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IMPORTANCE To date, no study has characterized the mucocutaneous features seen in
hospitalized children with multisystem inflammatory syndrome in children (MIS-C) or the
temporal association of these findings with the onset of systemic symptoms.

OBJECTIVE To describe the mucocutaneous findings seen in children with MIS-C during the
height of the coronavirus disease 2019 (COVID-19) pandemic in New York City in 2020.

DESIGN, SETTING, AND PARTICIPANTS A retrospective case series was conducted of 35 children
admitted to 2 hospitals in New York City between April 1and July 14, 2020, who met Centers
for Disease Control and Prevention and/or epidemiologic criteria for MIS-C.

MAIN OUTCOMES AND MEASURES Laboratory and clinical characteristics, with emphasis on
mucocutaneous findings, of children who met criteria for MIS-C. The characterization of
mucocutaneous features was verified by 2 board-certified pediatric dermatologists.

RESULTS Twenty-five children (11 girls [44%]; median age, 3 years [range, 0.7-17 years]) were
identified who met definitional criteria for MIS-C; an additional 10 children (5 girls [50%];
median age, 1.7 years [range, 0.2-15 years]) were included as probable MIS-C cases (patients
met all criteria with the exception of laboratory test evidence of severe acute respiratory
syndrome coronavirus 2 [SARS-CoV-2] infection or known exposure). The results of
polymerase chain reaction tests for SARS-CoV-2 were positive for 10 patients (29%), and the
results of SARS-CoV-2 immunoglobulin G tests were positive for 19 patients (54%). Of the 35
patients, 29 (83%) exhibited mucocutaneous changes, with conjunctival injection (n = 21),
palmoplantar erythema (n = 18), lip hyperemia (n = 17), periorbital erythema and edema

(n = 7), strawberry tongue (n = 8), and malar erythema (n = 6) being the most common
findings. Recognition of mucocutaneous findings occurred a mean of 2.7 days (range, 1-7
days) after the onset of fever. The duration of mucocutaneous findings varied from hours to
days (median duration, 5 days [range, O-11 days]). Neither the presence nor absence of
mucocutaneous findings was significantly associated with overall disease severity.

CONCLUSIONS AND RELEVANCE In this case series of hospitalized children with suspected
MIS-C during the COVID-19 pandemic, a wide spectrum of mucocutaneous findings was
identified. Despite their protean and transient nature, these mucocutaneous features serve
as important clues in the recognition of MIS-C.
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ultisystem inflammatory syndrome in

children (MIS-C) has emerged as a pediatric conse-

quence of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection.! Characterized by fever,
multiorgan involvement, and known or suspected exposure
to SARS-CoV-2, MIS-C demonstrates clinical overlap with
Kawasaki disease (KD), a rare medium-vessel vasculitis that
typically occurs in children younger than 5 years.?
Mucocutaneous findings have been reported in up to 74% of
patients with MIS-C,? although no studies have detailed the
morphologic characteristics, distribution, or evolution of
these eruptions, to our knowledge. In this report, we
characterize the mucocutaneous manifestations of MIS-C in
a cohort of hospitalized children at our institution.

Methods

We performed a retrospective case series of pediatric
patients hospitalized with suspected MIS-C or KD from April
1 to July 14, 2020, at New York University (NYU) Langone
Health Hassenfeld Children’s Hospital and NYU Winthrop
Hospital. We screened all patients with suspected MIS-C or
KD for whom pediatric rheumatology and/or infectious dis-
ease specialists were consulted. Using the Centers for
Disease Control and Prevention case definition of
MIS-C, patients were included if they met all of the
following criteria: (1) aged 21 years or younger presenting
with fever, laboratory evidence of inflammation, and severe
illness requiring admission; (2) had involvement of at least 2
organ systems; and (3) had no alternative plausible
diagnosis.* We documented laboratory evidence of SARS-
CoV-2 infection and history of suspected SARS-CoV-2 expo-
sure but did not exclude based on this criterion alone
because many patients in New York City became infected
without known exposures.® Cases were classified as either
confirmed or probable MIS-C based on positive results of
laboratory testing and/or known coronavirus disease 2019
(COVID-19) exposure. Included patients were evaluated for
KD using criteria established by the American Heart
Association.® Data regarding demographic characteristics,
clinical and laboratory test features, and treatments were
collected. Mucocutaneous findings were characterized by 2
board-certified pediatric dermatologists (S.J.0. and V.S.0.)
through a combination of in-person evaluation (24% [7 of
29]), review of photographs (62% [18 of 29]), and review of
documentation provided by pediatric rheumatology or
infectious disease specialists (14% [4 of 29]). The Wilcoxon
test (for continuous age) and the Pearson x?2 test and the
Fisher exact test (for counts <5) were used to examine
associations between confirmed vs probable MIS-C cases
and independent clinical and demographic variables.
All P values were from 2-sided tests, and results were
deemed statistically significant at P < .05. This study was
approved by the New York University Grossman School of
Medicine Institutional Review Board, which waived paren-
tal consent because all data were deidentified and obtained
retrospectively.
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Key Points

