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ABSTRACT

Background. Although much is still unknown about the full effects of COVID-19, literature from
the early stages of the COVID-19 pandemic (spring and summer 2020) supports a postviral
immunologic reaction resulting in a multisystem inflammatory syndrome in children (MIS-C). The
purpose of this study was to report the rates of documented oral and oropharyngeal manifestations
among these patients and to determine the association of these findings with other MIS-C
symptoms.

Methods. The authors conducted a retrospective review of pediatric patients with COVID-19
who were admitted to the Morgan Stanley Children’s Hospital of NewYork-Presbyterian. Patients
fulfilling the Centers for Disease Control and Prevention criteria for MIS-C were included in this
study. The documented signs, symptoms, and laboratory values were collected and compared with
the presence of oral or oropharyngeal findings.

Results. The mean (standard deviation) age of MIS-C patients was 9.0 (5.0) years (range, 1.3-20.0
years), and there was no obvious sex difference (51.1% male, 48.9% female). With respect to oral
findings, 23 patients (48.9%) had red or swollen lips, whereas only 5 (10.6%) had a strawberry
tongue. Oral or oropharyngeal findings were associated significantly with the presence of systemic
rash (P ¼ .04) and conjunctivitis (P ¼ .02).

Conclusions. The presence of oral or oropharyngeal changes may be an early indicator of MIS-C
and should be considered suggestive of MIS-C in the setting of COVID-19 infection.

Practical Implications. Dental care providers may play an integral role both in the early detection
of oral manifestations of MIS-C and in the identification of oral lesions in hospitalized patients with
confirmed MIS-C.

Key Words. COVID-19; MIS-C; multisystem inflammatory syndrome in children; strawberry
tongue; Kawasaki disease; pandemic.
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oronaviruses are enveloped, nonsegmented, positive sense, RNA viruses belonging to the
Coronaviridae family.1-3 Although most coronaviruses cause mild cold or flulike symptoms, 2
Cbetacoronaviruses (severe acute respiratory syndrome coronavirus and Middle East respira-

tory syndrome coronavirus) have resulted in more serious illnesses in 2002 and 2012, respectively.4,5

Since December 2019, the novel strain severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus responsible for COVID-19, has caused a global pandemic.6-8 Whereas older adults
and immunocompromised patients have experienced substantial symptoms from this infection, chil-
dren and adolescents with COVID-19 generally are asymptomatic and experience only mild respiratory
symptoms.9-14 Despite this observation, an alarming new trend in pediatric COVID-19 infections has
been reported. A growing body of literature supports the association between COVID-19 and a
postviral immunologic reaction resulting in a multisystem inflammatory syndrome in children
(MIS-C).15-20

The case definition of MIS-C according to the Centers for Disease Control and Prevention
(CDC) is a patient younger than 21 years with fever, laboratory evidence of inflammation,
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ABBREVIATION KEY

CDC: Centers for
Disease Control
and Prevention.
and clinical evidence of severe illness necessitating hospitalization, including involvement of
2 or more organ systems.21 These patients also are required to be positive for SARS-CoV-2
infection, confirmed either via reverse transcription polymerase chain reaction (RT-PCR),
serology, or antigen testing, and to be without any other plausible cause for their symp-
toms.21 A fever is defined as a recorded temperature of 38.0�C or higher lasting for at least
24 hours. Laboratory evidence of inflammation includes measurements such as elevated levels
of C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and D dimers. Although
not all patients with MIS-C are expected to have the same signs and symptoms, clinical
features may include fatigue, rash, oropharyngeal erythema, cardiac abnormalities, and dila-
tion of conjunctival blood vessels.22 There have been noted similarities between the defining
clinical and laboratory features of MIS-C and Kawasaki disease (KD), although the 2 are
considered distinct entities.22,23

KD is the most common primary vasculitis in childhood.24-26 Although the exact etiology of KD
is unknown, studies from 2014, 2015, and 2020 suggest that it may be a virally induced illness.27-29

