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(SARS-CoV-2) infection has emerged with potentially severe outcomes. Multisystem inflammatory dis-
order in children (MIS-C) most commonly affects young, school-aged children and is characterized by

Keywords: ) ) persistent fever, systemic hyperinflammation, and multisystem organ dysfunction. While uncommon and
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children generally treatable, MIS-C presents potentially life-altering medical sequelae, complicated by a dearth
Pediatric inflammatory multisystem of information regarding its etiology, pathophysiology, and long-term outcomes. The severity of MIS-C
syndrome may warrant the need for increased awareness and continued COVID-19 mitigation efforts, particularly
Coronavirus until potential factors conferring a predisposition to MIS-C can be clarified through additional research.
MIS-C Well-informed guidelines will be critical as the school year progresses. In this article, current knowledge
PIMS on MIS-C is reviewed and the potential implications of this novel syndrome are discussed from a public
COVID-19 health perspective.
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Introduction significant inflammation, lack of an alternative diagnosis, and prior

The coronavirus disease 2019 (COVID-19) pandemic, caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has caused widespread morbidity and mortality, impacting nearly
every nation in the world. Though the majority of infected chil-
dren appear to be spared from severe illness, an unusual pediatric
syndrome called multisystem inflammatory syndrome in children
(MIS-C), is believed to be associated with prior SARS-CoV-2 infec-
tion and presents an additional challenge in this ongoing public
health crisis.

By the end of June 2020, approximately 1000 MIS-C cases had
been documented globally [1]. In the United States, where there
is a high burden of SARS-CoV-2 community spread, 570 MIS-C
cases were reported by the end of July 2020 and were predom-
inantly geographically concentrated in COVID-19 hotspots, such
as New York state [2]. Nonetheless, the incidence of MIS-C diag-
noses subsequent to SARS-CoV-2 infection appears to be relatively
low. In the U.S., rough estimates of incidence based on data from
the surge in New York found the incidence of SARS-CoV-2 infec-
tion among those under 21 years of age to be 322 per 100,000
and MIS-C to be 2 per 100,000 persons among the same age
group [3]. However, the total number of children who may be at
risk for MIS-C remains unknown because there is a potentially
high proportion of SARS-CoV-2 infections among children that
remains undetected, given that the likelihood of paucisymptomatic
or asymptomatic infection is higher among children than in adults
[4,5].

Information about this rare, though potentially fatal, syndrome
is rapidly evolving. In this review, we describe current information
on case definitions, patient demographics, clinical features, and key
laboratory findings, including articles published between May and
August 2020 that reported on a minimum of 15 patients. We also
briefly discuss public health implications related to MIS-C, which
are particularly relevant as schools continue to adjust their insti-
tutional COVID-19 mitigation plans in response to local incidence
rates and evolving knowledge.

Current knowledge about MIS-C
History of MIS-C

In April 2020, pediatricians in the United Kingdom first reported
a cluster of children presenting with fever, cardiovascular shock,
and hyperinflammation, exhibiting symptoms resembling those
of Kawasaki Disease (KD), cytokine storm, or toxic shock syn-
drome [6]. The disorder was later termed “pediatric inflammatory
multisystem syndrome temporarily associated with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)", or PIMS-TS, by
the Royal College of Paediatrics and Child Health (RCPCH) [7]. Soon
after the RCPCH released their case definition, the U.S. Centers for
Disease Control and Prevention (CDC) and the World Health Orga-
nization (WHO) published their own respective case definitions of
the syndrome and named it multisystem inflammatory syndrome
in children [8,9] (Table A1).

MIS-C case definitions generally include pediatric age, per-
sistent fever, multi-organ dysfunction, laboratory markers of

SARS-CoV-2 infection or exposure, though definitions vary. For
example, both the U.S. CDC and the WHO MIS-C case defini-
tions require evidence of prior SARS-CoV-2 infection or exposure,
whereas the RCPCH does not. In contrast to the WHO, the CDC case
definition permits a shorter duration of fever (> 24 h versus > 3
days) and severe illness requiring hospitalization. The rapid devel-
opment and variation among case definitions may explain some
of the variability in reported clinical features and severity of dis-
ease thus far, though the extent to which remains unclear, and it is
likely that case definitions will evolve as more information becomes
available.

While clinicians initially faced challenges differentiating
between MIS-C and KD, key differences in demographic, clinical,
and laboratory features have been delineated (further described
in Section 2.6) [6,10,11]. Similar to KD, MIS-C patients typically
present with persistent fever, mucocutaneous signs, and raised
inflammatory markers. However, MIS-C tends to affect older chil-
dren (> 5 years old) and is distinguishable by more remarkable
multi-organ involvement, particularly that of the gastrointestinal
(GI) and cardiovascular systems.

Demographic characteristics of patients

Based on currently available literature, children who develop
MIS-C are typically in their early to middle childhood years and
often previously healthy. The median age across the included stud-
ies varied from 7 to 10 years old, with an age range spanning from
7 months to 20 years (Table 1). While some have hypothesized that
being overweight may confer a greater risk of developing MIS-C,
the majority of studies identified few to no comorbidities. In a case
series of 186 patients, Feldstein et al. reported that 73% of MIS-C
patients were previously healthy [12]. Among those who did have
prior health conditions across studies, the most common comor-
bidities were being overweight (10-39%) and having a prior history
of asthma (5-18%) [3,11,13-18].

While early reports suggested males may be overrepresented,
similar to that in KD, a clear gender predilection has not yet been
established in MIS-C. Reported distributions of male and female
cases have been largely even thus far, with only a slight male pre-
ponderance in six studies [3,12,15,17,19,20].

With regard to race and ethnicity, many studies have indi-
cated that African American, African/Afro- Caribbean, and Hispanic
children may be disproportionately affected by MIS-C. Among
European studies with available race/ethnicity data, African/Afro
Caribbean children often accounted for the greatest proportion of
cases, ranging from 38% to 62% of MIS-C patients [11,18,20,21].
In one of the largest published case series to date (n = 58),
Whittaker et al. found that 38% of cases were of African/Afro
Caribbean descent [11]. Among U.S. studies, African American
and Hispanic children had a higher burden of MIS-C com-
pared to other races reported. Across U.S. studies with available
race/ethnicity data, the proportion of children who were African
American ranged from 18% to 40%, and Hispanic from 24% to 45%
[3,12,14,16,19].
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Table 1

Overview of studies included in the review.?