Question What were the mucocutaneous findings in hospitalized
patients with multisystem inflammatory syndrome in children
(MIS-C) during the peak incidence of coronavirus disease 2019
(COVID-19) in New York City in 2020?

Findings This case series included 35 hospitalized children who
met definitional and/or epidemiologic criteria for MIS-C, 83% of
whom exhibited mucocutaneous symptoms that lasted from hours
to days. Conjunctival injection, palmoplantar erythema, lip
hyperemia, periorbital erythema and edema, strawberry tongue,
and malar erythema were the most common findings.

Meaning This study suggests that mucocutaneous findings, while
polymorphous and transient, may aid in the recognition of MIS-C.

|
Results

Among 56 screened patients, 35 met inclusion criteria
(Table). Twenty-five children (11 girls [44]; median age, 3
years [range, 0.7-17 years]) met definitional criteria for
MIS-C, while the remaining 10 children (5 girls [50%];
median age, 1.7 years [range, 0.2-15 years]) were included as
probable MIS-C cases.

The results of polymerase chain reaction tests for SARS-
CoV-2 were positive for 10 patients (29%), and the results of
SARS-CoV-2 immunoglobulin G tests were positive for 19
patients (54%). Twenty-nine patients (83%) exhibited
mucocutaneous findings (eTable 1 in the Supplement). Con-
junctival injection (n = 21), palmoplantar erythema (n = 18),
lip hyperemia (n = 17), lip cracking (n = 13), periorbital ery-
thema and edema (n = 7), strawberry tongue (n = 8), and
malar erythema (n = 6) were the most common findings
(Figure 1). Additional cutaneous morphologic findings
included scarlatiniform eruptions (n = 5), morbilliform
eruptions (n = 3), urticarial eruptions (n = 3), and reticu-
lated eruptions (n = 3) (Figure 2). There was no statistically
significant difference between patients younger than 3 years
(n =17) and those aged 3 years or older (n = 18) with regard
to the development of certain mucocutaneous symptoms.
Among patients with mucocutaneous changes, 19 of 29
experienced fever a mean of 2.7 days (range, 1-7 days) before
recognition of the first mucocutaneous finding. The remain-
der either developed fever and mucocutaneous symptoms
concurrently (4 of 29) or developed mucocutaneous symp-
toms prior to fever (5 of 29 [mean, 1.4 days; range, 1-2
days]); in 1 patient, it was unclear whether fever or mucocu-
taneous findings developed first. The duration of mucocu-
taneous symptoms was highly variable, lasting hours to
days (median, 5 days [range, 0-11 days]). By the study end
date, 34 patients had been seen for outpatient follow-up,
and 9 experienced palmoplantar desquamation (eFigure in
the Supplement) up to 1 month after fever onset. One
patient underwent a skin biopsy of a morbilliform eruption
suspected to be associated with MIS-C, which showed a
nonspecific perivascular lymphohistiocytic infiltrate with
focal interface changes.
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Table. Demographic and Clinical Characteristics of Patients
With Multisystem Inflammatory Syndrome in Children

Table. Demographic and Clinical Characteristics of Patients
With Multisystem Inflammatory Syndrome in Children (continued)