Diagnosis of KD requires the presence of fever lasting for more than 5 days with at least 4 of the
following 5 physical examination findings: conjunctival injection, oral mucous membrane changes
(including erythema of the lip vermilion and labial mucosa, erythema of the oral and oropharyngeal
mucosa, and strawberry tongue), peripheral extremity changes (erythema, edema), polymorphous
rash, or cervical lymphadenopathy.30 Although laboratory results are nonspecific, patients with KD
also usually will have elevated CRP, ESR, and D dimers levels.26 KD is considered a diagnosis of
exclusion.25,31,32

MIS-C appears to share many similarities with KD, but it is considered a distinct diagnosis.33 Oral
findings are a prominent feature of KD, and, from reports published in 2020, oral mucous membrane
changes also appear to be an important finding in MIS-C.16,34 One of the more frequently reported
oral manifestations of KD is the presence of strawberry tongue.28,35 Strawberry tongue describes a
hyperplastic appearance of the fungiform papilla set against either a white (white strawberry tongue)
or erythematous (red strawberry tongue) background. This manifestation alone is not diagnostic for
KD and may be seen in patients with food or medication allergies or in other infectious conditions
such as scarlet fever.36,37

Unlike KD, in MIS-C the precise incidence of oral findings and their clinical and prognostic
significance is unknown. Whereas dentists and other oral health care professionals are accus-
tomed to documenting oral mucosal pathologies, frontline providers may experience difficulty
detecting these subtle but potentially important changes. The purpose of our study was to re-
view the incidence and clinical significance of oral and oropharyngeal findings among pediatric
patients with MIS-C. Our aims were to report the rates of documented oral and oropharyngeal
findings in these patients and to determine the association of these findings with other MIS-C
symptoms.
CRP: C-reactive
protein.

ESR: Erythrocyte
sedimentation
rate.

KD: Kawasaki
disease.

MIS-C: Multisystem
inflammatory
syndrome in
children.

MSCHONY: Morgan Stanley
Children’s
Hospital of
NewYork-
Presbyterian.

RT-PCR: Reverse
transcription
polymerase
chain reaction.

SARS-CoV-
2:

Severe acute
respiratory
syndrome
coronavirus 2.
METHODS
We conducted a cross-sectional study of all patients with COVID-19 with MIS-C hospitalized at
the Morgan Stanley Children’s Hospital of NewYork-Presbyterian (MSCHONY) in New York,
New York, from March 15 through June 1, 2020. In this study, we defined MIS-C according to the
CDC criteria21; namely, all included patients were 21 years or younger, had a documented fever (�
38.0�C) of prolonged duration, had laboratory evidence of inflammation, required hospitalization,
had multiorgan involvement, and had a confirmed positive COVID RT-PCR or serology test re-
sults. The charts were reviewed for patient demographics such as age and sex, as well as pertinent
signs and symptoms, which were obtained from the review of systems and physical exami-
nation at the time of admission. We assumed the absence of chart documentation to be a
negative response. We conducted summary statistical analyses to determine the overall
prevalence of various subjective and objective findings within this patient sample. We con-
ducted comparisons between oral and oropharyngeal findings and all other study variables to
reveal any descriptive associations. We conducted univariate comparisons using c2 and in-
dependent sample t tests. We considered a P value below .05 as statistically significant. We
conducted this study with the approval of and in compliance with the Columbia University
Irving Medical Center’s Institutional Review Board (protocol AAAT0723).
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Table 1. Summary of clinical and laboratory findings in patients with multisystem inflammatory syndrome in children.*

FINDINGS CASES, NO. (%)

Age, y (Standard Deviation) 9.0 (5.0)

Male, No. (%) 24 (51.1)

Review of Systems

Diarrhea 18 (38.3)

Vomiting 24 (51.1)

Cough 7 (14.9)

Irritability 7 (14.9)

Rhinorrhea 3 (6.4)

Clinical Examination and Imaging

Fever > 5 days 47 (100.0)