Study Geographical Timeline of Number of Age, Number of positive Most common clinical features Imaging findings Clinical course and
location patient patients (% median patients/total outcomes
enrollment Male) (IQR), years number tested (%)
Belhadjer et al. France and Mar 22-Apr 35(51%) 10 (NA) RT-PCR: 14/35 Fever (100%), Asthenia (100%), Depressed LVEF? ICU admission (100%),
(2020) [13] Switzerland 30 (40%) (100%),
Serology: 30/35 Shocke® (80%), Gastrointestinal Coronary artery Inotropic support (80%),
(86%) symptoms (83%), Respiratory distress dilation (17%),
(65%), Adenopathy (60%), Rash (57%),
Meningism (31%)
Overall®: 31/35 Pericardial effusion Respiratory support (94%),
(89%) (9%),
Arrhythmia (3%) Mortality (n = 0)
Belot et al. (2020) France Mar 1-May 108 (49%) 8 (NA) RT-PCR: 28/108 Kawasaki-like disease (61%), Not reported ICU admission (67%),
[23] 17 (26%) Macrophage activation syndrome
(23%), Seritis (22%)
Serology: 42/108 Myocarditis (70%),
(39%)
Mortality (n=1)
Cheung et al. New York, Apr 18-May 17 (47%) 8(1.8-16) RT-PCR: 8/17 (47%) Fever (100%), Gastrointestinal Abnormal chest ICU admission (88%),
(2020) [14] United States 5 symptoms (88%), Shock (76%), radiograph (82%),
Serology: 9/17 Rash (71%), Conjunctivitis (65%), Depressed LVEF (65%), Vasopressor support (66%),
(53%) Headache, stiff neck, or vision changes
(47%), Cough (31%),
Overall: 17/17 Pericardial effusion Hypoxia (53%),
(100%) (47%)
Coronary artery aneurysm
(6%)
Mortality (n = 0)
Dufort et al. New York, Mar 1-May 99 (54%) NA RT-PCR: 50/98 Fever (100%), Gastrointestinal Abdominal ICU admission (80%),
(2020) [3] United States 10 (51%) symptoms (80%), Rash (60%),

Serology: 76/77
(99%)

Conjunctivitis (56%), Lower respiratory
symptoms (40%), Kawasaki disease or
atypical Kawasaki disease (36%),
Hypotension (32%), Neurologic
symptoms (30%), Shock (10%)

abnormalities (77%),

Cardiac abnormalities
(60%),

Ventricular
dysfunction (52%),
Inflammation of
appendix or
gallbladder (39%),
Chest opacity (39%),
Ascites, pleural
effusions, or pelvic
fluid (36%),
Pericardial effusion
(32%),

Vasopressor support (62%),

Mechanical ventilation
(10%),
Myocarditis (53%),

Acute kidney injury (10%),
Coronary artery aneurysm
(9%),

Mortality (n=2)
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Feldstein et al.
(2020) [12]

Grimaud et al.
(2020) [22]

Kaushik et al.
(2020) [19]

Lee et al. (2020)
[15]

26 states,
United States

Paris, France

New York
City, New
York, United
States

Boston, Mas-
sachusetts,
United States

Mar 15-May 186 (62%) 8.3

20 (3.3-12.5)
Apr 15-Apr 20 (50%) 10 (NA)
27

Apr 23-May 33(61%) 10(6-13)
23

Mar-June 28 (57%) 9 (NA)

Overall: 131/186
(70%)

RT-PCR: 10/20
(50%)

Serology: 15/15
(100%)

Overall: 19/20
(95%)

RT-PCR: 11/33
(33%)

Serology: 27/33
(81%)

RT-PCR: 17/28
(61%)

Fever (100%), Gastrointestinal
involvement (92%), Cardiovascular
involvement (80%), Rash (59%),
Conjunctivitis (55%), Shock (50%),
Peripheral edema (37%)

Fever (100%), Tachycardia (100%),
Gastrointestinal symptoms (100%),
Shock (100%), Rash (50%),
Conjunctivitis (30%)

Fever (93%), Nausea/vomiting (69%),
Abdominal pain (63%), Hypotension
(63%), Diarrhea (48%), Rash (42%)

Fever (100%), Conjunctivitis (57%),
Gastrointestinal symptoms (54%),
Shock (54%), Rash (36%)

Mesenteric adenopathy
(18%)

Depressed LVEF (38%),

Pericarditis or
pericardial effusion
(26%),

Arrhythmia (12%)

Depressed LVEF (100%),

Pericardial effusion
(27%)

Pericardial effusion
(46%),

Cardiomegaly (30%),
Pulmonary opacities

(33%),
Depressed LVEF (63%)

Depressed LVEF (39%),

ICU admission (80%),

Vasoactive support (48%),

Mechanical ventilation
(20%),

Respiratory
insufficiency/failure (59%),
Coronary artery aneurysm
(8%),

Mortality (n = 4)

ICU admission (100%),

Inotropic support (95%),

Invasive mechanical
ventilation (40%),
Noninvasive mechanical
ventilation (55%),
Myocarditis (100%),
Acute renal failure (70%),
Mortality (n = 0)

Vasoactive support (51%),

Invasive mechanical
ventilation (15%),
Noninvasive mechanical

ventilation (36%),
Cardiac arrest (3%),
Morality (n=1)

ICU admission (61%),
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Table 1 (Continued)