Characteristic

Patients, No. (%) (N = 35)°

Characteristic Patients, No. (%) (N = 35)*

Age, median (range), y 2(0.2-17) Patients who met criteria for Kawasaki disease®
Female 16 (46) Kawasaki disease
Race/ethnicity® Typical 14 (40)
Hispanic 12 (34) Incomplete 7 (20)
Black 10(29) Kawasaki shock syndrome 4(11)
White 6(17) Treatments'
Asian 4(11) Intravenous immunoglobulin 27 (77)
Pacific Islander or Native Hawaiian 1(3) Systemic corticosteroids? 24 (69)
Unknown or not reported 2(6) Aspirin 22 (63)
COVID-19 diagnosis or exposure Remdesivir 3(9)
Positive laboratory test result (PCR and/or 21 (60) Anakinra 3(9)
19G
96) Hospitalization
SARS-CoV-2
= Admitted to ICU 10 (29)
Nasopharyngeal PCR and IgG positive 8(23)
o ICU length of stay, median (range), d 6 (3-28)
Nasopharyngeal PCR positive only© 2 (6)
o Hospital length of stay, median (range), d 5(2-55)
19G positive only 11 (31)
Known exposure to a contact with COVID-19 17 (49) Abbr.eviations: CO\{ID-19, coronavirus diseasg 2019; IFU, intensive care unit;
: 1gG, immunoglobulin G; PCR, polymerase chain reaction; SARS-CoV-2, severe
Negative laboratory test results acute respiratory syndrome coronavirus 2.
Known COVID-19 contact 4(11) 2 Unless otherwise indicated.
Unknown COVID-19 contact 10 (29) b Race/ethnicity was classified by parent or self-report as documented in the
A~ electronic medical record.
Mucosal findings
¢ Both patients who tested positive by PCR only did not undergo antibody
Conjunctivitis 21 (60) testin
g.
Any oral mucosal change 20 (57) d Other morphologic findings observed in individual patients were annular
Strawberry tongue 8(23) plaques, marked desquamation of the diaper area, helical erythema, and acute
. generalized exanthematous pustulosis. Acute generalized exanthematous
Lip pustulosis was identified in 1 patient who had received vancomycin 2 days
Hyperemia 17 (49) prior; as such, the cause of this eruption (multisystem inflammatory syndrome
TeddiE 13(37) in children vs drug-induced) remains unclear.
oo € Based on published criteria from the American Heart Association.
Cutaneous findings (rash) 28 (80) . .
- - f Some patients received more than 1of these treatments.
rP;\Strllents in whom fever developed before 19/28 (68) & Methylprednisolone or prednisolone.
Days of fever before rash onset, mean 2.7 (1.6)
(SD) .
== The most commonly involved organ system was gastro-
Patients in whom rash developed before 5/28 (18) . . . . . .
o intestinal (31 of 35). Five patients reported mild upper respi-
Days of rash before fever, mean (SD) 1.4 (0.6) ratory tract symptoms (cough and/or rhinorrhea). All but 1
T T e e g o 5(0-11) patient had an elevated D-dlI.Ilel‘ level, although no patients
(range), d developed thromboembolic phenomena. A total of 19
Palmoplantar patients had cardiac involvement as evidenced by elevated
Erythema 18 (51) troponin and/or brain natriuretic peptide levels, and 10
EilEE 14 (40) patients had abnormal echocardiogram findings. Five
R e wm 7Q0) patients with cardiac 1nvolvem.ent r.equlred inotropic sup-
Morbilliform eruption 309 port. Tre.atrnents arg summarized in the Tablle and fully
reported in eTable 2 in the Supplement. All patients recov-
Erythema .
ered and were discharged home.
Matar () Compared with those with confirmed MIS-C, patients
Lacy or reticular 39 with probable MIS-C were more likely to exhibit conjuncti-
Macular 4(11) val injection (9 of 10 [90%] vs 12 of 25 [48%]; P = .02) and
Eruption meet criteria for KD or incomplete KD (9 of 10 [90%] vs 12 of
Scarlatiniform 5(14) 25 [48%]; P = .02) (eTable 3 in the Supplement). No other
Ui el 3(9) statistically significant differences in age, demographic
Otherd 411 characteristics, clinical variables, or disease severity were
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(continued)

noted between the 2 groups. There were no statistically sig-
nificant associations between the presence of mucocutane-
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Figure 1. Notable Acrofacial Findings Observed in Hospitalized Children
With Multisystem Inflammatory Syndrome

E Conjunctival injection and malar erythema

E Palmar erythema

Lip hyperemia and cracking with "strawberry tongue"

A, Nonexudative, limbic-sparing
conjunctival injection and malar
erythema. B, Lip hyperemia and
cracking with prominent papillae
noted on the dorsal surface of the
tongue, consistent with a “strawberry
tongue.” C, Palmar erythema. D,
Periorbital edema and erythema.