Systemic rash 32 (68.1)

Conjunctivitis 27 (57.5)

Cranial nerve palsy 6 (12.8)

Red, cracked lips 23 (48.9)

Strawberry tongue 5 (10.6)

Other oral manifestations 7 (14.9)

Myocarditis 17 (36.2)

Pericardial effusion 6 (12.8)

Extremity edema 6 (12.8)

Arthritis 4 (8.5)

Cervical lymphadenopathy 9 (19.2)

Laboratory Tests

COVID reverse transcription polymerase chain reaction þ 22 (46.8%)

COVID serology 39 (83.0%)

Elevated C-reactive protein 44 (93.6%)

Elevated erythrocyte sedimentation rate 35 (87.5%)

Elevated D dimer 43 (93.5%)

* N ¼ 47.

204
RESULTS
As of June 1, 2020, 150 patients 21 years or younger tested positive for SARS-CoV-2 at
MSCHONY. Of these 150 patients, 47 received a diagnosis of MIS-C in the setting of COVID-19
from their infectious disease clinical care team. These 47 patients represented our study cohort. Of
the 47 patients who had MIS-C, 100.0% had more than 5 days of fever above 38.0�C. The mean
(standard deviation) age at diagnosis was 9.0 (5.0) years (range, 1.3-20.0 years), and both sexes were
affected equally (51.1% male, 48.9% female). Twenty-seven patients (57.5%) had documented
conjunctivitis, 32 (68.1%) had a systemic rash, 6 (12.8%) had extremity edema, and 9 (19.2%) had
cervical lymphadenopathy. Twenty-three patients (48.9%) had red or swollen lips, but only 5
(10.6%) had documented strawberry tongue. Six (12.8%) patients had cranial nerve palsy. Many
patients also experienced nonspecific constitutional symptoms such as diarrhea (18 patients,
38.3%), vomiting (24 patients, 51.1%), cough (7 patients, 14.9%), irritability (7 patients, 14.9%),
or rhinorrhea (3 patients, 6.4%). Most patients had elevated CRP (44 patients, 93.6%), ESR (35
patients, 87.5%), and D dimers (43 patients, 93.5%) levels as would be expected with a systemic
inflammatory condition (Table 1). Overall, oral or oropharyngeal findings were identified in more
than one-half (55.3%) of patients with MIS-C. These findings were associated significantly with the
presence of a systemic rash (P ¼ .04), conjunctivitis (P ¼ .02), and absence of a cough (P ¼ .02)
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Table 2. Review of oral and oropharyngeal manifestations in patients with multisystem inflammatory syndrome in
children.

FINDINGS
ORAL OR OROPHARYNGEAL
FINDINGS, NO. (%) (N [ 26)

NO ORAL OR OROPHARYNGEAL
FINDINGS, NO. (%) (N [ 21) P VALUE

Mean Age, y (95%
Confidence Interval)

7.8 (5.7 to 9.8) 10.5 (8.5 to 12.5) .06

Male, No. (%) 11 (42.3) 13 (61.9) .18

Review of Systems

Diarrhea 8 (30.8) 10 (47.6) .24

Vomiting 13 (50.0) 11 (52.4) .87

Cough 1 (3.9) 6 (28.6) .02*

Irritability 5 (19.2) 2 (9.5) .35

Rhinorrhea 2 (7.7) 1 (4.8) .68

Clinical Examination and
Imaging

Fever > 5 days 26 (100.0) 21 (100.0) Not
applicable

Systemic rash 21 (80.8) 11 (52.4) .04*

Conjunctivitis 19 (73.1) 8 (38.1) .02*

Cranial nerve palsy 4 (15.4) 2 (9.5) .55

Myocarditis 11 (42.3) 6 (28.6) .33

Pericardial effusion 4 (15.4) 2 (9.5) .55

Extremity edema 5 (19.2) 1 (4.8) .14

Arthritis 3 (11.5) 1 (4.8) .41

Cervical lymphadenopathy 7 (26.9) 2 (9.5) .13

Laboratory Tests

Elevated C-reactive protein 25 (96.2) 19 (90.5) .43

Elevated erythrocyte
sedimentation rate

19 (86.4) 16 (88.9) .81

Elevated D dimer 22 (88.0) 21 (100.0) .10

* P < .05
(Table 2). The presence of oral or oropharyngeal changes was not associated with coexisting cardiac
conditions such as myocarditis (P ¼ .33) or pericardial effusions (P ¼ .55).