Study Geographical Timeline of Number of Age, Number of positive Most common clinical features Imaging findings Clinical course and
location patient patients (% median patients/total outcomes
enrollment Male) (IQR), years number tested (%)
Serology: 18/19 Focal Inotropic support (25%),
(95%) consolidation/opacity
(38%),
Overall: 28/28 Pleural effusion (12%), Non-invasive ventilation
(100%) (25%),
Coronary dilation (7%) Acute kidney injury (21%),
Coronary artery aneurysm
(14%),
Mortality (n = 0)
Miller et al. New York, Apr 18-May 44 (45%) 7.3 (NA) RT-PCR: 15/44 Fever (100%), Gastrointestinal Cardiac abnormalities Vasopressor support (50%),
(2020) [16] United States 22 (34%) symptoms (84%), Poor appetite (75%), (50%),
Rash (71%), Conjunctivitis (52%),
Mucosal changes (52%) Shock (50%),
Neurologic symptoms (30%)
Serology: 31/32 Abnormal abdominal Acute kidney injury (16%),
(97%) imaging (27%)
Mortality (n = 0)
Moraleda et al. Spain Mar 1-June 1 31(58%) 7.6 RT-PCR: 17/31 Fever (97%), Gastrointestinal Myocardial ICU admission (65%),
(2020) [17] (4.5-11.5) (55%) symptoms (87%), Rash or conjunctivitis dysfunction (48%),
(74%), Malaise (51%), Hypotension or
shock (48%), Cough (36%), Shortness of
breath (27%)
Serology IgM: Valvular dysfunction Invasive mechanical
10/17 (59%) (29%), ventilation (19%),
Serology IgG: Arrhythmia (23%), Renal failure (13%),
19/21 (90%)
Overall: 30/31 Pericardial effusion Coronary artery aneurysm
(97%) (19%), (3%),
Coronary Mortality (n=1)
abnormalities (10%)
Pouletty et al. Paris, France Apr 7-Apr 30 16 (50%) 10 RT-PCR: 11/16 Fever (100%), Conjunctivitis (94%), Cardiac abnormalities ICU admission (44%),
(2020) [18] (4.7-12.5) (69%) Gastrointestinal symptoms (81%), Rash (68%),

(81%), Peripheral edema (69%),
Complete KD (62%), Neurological
symptoms (56%), Lymphadenopathy
(37%)
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Ramcharan et al.

(2020) [20]

Toubiana et al.
(2020) [21]

Whittaker et al.
(2020) [11]

Birmingham, Apr 10-May

England 9

Paris, France Apr 27-May
7

England and Mar 23-May

United States 16

15 (73%) 8.8
(64-112)

21(43%) 7.9
(3.7-16.6)

58 (43%) 9(5.7-14)

Serology: 7/8 (87%)
Overall: 14/16
(88%)

RT-PCR: 2/15 (13%)

Serology: 12/15
(80%)

RT-PCR: 8/21 (38%)

Serology: 19/21
(90%)

RT-PCR: 15/58
(26%)

Serology: 40/46
(87%)

Overall: 45/58
(78%)

Cardiovascular involvement (100%),
Gastrointestinal symptoms (87%),
Myalgia/lethargy (27%)

Fever (100%), Gastrointestinal
symptoms (95%), Conjunctivitis (81%),
Rash (76%), Mucosal changes (76%),
Neurological symptoms (29%)

Fever (100%), Abdominal pain/diarrhea
(53%), Rash (52%), Shock (50%),
Vomiting (45%), Conjunctivitis (45%),
Mucosal changes (29%), Headache
(26%)

Pericarditis (25%),
Coronary dilation (19%)

Coronary artery
abnormalities (93%),

Depressed LVEF (80%),
Pericardial effusion
(53%)

Coronary artery
abnormalities (38%),

Pericardial effusion
(48%),

Pleural effusion (14%),
Ascites (19%)

Depressed LVEF (31%),

Arrhythmia (7%)

Fluid resuscitation (44%),
Inotropic support (38%),

Myocarditis (44%),
Acute renal failure (56%),
Mortality (n = 0)

ICU admission (67%),

Respiratory support (53%),

Vasoactive support (67%),
Mortality (n = 0)

ICU admission (81%),

Myocarditis (76%),

Vasoactive support (71%),
Mechanical ventilation
(52%),

Kidney failure (52%),
Mortality (n = 0)

Inotropic support (50%),

Mechanical ventilation
(40%),
Intubation (43%),

Acute kidney injury (22%),
Coronary artery aneurysm
(14%),

Mortality (n=1)

ICU, intensive care unit; NA, not available; RT-PCR, reverse transcription polymerase chain reaction.
2 The denominator for percentages is the total number of MIS-C patients in the study, unless otherwise indicated.
b Positive for current or recent SARS-CoV-2 infection by RT-PCR or serology.
¢ Shock was defined by author.
d Depressed left ventricular ejection fraction of <50% or < 55%.
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Clinical features

Clinical presentation

MIS-C has a wide spectrum of clinical signs and symptoms,
though it most commonly presents with persistent fever, along
with dermatologic, mucocutaneous, and GI features (Table 1).
Fever was reported in 97-100% of patients at presentation
[3,11-19,21,22]. Dermatologic and mucocutaneous findings such
as rash, conjunctivitis, and lip redness and swelling were reported
in the majority of patients, though they were more commonly
found in children than in adolescents. Similar to KD and toxic shock
syndrome, rash and conjunctivitis were frequently observed, with
36-81% of patients presenting with rash and 30-94% with conjunc-
tivitis [3,11-19,21,22].

GI involvement was often the most prominent feature of MIS-
C, with all but two studies reporting GI involvement in more than
80% of patients. GI symptoms including abdominal pain, vomiting,
and diarrhea were described in 54-100% of patients at presentation
and may precede other common symptoms associated with MIS-
C, often mimicking common gastrointestinal infections or even
inflammatory bowel disease [3,13-22]. For example, Miller et al.
found that 29.5% of children hospitalized with a diagnosis of MIS-C
had presented within seven days prior to admission at either an emer-
gency room or urgent care center with GI symptoms similar to those
of viral gastroenteritis without additional systemic symptoms [16].

Demonstrating the considerable spectrum of gastrointesti-
nal pathology in MIS-C, abnormal abdominal features were also
reported in four studies that performed abdominal imaging
[3,15,16,21]. Of 44 patients who underwent abdominal ultrasound
or computed tomography, Dufort et al. found evidence of abdom-
inal abnormalities in 77% of patients, including ascites, pleural
effusions, or pelvic fluid (n = 35), mesenteric adenopathy (n=8),and
enteritis or enterocolitis (n = 3) [3]. Similar abnormalities, including
mesenteric adenitis, biliary sludge, and ascites, were reported by
Miller et al. in over 80% of patients [ 16]. Both studies found evidence
of bowel wall thickening.

