ORs were calculated using a non-

parsimonious multivariable regression.

noted that the “very broad case definition for MIS-C is of
concern...because inclusion of children who have other con-
ditions will skew results and obscure accurate conclusions.”'”
Thus, we defined our MIS-C cohort for study as patients who
received treatment not only after meeting suggested MIS-C
criteria but also having evidence of potential cardiac involve-
ment by either cardiac dysfunction on echocardiogram, cor-
onary abnormalities, or sustained, progressive or markedly
elevated ntBNP. Elevated ntBNP has been reported to be
associated with cardiac dysfunction or cardiogenic shock in
the context of MIS-C.'*'* However, it should be noted in
our cohort that all 44 patients in the MIS-C cohort who
were treated had abnormal ntBNP and only 56% had
abnormal function on echocardiogram and 5% had coronary
abnormalities. This emphasizes the nonspecific nature of
ntBNP as a marker of cardiac dysfunction, but suggests it
may have a role in prompting further cardiac evaluation
for suspected MIS-C.

Our study has significant limitations. Perhaps most
importantly, MIS-C cases were initially observed in the
ED, whereas most controls were seen at outpatient tele-
health visits. Although this presents some challenges to
interpretation, 2 points are of particular importance. First,
records from both groups were upon initial encounter with
our healthcare system and thus, we had a full history poten-
tially providing effectively the same information for both
groups. Second, in light of the limitations introduced by
the pandemic, outpatient telehealth visits replaced in-
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person urgent care visits. MIS-C and febrile outpatients
had similar distributions of sex, race, and ethnicity, were
drawn from within our hospital referral area, and during
the same time period. Third, laboratory data in the febrile
outpatients are limited. Fourth, data on the history of pre-
sent illness and exposures are limited to a retrospective
chart review. Such data were likely more robust in those
hospitalized for MIS-C. Fifth, there was no formal follow-
up of febrile children. However, none of our control pa-
tients subsequently were admitted in our system with a
diagnosis of MIS-C.

Symptomatology at one point in time may be under-
reported in retrospective studies. Abdominal pain, however,
associated with MIS-C typically is severe and suggestive of
peritoneal irritation, with guarding and rebound almost al-
ways present. Rash in these patients on the other hand is
generally polymorphous, at times evanescent, often diffuse
with a predominance of the trunk, with macular erythema-
tous and blanching lesions. Similarly, some laboratory fea-
tures seen at initial presentation of MIS-C are not static.
Although platelet counts are depressed during initial presen-
tation, they tend to rise dramatically (2- or 3-fold above
normal range) in patients at later time points.

Although KD and MIS-C can have overlapping fea-
tures,”'>'° for our study, we excluded patients with clearly
recognizable KD and no extended features as seen in MIS-
C from formal comparisons. Findings in our KD patients
were included to give readers the full view of the data.

Carlin et al
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Figure 4. Laboratory testing discriminators for patients with MIS-C vs patients referred to the ED.

Our data suggest that children who will require interven-
tion for MIS-C are clinically distinguishable from other
febrile children and that red flags can be sought and patients
identified who will require further evaluation. Further long-
term study of children exposed to SARS-COV-2 is needed to
clarify whether a spectrum of MIS-C phenotypes exists that
also could be associated with cardiac injury or long-term
cardiac sequelae. B
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50 Years Ago in THE JOURNAL OF PEDIATRICS

Diagnostic Utility of the Newborn Electrocardiogram
Hastreiter AR, Abella JB. The electrocardiogram in the newborn period. II. The infant with disease. ] Pediatr 1971;78:346-54.

astreiter and Abella described the use of the electrocardiogram (ECG) in healthy infants in January of 1971." In
H the following issue, 50 years ago in The Journal they went on to comprehensively describe infant pathologies de-
tected by ECG. In addition to the most common arrhythmias and electrolyte disturbances, the authors described sinus
bradycardia in premature infants, as well as ECG changes in respiratory distress syndrome with hypoxia and acidosis.
Further, they elaborated on the ECG findings of congenital heart diseases, including ventricular septal defect, cor tri-
atriatum, aortic atresia, total anomalous pulmonary venous connection, double-outlet right ventricle, tricuspid
atresia, Ebstein anomaly, truncus arterious communis, transposition of great vessels, and patent ductus arteriosus.
The decade after these 2 comprehensive papers by Hastreiter and Abella in The Journal, echocardiography and pulse
oximetry technologies were introduced to neonatal medicine.”’ Pulse oximetry is now routinely used for continuously
measuring infant oxygenation, to assess heart rate, and to some extent bradyarrhythmias and tachyarrhythmias.’
Although pulse oximetry is commonly available in neonatal intensive care units, the access to a trained echocardiog-
rapher might be limited, especially during night, weekend, and holiday shifts. With emerging technology the past 5 de-
cades, clinicians may have forgotten the vast information systematized by Hastreiter and Abella and others regarding
the ECG, which can be used not only for assessing cardiac rhythm, but also to diagnose congenital heart disease and
other pathologies including electrolyte disturbances and pulmonary disease with hypoxia in newborn infants. The
knowledge presented by Hastreiter and Abella might still be a useful adjunct to diagnose infants with cyanosis and
suspected congenital heart disease, especially when echocardiography is not readily available.
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Oslo, Norway
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Figure 2. Descriptive bar graphs of symptomatology in patients with MIS-C vs febrile outpatients.
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Figure 5. Differences in laboratory findings and age in pa-
tients with KD vs patients with MIS-C.
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Table II. Most common and notable outpatient or ED Table III. Evidence of end-organ dysfunction in the
diagnoses MIS-C group. STROBE Statement—Checklist of items
Diagnoses Number of patients that should be included in reports of case-control

— — studies
Viral iliness/syndrome/infection 62
COVID-19/suspected COVID-19 18 MIS-C
Fever not otherwise specified 14 Evidence N=44
Pharyngitis (non-streptococcal 12
R s Elevated ntBNP 44/44,100%
Streptococcal pharyngitis 9 Median ntBNP 6700 pg/uL
S e 5 Abnormal echo 25/44 (56%)
Atopic dermatitis 7 Thereof: “Low normal”/Mild dysfunction 15/44 (34%)
Acute otitis media 6 Moderate dysfunction 10/44 (22%)
Appendicitis 1 Aneurysms 2/44 (1 moderate, 1 mild) (5%)
Intussusception 1 Hypotension/dehydration requiring saline 28/44 (67%)
\ J boluses
COVID-19, coronavirus disease 2019. L Shock requiring pressor support 12/44 (27%) )
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