DISCUSSION
The association between MIS-C and COVID-19 was first described anecdotally but has been re-
ported more extensively in the global literature.17-19,38 Toubiana and colleagues20 documented 21
children (median age, 7.9 years) in Paris, France, with MIS-C. These patients were treated with
immunoglobulin and corticosteroid therapy and had favorable outcomes.20 Verdoni and col-
leagues39 reported a 30-fold increase in the incidence of Kawasaki-like disease in the Bergamo
province of Italy in early May.39 Although that report did not refer specifically to MIS-C, the
patient population analyzed all had positive COVID RT-PCR or serology test results and, therefore,
would more appropriately be designated as MIS-C according to the CDC classification. In the
United States, 6 pediatric-aged patients with MIS-C were initially identified in Philadelphia,
Pennsylvania.19 On May 12, New York state health officials announced a report of approximately
100 cases of MIS-C.40 The high rate of MIS-C documented in our study cohort (47 patients) may
reflect the selection bias of our particular institution; the pediatric population being admitted to
MSCHONY during this time was composed of symptomatic patients with COVID-19 at the height
of the pandemic in New York City.

The purpose of our study was to report the incidence of oral and oropharyngeal findings in
MIS-C and to determine the clinical significance of these changes. In our cohort of 47
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Figure. Clinical photographs of red strawberry tongue appearing as hyperplastic papilla against an erythematous
dorsal tongue (A) and white strawberry tongue (B) manifesting as hyperplastic papilla against a white coating of the
dorsal tongue.
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patients, 23 had documented swelling, redness, or cracking of the labial mucosa on exam-
ination. Only 5 had strawberry tongue. Although it is unclear whether this represents a true
negative finding or an error of omission, the lack of documented strawberry tongue in our
patient cohort was noted substantially more frequently than other extraoral diagnostic
criteria for MIS-C, such as fever (47 patients), systemic rash (32 patients), and conjuncti-
vitis (27 patients). In 2 of the 5 cases of confirmed strawberry tongue, intraoral photographs
were obtained. The findings are more subtle when the hyperplastic papilla appear against an
erythematous background (red strawberry tongue) (Figure, A) as opposed to when they
manifest in a patient with white strawberry tongue (Figure, B). A cursory examination in a
small child could easily result in these changes going undetected. Furthermore, the discor-
dance between documented labial findings (48.9%) and strawberry tongue (10.6%) may
suggest that the health care providers who are performing these evaluations experience
difficulty detecting intraoral lesions. If this is the case, it reinforces the value of a dental
care provider in the workup and management of MIS-C. None of the patients in our sample
were assessed by a dentist or dental specialist during their inpatient course at MSCHONY
for evaluation of oral manifestations of MIS-C.

In addition to labial mucosal alterations and strawberry tongue, 7 patients in our cohort also had
other oral changes noted on clinical examination, which we categorized as “other oral manifesta-
tions.” Three patients had reported blisters or sores in their mouths; however, neither the site, size,
nor clinical appearance was recorded in any of the 3 cases. The lack of additional information makes
it difficult to assess whether these lesions were viral or traumatic in etiology. One patient had a
lesion on the inner lip, and 1 had reported symptoms of mouth pain. Specific mention of posterior
oropharyngeal erythema was made for 1 patient. There was 1 documented case of smile asymmetry
and tongue deviation. This was presumed to be caused by cranial nerve palsy, which is another
potential characteristic of MIS-C. Cranial nerve palsy was documented in 6 patients in our study,
and oral or oropharyngeal findings were reported in 4 of them.