Nervous and respiratory system involvement were also reported
at MIS-C presentation. Neurological symptoms including headache,
vision changes, confusion, and meningitis signs were reported in
12-56% of patients [3,14-19,21]. While COVID-19-like respiratory
symptoms are generally not a part of MIS-C presentation, short-
ness of breath, cough, hypoxia, and respiratory distress have been
documented [13,14,16,18,19].

Cardiac involvement

Studies to date have indicated that there can be potentially con-
siderable cardiac involvement in MIS-C. With the exception of one
study that did not perform imaging [23], all studies reported cardiac
abnormalities as evidenced by echocardiography or electrocardio-
graphy and highlighted the prominence of myocardial dysfunction
among patients.

Depressed left ventricular systolic function was commonly
reported and described in 31-100% of patients who underwent
imaging [3,11-15,19,20,22]. Belhadjer et al. described a cohort of
35 patients admitted to intensive care units (ICU) for severe heart
failure associated with MIS-C, wherein left ventricular dysfunction
was the main cardiac feature [13]. At admission, echocardiogra-
phy revealed that 72% of patients had a depressed left ventricular
ejection fraction (LVEF) between 30 and 50%, indicating mild to
moderate dysfunction, while the remaining 28% had a depressed
LVEF of <30%, indicating severe dysfunction. Seventy-one percent
of patients made a full recovery, defined as LVEF > 60%, by day 7,
with a median time to full recovery of two days (range 2-5 days).
Similarly, 95% of patients described by Kaushik et al. recovered left
ventricular function prior to discharge [19].

Journal of Infection and Public Health 14 (2021) 484-494

Myocarditis and pericarditis, or pericardial effusion, were
common diagnoses among MIS-C cases [3,12-14,17-19,21-23].
Pouletty et al. reported myocarditis in 44% of patients and peri-
carditis in 25% [18]. Similarly, Dufort et al. found that 53% and 32% of
MIS-C patients received a diagnosis of myocarditis and pericarditis,
respectively, noting noticeably higher rates of myocarditis among
adolescents [3]. Eighty-one percent of patients 13-20 years of age
received a diagnosis of myocarditis, compared to 39% among those
under six years of age.

Coronary artery abnormalities are among the more severe
reported features of MIS-C and were described in the majority of
studies reviewed. Ten studies reported evidence of coronary artery
abnormalities, six of which included coronary artery aneurysms
[3,11-15,17,18,20,21]. The extent of coronary involvement was
profound. Ramcharan et al. and Toubiana et al. found coronary
artery abnormalities in 93% and 47% of patients studied, respec-
tively [20,21]. A small number of giant coronary artery aneurysms
have also been observed in MIS-C. Out of 55 patients in a cohort of
58 who underwent echocardiography in the U.K., coronary artery
aneurysms were found in 14% of patients, with giant coronary
artery aneurysms in two [11]. Dufort et al. obtained echocardio-
grams for 93 hospitalized patients and found 9% had documented
coronary artery aneurysms [3].

Laboratory findings

Laboratory evidence of systemic inflammation, myocardial dys-
function, and coagulation activation among patients has been
consistently reported across the currently available literature.
Per the case definitions of MIS-C, inflammatory markers, includ-
ing C-reactive protein (CRP), ferritin, procalcitonin, and serum
interleukin-6, are expected to be significantly elevated. Feldstein
et al. found 171 out of 186 total subjects had elevations in at least
four inflammatory biomarkers [12]. Troponin and N-terminal-pro
B-type Natriuretic Peptide (NT-pro-BNP) were the most com-
monly reported cardiac markers and were highly elevated in the
majority of patients. High levels of D-dimer and fibrinogen char-
acterized coagulation dysfunction in most patients. In addition,
laboratory evidence of lymphocytopenia, neutrophilia, hypoalbu-
minemia, anemia, and thrombocytopenia was also common.

The American Academy of Pediatrics, the American College of
Rheumatology, and other professional societies have summarized
common laboratory features of MIS-C and have provided interim
clinical guidance on diagnostic evaluation and treatment [24,25].

Treatment and outcomes

While there are currently no standard clinical practice guide-
lines regarding treatment for MIS-C, current management and
treatment plans have generally yielded favorable outcomes. Simi-
lar to standard KD treatment, intravenous immunoglobulin (IVIG)
therapy was the most commonly reported treatment provided
to patients (55-100%), followed by corticosteroids (10-96%)
[3,11-20,22]. Often leading to rapid recovery within a few days,
several studies support IVIG and corticosteroids as viable options
for anti-inflammatory treatment.

A significant proportion of MIS-C patients are admitted
to the ICU, often requiring cardiac or respiratory support.
Across studies that reported ICU admission rates, the percent-
age of subjects admitted ranged from 44% to 100% (Table 1)
[3,12,13,14,15,17,18,20,21,23]. The largest French and U.S. stud-
ies found 67% and 80% of cases required ICU support, respectively
[12,23]. Dissimilar to COVID-19 cases, comorbidities do not seem
to be associated with ICU admissions based on the current litera-
ture [18,20]. Mechanical ventilation use was noted in substantial
proportion of patients, with 10%-62% of MIS-C patients requiring
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invasive support in the ICU [3,11-13,17,19,22]. Low to moderate
doses of vasoactive agents, including vasopressors and inotropes,
were frequently administered to MIS-C patients admitted to the
ICU due to shock resulting from myocardial involvement (e.g., acute
myocarditis) and/or severe vasoplegia [3,12,14,16,19-21,23].

Eight studies noted significant renal complications among their
patients. Among these, the proportion of patients with acute kidney
injury or renal failure ranged from 10 to 70% [3,11,15-18,21,22]. In
a case series of 20 patients, Grimaud et al. noted that out of 70%
of patients with transient acute renal failure, none required renal
replacement therapy [22].

Despite potentially severe clinical manifestations, outcomes of
MIS-C are generally favorable and most cases tend to improve
within a few days of treatment. Median reported lengths of ICU stay
ranged from 4 to 7 days [3,12-15,19-21]. Moreover, mortality rates
are relatively low, with the current estimates at approximately 2%
[3,12]. Whilereported outcomes are encouraging, abnormal cardiac
findings warrant further research, surveillance, and follow-up to
gain a better understanding of the scope of MIS-C and to determine
whether long-term complications may arise post convalescence.