ous changes and cardiac dysfunction, the need for inotropic
support, or intensive care unit admission (eTable 4 in the
Supplement).

|
Discussion

Although most children experience mild illness or noillness from
SARS-CoV-2, some develop MIS-C after symptomatic or asymp-
tomatic infection.?* Timely recognition of this syndrome s criti-
cal so that appropriate therapeutic options can be clarified. As
in patients with KD, mucocutaneous findings have been recog-
nized in up to 74% of hospitalized patients with MIS-C.>

Our cohort of patients with MIS-C included children of
many racial/ethnic backgrounds, with a high percentage of
Black and Hispanic patients.”® The median age of our cohort
(2 years [range, 0.2-17 years]) is younger than that of the larg-
est MIS-C case series published to date (median age, 8 years
[range, 2 weeks to 20 years]).°

JAMA Dermatology Published online December 9, 2020

Within our cohort, mucocutaneous findings were poly-
morphous. Exanthems exhibited a broad range of morpho-
logic characteristics, including morbilliform, scarlatiniform,
urticarial, and reticulated patterns. The site of involvement
varied as well, with some patients demonstrating localized,
acrofacial involvement, while others manifested more
widespread eruptions. Findings such as conjunctivitis, lip
hyperemia or cracking, and palmoplantar erythema were
evenly distributed across all ages, while other findings fea-
tured a more pronounced age predilection. Urticarial erup-
tions were seen in those younger than 2 years, and perior-
bital and palmoplantar edema were seen in those younger
than 6 years. Other age-related associations were not
observed when the cohort was evaluated by group (those <3
years vs those >3 years). Mucocutaneous involvement was
not associated with cardiac dysfunction, need for inotropic
support, or intensive care unit admission, suggesting that
mucocutaneous changes are not associated with disease
severity in MIS-C.
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Figure 2. Notable Cutaneous Findings Observed on the Trunk and Extremities of Hospitalized Children

With Multisystem Inflammatory Syndrome

E Scarlatiniform eruption on the trunk

E Urticarial eruption on trunk and extremities

Morbilliform eruption on the lower extremities

A, Scarlatiniform eruption on the
trunk. B, Morbilliform eruption on the
lower extremities. C, Urticarial
eruption on trunk and extremities. D,
Lacy "reticulated” erythema on the
bilateral inner thighs and lower
abdomen.

A total of 60% of our patient cohort met criteria for KD or
incomplete KD.* Although significant clinical overlap exists
between KD and MIS-C, MIS-C has been characterized by
more widespread systemic inflammation and higher rates of
acute complications, including cardiogenic shock.!®
Although mucocutaneous findings classically seen in
patients with KD were observed in various combinations in
our patients with MIS-C,"! we also noted unique findings not
typically seen in patients with KD. These findings included
marked periorbital edema and erythema reminiscent of a
heliotrope rash, as well as prominent malar erythema and
reticulated erythematous eruptions reminiscent of erythema
infectiosum (Figure 1 and Figure 2). Whether specific muco-
cutaneous findings are unique to one syndrome or the other
remains unclear.

Limitations
Our study has some limitations, including its retrospective
nature, which potentially limited our ability to capture all

jamadermatology.com

mucocutaneous changes. Because we relied on infectious
disease and rheumatology specialists to make the
diagnosis of MIS-C, it is possible that patients for whom these
services were not consulted were missed. However,
we believe this risk to be small because our institutional
protocol was for all children with fever of unknown origin to
be evaluated by these specialty teams during the study
period. Ten patients who met all diagnostic criteria except for
positive SARS-CoV-2 laboratory testing results or
known COVID-19 exposure were included in this cohort.
These patients were thought to have MIS-C clinically and
were managed as such. This proportion is not different from
previously published case series of MIS-C, in which 30% of
patients demonstrated negative polymerase chain reaction
SARS-CoV-2 and antibody test results.> These “false
negatives” have been ascribed to imperfect sensitivity of
polymerase chain reaction and antibody testing, particularly
in patients presenting at different times during their
disease course.'>13
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Conclusions

Multisystem inflammatory syndrome in children
should be considered in children with unexplained fevers
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during the ongoing COVID-19 pandemic. Identification

of the aforementioned mucocutaneous findings,
many of which have significant overlap with KD, may

diagnosis.
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