The documented mean age at diagnosis of 9 years in our patient cohort is consistent with other
studies reporting a higher average age of diagnosis in patients with MIS-C than in those with KD,
which is traditionally diagnosed in children younger than 5 years with a peak incidence at
approximately 10 months.16,22 The relationship between MIS-C and KD is unclear, and there is
undoubtedly overlap between the 2 with regard to clinical and laboratory findings. To this end,
some have questioned whether MIS-C and KD may in fact be the same entity, with some cases of
MIS-C being categorized as either incomplete or complete manifestations of KD.41-44 Although it is
beyond the scope of our article to speculate on the uniqueness of these 2 entities, oral manifestations
more commonly were associated with the other diagnostic criteria for both MIS-C and KD,
including systemic rash (P ¼ .04) and conjunctivitis (P ¼ .02). Strawberry tongue, which is a
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characteristic albeit nonspecific oral manifestation of KD, was only reported in 5 of the 47 patients
with MIS-C. As previously stated, it is unclear whether this means that strawberry tongue is not
strongly associated with MIS-C or if the lack of documentation suggests challenges with the
diagnosis of this sometimes subtle oral mucosal manifestation. Also of statistical significance was the
lack of oral findings in patients with a documented cough (P ¼ .02). Only 7 patients (14.9%) in our
cohort reported cough in association with MIS-C, further suggesting that the documented oral
manifestations in our cohort may represent a reproducible feature of the clinical manifestation of
MIS-C.

Dental care providers potentially can play an important role in the initial diagnosis of MIS-C,
both in the inpatient and outpatient settings. As dental practices begin to reopen across the
country and elective treatments resumes, it is possible that dentists will encounter patients who are
or have received a diagnosis of COVID-19 with features of MIS-C.45 This is especially true for those
working in pediatric or family dental practices. Given that oral manifestations are believed to be
some of the first signs of MIS-C,45 dental care professionals may be consulted in the inpatient setting
to evaluate subtle changes of the oral mucosa. Equally important, dental care providers also can help
frontline workers rule out changes unrelated to MIS-C. Strawberry tongue is 1 such example of an
oral manifestation of MIS-C that may be difficult to detect and can be confused with other similar-
appearing lesions of the dorsal tongue, such as oral thrush or white-coated tongue. Early diagnosis
and close monitoring of MIS-C are important because, similar to KD, cardiac changes have been
noted.18,46 In the study by Toubiana and colleagues,20 moderate coronary artery dilation was
detected in 24% of patients with MIS-C.20 Evidence reported in 2020 by Belhadjer and colleagues18

suggests myocardial involvement with acute heart failure is likely due to myocardial stunning or
edema rather than inflammatory damage.18 Among our 47 patients, 17 (36.2%) had myocarditis
and 7 (12.8%) had pericardial effusion; however, neither of these cardiac changes were associated
significantly with oral or oropharyngeal changes (Table 2). Although the long-term sequelae of
MIS-C are still unclear, accurate and early detection of patients with MIS-C may help prevent
future complications.

CONCLUSIONS
The incidence of MIS-C is likely to increase as the COVID-19 pandemic continues to evolve. Oral
changes among patients with diagnosed MIS-C were seen with relative frequency (approximately
one-half of our patient cohort) and were positively associated with other extraoral diagnostic
criteria for MIS-C, including fever and conjunctivitis. Therefore, the accurate determination of oral
changes in patients with MIS-C may have important diagnostic implications. Given the prevalence
and apparent clinical significance of oral and oropharyngeal changes, dentistry can play an integral
role both in the early detection of oral manifestations of MIS-C and in the identification of oral
lesions in hospitalized patients with confirmed MIS-C. Dental care providers should be cognizant of
the potential oral manifestations of MIS-C and, in the appropriate clinical setting, be willing to
evaluate high-risk patients. n
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