MIS-C compared to KD

MIS-C shares multiple features with KD, such that a significant
proportion of MIS-C patients reportedly meet complete KD criteria,
prompting considerable discussion whether the two have differ-
ent or shared etiologic and pathophysiologic pathways [14,18,21].
However, although many initially postulated that MIS-C was SARS-
CoV-2-associated KD, it is now clear that the two syndromes
appear to have key differences, including patient age distributions,
racial/ethnic predilection, and clinical manifestations. (A detailed
comparison of MIS-C with KD, KD shock syndrome, and toxic shock
syndrome can be found elsewhere [11]). Briefly, comparing MIS-C
to KD, the median age for those diagnosed with KD is approxi-
mately 1.5 years, whichis substantially younger than what has been
observed in MIS-C thus far [26]. Furthermore, KD appears to pri-
marily affect those of East Asian ancestry, whereas MIS-C has been
found to disproportionately affect those of African American, His-
panic, and Afro Caribbean descent and is seemingly rare among East
Asian children [26]. When compared to children with KD, clinical
features of MIS-C include much more significant gastrointesti-
nal, myocardial, and multi-organ involvement [14,15]. Evidence
of cardiovascular involvement, including myocarditis, ventricular
dysfunction, and troponin elevations, is also much more promi-
nentin MIS-CthaninKD[11,14,15,21]. Cardiogenic shock requiring
vasoactive or vasopressor support has been reported in a consider-
able proportion of MIS-C patients, compared to approximately 5%
among KD patients [12]. Furthermore, laboratory features of MIS-C
are also distinct from those in KD, more closely resembling those
of macrophage activation syndrome and cytokine storm of toxic
shock syndrome. Noticeably higher procalcitonin and CRP levels
and lower platelet and lymphocyte counts are observed in MIS-C
patients compared to KD patients [11,12,18,21]. Interestingly, one
study noted that theirimmunologic findings in MIS-C patients seem
to mimic the immunologic profiles of severe COVID-19 cases in
adults [15].

Public health implications

The emergence of MIS-C serves as a reminder that children,
though largely spared from the most severe outcomes associated
with COVID-19, may still experience serious medical consequences
related to SARS-CoV-2 infection. Though current evidence sug-
gests MIS-Cis rare among children and adolescents, comprehensive
surveillance data are limited, and a few reports have suggested

Journal of Infection and Public Health 14 (2021) 484-494

the low incidence observed thus far may, in part, be influenced
by reduced exposure to SARS-CoV-2 due to schools not being in
session or fully open for in-person instruction [27]. Because recent
re-initiations of in-person education may increase extra-household
contact frequency and duration for many children, additional vigi-
lance is warranted to assess potential impact on pediatric incidence
rates of both COVID-19 and MIS-C.

While causality (and the complete causal mechanism) is far
from established, current findings support a temporal associ-
ation between SARS-CoV-2 infection and MIS-C, with MIS-C
typically occurring within two to four weeks after infection
[3,11,12,18,23,28]. Noting this lag in time, and that MIS-C patients
more often test positive for SARS-CoV-2 antibodies than the virus,
some have proposed that MIS-C may be a post-infectious phe-
nomenon related to antibody-mediated enhancement of disease
rather than the result of acute viral infection [29]. Though sev-
eral hypotheses are being explored [29,30], research studies are
urgently needed to understand the underlying mechanisms of MIS-
C. Furthermore, at the time of writing, some early literature on
multisystem inflammatory syndrome in adults (MIS-A) was emerg-
ing. Future studies should seek to compare the pathophysiology of
MIS-C to that of MIS-A as more information on both syndromes
becomes available.

Currently, there is little evidence on risk factors associated with
MIS-C development, though Afro-Caribbean, African American, and
Hispanic children appear to be disproportionately affected, which
may contribute to the persistent and pervasive racial/ethnic health
disparities underscored by the COVID-19 crisis [31]. Though some
have hypothesized that genetic predisposition may play a role in
susceptibility to MIS-C [32], the over-representation of black and
Hispanicracial/ethnic distribution among MIS-C patients could also
be partly attributable to the higher rates of infection among these
racial/ethnic minority groups [33,34]. Further compounding the
problem, racial/ethnic minority groups are also generally more
likely to be uninsured and to face other barriers to access to health-
care[31,35]. Provided the necessity of early detection, intervention,
and critical care support among a substantial proportion of MIS-C
cases, these barriers may hinder the receipt of proper treatment
and clinical care for this largely treatable condition.

While more research is needed to establish risk and prognostic
factors for MIS-C, some trends appear to be relatively consistent in
the published literature thus far. MIS-C can develop in previously
healthy children with no known comorbidities and usually presents
within four weeks following SARS-CoV-2 infection, though symp-
toms consistent with MIS-C may appear before the resolution of
COVID-19 symptoms in some cases [3,10]. Moreover, given that
a large subset of SARS-CoV-2-infected children display mild to no
symptoms, some children may develop MIS-C with little to no fore-
warning, and in some cases, caregivers may not even be aware that
the child was previously infected with SARS-CoV-2. Therefore, it is
important that caregivers are alerted to remain attentive to possi-
ble symptoms for several weeks following potential exposure to the
virus or a positive SARS-CoV-2 molecular or antigen test. Early visi-
ble symptoms include prolonged fever, abominable pain, rash, and
red eyes. As GI symptoms often precede other common symptoms
of MIS-C, itis important to inform caregivers to watch for symptoms
resembling those of common gastrointestinal infections.

Another cause for concern involves the prevalence of cardiac
involvement and the potential rapid progression into shock or
cardiorespiratory failure. A striking number of children exhib-
ited features of cardiac involvement across studies, including
cardiogenic shock, left ventricular dysfunction, coronary dilation,
and aneurysms [3,6,13,17-22,33]. Despite being largely treatable
and/or transient, the cardiac manifestations of MIS-C are vast and
potentially life-threatening. Future research studies that follow
patients over time are imperative to fill the gap in knowledge
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related to potential long-term cardiac and other sequelae among
MIS-C survivors.

Despite being a rare condition, the potential severity of MIS-C
provides yet another incentive to implement effective preventative
measures to mitigate the spread of SARS-CoV-2 infection and keep
children safe within potentially high-contact environments, such
as schools or childcare centers. Within the U.S. and across nations,
a wide spectrum of school mitigation plans has been enacted, with
some schools requiring face coverings and strictly enforcing social
distancing and others flouting public health recommendations or
simply lacking the resources needed to instate effective mitiga-
tion [36,37]. In the U.S., as schools return to in-person classes, the
onus has fallen largely on school district leaders and school admin-
istrators to develop and maintain re-opening plans informed by
public health best practices and to prioritize the safety of their stu-
dents and the greater communities in which the students reside.
MIS-C is a rare condition that simply adds to the gamut of other
considerations that need to be weighed when planning for social
reintegration and the ongoing safe operation of schools. Neverthe-
less, the associated critical outcomes merit heightened awareness,
and parents, teachers, and school administrators should first and
foremost be aware and conscientious of the signs and symptoms of
both COVID-19 and MIS-C.

Conclusions
While seemingly rare and generally treatable, MIS-C is yet

another challenge associated with the COVID-19 pandemic. Given
the existing knowledge gaps, it remains challenging to predict

Table A1
RCPCH, U.S. CDC, and WHO case definitions of PIMS-TS and MIS-C.

Journal of Infection and Public Health 14 (2021) 484-494
which children may be at higher risk for MIS-C and, moreover,
which will have poor outcomes. Because current studies support
the idea that SARS-CoV-2 may act as a trigger or immunomodula-
tory factor in MIS-C pathogenesis [10], mitigating the transmission
of SARS-CoV-2 not only serves to prevent COVID-19 but also
presents a likely effective strategy for MIS-C prevention until future
research can elucidate the etiology, pathophysiology, and potential
long-term consequences associated with this rare condition.
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Appendix A.

RCPCH case definition?

U.S. CDC case definition” WHO case definition®

1 A child presenting with persistent fever (>38.5 °C), inflammation (neutrophilia,

elevated CRP and lymphopenia) and evidence of single or multi-organ dysfunction

(shock, cardiac, respiratory, renal, gastrointestinal or neurological disorder) with
additional features (see below). This may include children fulfilling full or partial
criteria for Kawasaki disease.

2 Exclusion of any other microbial cause, including bacterial sepsis, staphylococcal or

streptococcal shock syndromes, infections associated with myocarditis such as
enterovirus (waiting for results of these investigations should not delay seeking
expert advice).

3 SARS-CoV-2 PCR testing may be positive or negative

Clinical

e All: persistent fever

e Most: oxygen requirement, hypotension

1 Age <21 years 1 Age 0-19 years

N

2 Clinical presentation including
the following:

Fever for >3 days

Fever >38.0 °C for >24 hours, or
report

.
1

At least 2 of the following clinical
features:

of subjective fever lasting >24

Rash or bilateral non-purulent
conjunctivitis or mucocutaneous
inflammation signs

Laboratory evidence of
inflammation including, but not
limited to, one or more of the
following:

Hypotension or shock

O Elevated CRP

.

Features of myocardial dysfunction,
pericarditis, valvulitis, or coronary
abnormalities
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Table A1 (Continued)

RCPCH case definition?® U.S. CDC case definition® WHO case definition®

e Some: Abdominal pain, confusion, conjunctivitis, cough, diarrhea, headache,
lymphadenopathy, mucus membrane changes, neck swelling, rash, respiratory
symptoms, sore throat, swollen hands and feet, syncope, vomiting O Elevated ESR

—_

Evidence of coagulopathy
Laboratory

O Elevated fibrinogen

—_

Acute gastrointestinal problems

o All: abnormal fibrinogen, absence of potential causative organisms (other than
SARS-CoV-2), high CRP, high D-dimers, high ferritin, hypoalbuminemia,
lymphopenia, neutrophilia in most O Elevated procalcitonin Elevated markers of inflammation

such as ESR, CRP, or procalcitonin

e Some: acute kidney injury, anemia, coagulopathy, high IL-10 if available, high IL-6 if
available, neutrophilia, proteinuria, raised CK, raised LDH, raised triglycerides,

raised troponin, thrombocytopenia, transaminitis O Elevated D-dimer i No other obvious microbial cause of
inflammation, including bacterial
sepsis, staphylococcal or
streptococcal shock syndromes
Imaging and ECG

O Elevated ferritin Evidence of COVID-19 (RT-PCR,

antigen test or serology positive), or
likely contact with patients with
COVID-19
e Echo and ECG: myocarditis, valvulitis, pericardial effusion, coronary artery dilation
O Elevated LDH
e CXR: patchy symmetrical infiltrates, pleural effusion;
O Elevated IL-6
e Abdominal ultrasound: colitis, ileitis, lymphadenopathy, ascites,
hepatosplenomegaly
O Neutrophilia

o Chest CT: may demonstrate coronary artery abnormalities

O Lymphocytopenia

O Hypoalbuminemia

Evidence of clinically severe
illness requiring hospitalization,
with multisystem (>2) organ
involvement (cardiac, renal
respiratory, hematologic,
gastrointestinal, dermatologic,
or neurological)

3 No alternative plausible
diagnoses

4 Positive for current or recent
SARS-CoV-2 infection by
RT-PCR, serology, or antigen
test; or COVID-19 exposure
within the 4 weeks prior to the
onset of symptoms

RCPCH, Royal College of Paediatrics and Child Health; CDC, Centers for Disease Control and Prevention; WHO, World Health Organization; CRP, C-reactive protein; CK,
creatinine kinase; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; IL, interleukin; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR,
reverse transcription polymerase chain reaction; COVID-19, Coronavirus disease 2019; ECG, electrocardiogram; CXR, chest x-ray; CT, computerized tomography.

2 https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance.

b https://www.cdc.gov/mis-c/hcp/.

¢ https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19.

493


https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.cdc.gov/mis-c/hcp/
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19

M.S. Rafferty etal.

References

[1] Levin M. Childhood multisystem inflammatory syndrome—a new chal-
lenge in the pandemic. N Engl ] Med 2020;383, http://dx.doi.org/10.1056/
NEJMe2023158. NEJMe2023158-NEJMe2023158.

[2] Godfred-Cato S, Bryant B, Leung J, Oster ME, Conklin L, Abrams J, et al. COVID-
19-associated multisystem inflammatory syndrome in children — United
States, March-July 2020. MMWR Morb Mortal Wkly Rep 2020;69:1074-80,
http://dx.doi.org/10.15585/mmwr.mm6932e2.

[3] Dufort EM, Koumans EH, Chow EJ, Rosenthal EM, Muse A, Rowlands ], et al.
Multisystem inflammatory syndrome in children in New York State. N Engl J
Med 2020;383:347-58, http://dx.doi.org/10.1056/NE]Moa2021756.

[4] BialekS, Gierke R, Hughes M, McNamara LA, Pilishvili T, Skoff T. Coronavirus dis-

ease 2019 in children — United States, February 12-April 2, 2020. Morb Mortal

WKkly Rep 2020;69:422-6, http://dx.doi.org/10.15585/MMWR.MMG6914E4.

Han MS, Choi EH, Chang SH, Lo Jin B, Lee EJ, Kim BN, et al. Clinical characteristics

and viral RNA detection in children with coronavirus disease 2019 in the Repub-

lic of Korea. JAMA Pediatr 2020, http://dx.doi.org/10.1001/jamapediatrics.

2020.3988.

Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, Theocharis P.

Hyperinflammatory shock in children during COVID-19 pandemic. Lancet

2020;395:1607-8, http://dx.doi.org/10.1016/S0140-6736(20)31094-1.

Royal College of Paediatrics and Child Health. Guidance paediatric multisystem

inflammatory syndrome temporallly associated with Cov-19; 2020 [Accessed

17 September 2020] https://www.rcpch.ac.uk/resources/guidance-paediatric-

multisystem-inflammatory-syndrome-temporally-associated-covid-19.

[8] Centers for Disease Control and Prevention. Multisystem inflammatory syn-
drome in children (MIS-C); 2020 https://www.cdc.gov/mis-c/.

[9] World Health Organization. Multisystem inflammatory syndrome in chil-
dren and adolescents with COVID-19; 2020 [Accessed 17 September
2020] https://www.who.int/publications/i/item/multisystem-inflammatory-
syndrome-in-children-and-adolescents-with-covid-19.

[10] McCrindle BW, Manlhiot C. SARS-CoV-2-related inflammatory multisystem
syndrome in children: different or shared etiology and pathophysiology
as Kawasaki disease? JAMA 2020;324:246-8, http://dx.doi.org/10.1001/jama.
2020.10370.

[11] Whittaker E, Bamford A, Kenny ], Kaforou M, Jones CE, Shah P, et al. Clini-
cal characteristics of 58 children with a pediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2. JAMA 2020;324:259-69,
http://dx.doi.org/10.1001/jama.2020.10369.

[12] Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son MBF, et al.
Multisystem inflammatory syndrome in U.S. children and adolescents. N Engl
J Med 2020;383:334-46, http://dx.doi.org/10.1056/NE]JM0a2021680.

[13] Belhadjer Z, Méot M, Bajolle F, Khraiche D, Legendre A, Abakka S, et al. Acute
heart failure in multisystem inflammatory syndrome in children (MIS-C) in the
context of global SARS-CoV-2 pandemic. Circulation 2020, http://dx.doi.org/
10.1161/circulationaha.120.048360.

[14] Cheung EW, Zachariah P, Gorelik M, Boneparth A, Kernie SG, Orange ]S,
et al. Multisystem inflammatory syndrome related to COVID-19 in previously
healthy children and adolescents in New York city. JAMA 2020;324:294-6,
http://dx.doi.org/10.1001/jama.2020.10374.

[15] Lee PY, Day-Lewis M, Henderson LA, Friedman K, Lo J, Roberts JE, et al. Dis-
tinct clinical and immunological features of SARS-COV-2-induced multisystem
inflammatory syndrome in children. J Clin Invest 2020, http://dx.doi.org/10.
1172/JC1141113.

[16] Miller ], Cantor A, Zachariah P, Ahn D, Martinez M, Margolis K. Gastrointesti-
nal symptoms as a major presentation component of a novel multisystem
inflammatory syndrome in children (MIS-C) that is related to COVID-19: a sin-
gle center experience of 44 cases. Gastroenterology 2020, http://dx.doi.org/10.
1053/j.gastro.2020.05.079.

[17] Moraleda C, Serna-Pascual M, Soriano-Arandes A, Simé S, Epalza C, Santos M,
et al. Multi-inflammatory syndrome in children related to severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) in Spain. Clin Infect Dis 2020,
http://dx.doi.org/10.1093/cid/ciaa1042.

[18] Pouletty M, Borocco C, Ouldali N, Caseris M, Basmaci R, Lachaume N, et al.
Paediatric multisystem inflammatory syndrome temporally associated with
SARS-CoV-2 mimicking Kawasaki disease (Kawa-COVID-19): a multicen-
tre cohort. Ann Rheum Dis 2020;79, http://dx.doi.org/10.1136/annrheumdis-
2020-217960, annrheumdis-2020-217960.

[19] Kaushik S, Aydin SI, Derespina KR, Bansal PB, Kowalsky S, Trachtman R,
et al. Multisystem inflammatory syndrome in children (MIS-C) associated with
SARS-CoV-2 infection: a multi-institutional study from New York City. ] Pediatr
2020, http://dx.doi.org/10.1016/j.jpeds.2020.06.045.

(5

(6

17

Journal of Infection and Public Health 14 (2021) 484-494

[20] Ramcharan T, Nolan O, Lai CY, Prabhu N, Krishnamurthy R, Richter AG, et al.
Paediatric inflammatory multisystem syndrome: temporally associated with
SARS-CoV-2 (PIMS-TS): cardiac features, management and short-term out-
comes at a UK Tertiary Paediatric Hospital. Pediatr Cardiol 2020;1:1, http://
dx.doi.org/10.1007/s00246-020-02391-2.

[21] Toubiana J, Poirault C, Corsia A, Bajolle F, Fourgeaud ], Angoulvant F, et al.
Kawasaki-like multisystem inflammatory syndrome in children during the
covid-19 pandemic in Paris, France: prospective observational study. BMJ
2020;369:m2094, http://dx.doi.org/10.1136/bmj.m2094.

[22] Grimaud M, Starck ], Levy M, Marais C, Chareyre ], Khraiche D, et al. Acute
myocarditis and multisystem inflammatory emerging disease following SARS-
CoV-2 infection in critically ill children. Ann Intensive Care 2020;10:69, http://
dx.doi.org/10.1186/s13613-020-00690-8.

[23] Belot A, Antona D, Renolleau S, Javouhey E, Hentgen V, Angoulvant F, et al.
SARS-CoV-2-related paediatric inflammatory multisystem syndrome, an epi-
demiological study, France, 1 March to 17 May 2020. Euro Surveill 2020;25,
http://dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010.

[24] Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, Bassiri H,
et al. American College of Rheumatology clinical guidance for multisystem
inflammatory syndrome in children associated with SARS-CoV-2 and hyperin-
flammation in pediatric COVID-19: version 1. Arthritis Rheumatol 2020, http://
dx.doi.org/10.1002/art.41454.

[25] American Academy of Pediatrics. Multisystem inflammatory syndrome in
children (MIS-C) interim guidance; 2020 https://services.aap.org/en/pages/
2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-
inflammatory-syndrome-in-children-mis-c-interim-guidance/.

[26] Uehara R, Belay ED. Epidemiology of Kawasaki disease in Asia, Europe, and
the United States. ] Epidemiol 2012;22:79-85, http://dx.doi.org/10.2188/jea.
je20110131.

[27] Auger KA, Shah SS, Richardson T, Hartley D, Hall M, Warniment A, et al.
Association between statewide school closure and COVID-19 incidence and
mortality in the US. JAMA 2020;324:859-70, http://dx.doi.org/10.1001/jama.
2020.14348.

[28] Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M, et al. An
outbreak of severe Kawasaki-like disease at the Italian epicentre of the SARS-
CoV-2 epidemic: an observational cohort study. Lancet 2020, http://dx.doi.org/
10.1016/S0140-6736(20)31103-X.

[29] Rowley AH. Understanding SARS-CoV-2-related multisystem inflammatory
syndrome in children. Nat Rev Immunol 2020, http://dx.doi.org/10.1038/
s41577-020-0367-5.

[30] Martinez OM, Bridges ND, Goldmuntz E, Pascual V. The immune roadmap for
understanding multi-system inflammatory syndrome in children: opportu-
nities and challenges. Nat Med 2020, http://dx.doi.org/10.1038/s41591-020-
1140-9.

[31] Yayas, Yeboah H, Charles CH, Otu A, Labonte R. Ethnic and racial disparities in
COVID-19-related deaths: counting the trees, hiding the forest. BMJ Glob Heal
2020;5, http://dx.doi.org/10.1136/bmjgh-2020-002913.

[32] Ebina-Shibuya R, Namkoong H, Shibuya Y, Horita N. Multisystem inflamma-
tory syndrome in children (MIS-C) with COVID-19: insights from simultaneous
familial Kawasaki disease cases. IntJ Infect Dis 2020, http://dx.doi.org/10.1016/
j.ijid.2020.06.014.

[33] Bixler D, Miller AD, Mattison CP, Taylor B, Komatsu K, Peterson Pompa X, et al.
SARS-CoV-2-associated deaths among persons aged <21 years — united States,
February 12-July 31, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1324-9,
http://dx.doi.org/10.15585/mmwr.mm6937e4.

[34] Adegunsoye A, Ventura IB, Liarski VM. Association of black race with outcomes
in COVID-19 disease: a retrospective cohort study. Ann Am Thorac Soc 2020,
http://dx.doi.org/10.1513/AnnalsATS.202006-583RL.

[35] Clark E, Fredricksid K, Woc-Colburn L, Bottazzi ME, Weatherheadid J. Dispro-
portionate impact of the COVID-19 pandemic on immigrant communities in
the United States. PLoS Negl Trop Dis 2020, http://dx.doi.org/10.1371/journal.
pntd.0008484.

[36] Das LT, Abramson EL, Kaushal R. Reopening US schools in the era of
COVID-19: practical guidance from other nations. JAMA Heal Forum 2020;1,
€200789-e200789. https://doi.org/10.1001/jamahealthforum.2020.0789 %]
JAMA Health Forum.

[37] New York Times. U.S. School District Cancels Classes After Teacher ‘Sick Out’
Over Virus Fears. https://www.nytimes.com/2020/08/15/world/coronavirus-
covid-19.html [Accessed 12 October 2020].

494


dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.1056/NEJMe2023158
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.15585/mmwr.mm6932e2
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.1056/NEJMoa2021756
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.15585/MMWR.MM6914E4
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1001/jamapediatrics.2020.3988
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
dx.doi.org/10.1016/S0140-6736(20)31094-1
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.rcpch.ac.uk/resources/guidance-paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19
https://www.cdc.gov/mis-c/
https://www.cdc.gov/mis-c/
https://www.cdc.gov/mis-c/
https://www.cdc.gov/mis-c/
https://www.cdc.gov/mis-c/
https://www.cdc.gov/mis-c/
https://www.cdc.gov/mis-c/
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10370
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1001/jama.2020.10369
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1056/NEJMoa2021680
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1161/circulationaha.120.048360
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1001/jama.2020.10374
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1172/JCI141113
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1053/j.gastro.2020.05.079
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1093/cid/ciaa1042
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1136/annrheumdis-2020-217960
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1016/j.jpeds.2020.06.045
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1007/s00246-020-02391-2
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1136/bmj.m2094
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.1186/s13613-020-00690-8
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.2807/1560-7917.Es.2020.25.22.2001010
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
dx.doi.org/10.1002/art.41454
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.2188/jea.je20110131
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1001/jama.2020.14348
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1016/S0140-6736(20)31103-X
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41577-020-0367-5
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1038/s41591-020-1140-9
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1136/bmjgh-2020-002913
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.1016/j.ijid.2020.06.014
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.15585/mmwr.mm6937e4
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1513/AnnalsATS.202006-583RL
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
dx.doi.org/10.1371/journal.pntd.0008484
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
http://refhub.elsevier.com/S1876-0341(21)00012-5/sbref0180
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html
https://www.nytimes.com/2020/08/15/world/coronavirus-covid-19.html

