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1. Introduction

COVID-19, a severe viral respiratory infection caused by SARS-CoV-
2, affects all age groups, yet it is more severe in elderly and individuals
with co-morbidities. Recently, a severe multi-system inflammatory
syndrome has been reported in individuals < 21 years of age. This
document details our multidisciplinary approach to this syndrome, and
discusses current knowledge on the case definition and clinical mani-
festations, and proposes guidelines on diagnosis and treatment. As
many of these children may deteriorate quickly and initially present to
non-tertiary care facilities, a general guide for an approach to such
children is warranted.

Recent reports from Europe and the United States support the
emergence of a new phenomenon with significant hyperinflammatory
response in previously healthy asymptomatic children related to SARS-
CoV-2 infection. COVID-19 is the clinical presentation of acute disease
associated with infection by the betacoronavirus SARS-CoV-2. Severe
respiratory disease is the most concerning clinical presentation in adult
patients. Initial reports during the pandemic suggested children have
milder illness during acute infection [1]. Recent reports suggest a new
COVID-19 related clinical syndrome, with significant inflammation and
similarities to Kawasaki disease (KD), can present in children. Some
children have had features of toxic shock syndrome and myocarditis
with cardiogenic shock. Clinical reports have recently been published
from the United States [2], Italy [3], the United Kingdom [4], France
and Switzerland [5], and the Center for Disease Control (CDC) has is-
sued an emergency alert [6].

Clinical presentation is variable, with most centers reporting

significant gastrointestinal (GI) symptoms, cardiac disease, mild or
absent respiratory symptoms, and variable incidence of rash, red eyes,
and oral mucous membrane changes. As this is an emerging condition, a
number of names have been used: “Kawashocky”, “Coronasacki”, hy-
perinflammatory shock in children with COVID-19, Pediatric COVID-19
Associated Inflammatory Disorder (PCAID), Pediatric Multisystem
Inflammatory Syndrome (PMIS) and Multisystem Inflammatory
Syndrome in Children (MIS-C). It is still unclear if this is a post-in-
fectious complication or a primary complication of infection with SARS-
CoV-2, however, initial epidemiologic descriptions are highly sugges-
tive of a correlation. We will refer to this syndrome herein as MIS-C, the
moniker adopted by the CDC.

2. Case definition

This syndrome is not well defined and the recommendations put forth
will likely be amended as we learn more. MIS-C can present at any time,
although based on recent (primarily anecdotal) reports, often occurs
1–6 weeks following infection, and may overlap with an acute respiratory
COVID-19 presentation [2,3]. It can appear similar to KD with coronary
artery aneurysms and extracardiac manifestations. Many described cases
of KD-like MIS-C fall outside the typical age group (older) and ethnic
background (predominantly non-Asian) than classic KD. It remains un-
clear if this syndrome is unique to children or if it occurs in adults with
COVID-19. Besides potentially presenting with some or most of the
symptoms associated with KD (hand and foot inflammation/swelling,
mucous membrane changes/strawberry tongue, non-exudative con-
junctivitis, rash, and unilateral significant lymphadenopathy) [7], MIS-C
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can present with evidence of multiorgan failure including neurologic in-
volvement, hyperferritinemia, and cardiogenic or vasoplegic shock. Most
reports describe significant GI manifestations on presentation, such as
vomiting, diarrhea, and severe abdominal pain. The multi-faceted nature
of the disease course and various presentations underlines the need for

multispecialty input (emergency medicine, critical care, cardiology, in-
fectious diseases, hematology, nephrology, and rheumatology). Our
knowledge of this newly described entity is evolving by the day, as are the
proposed diagnostics, pharmacological and non-pharmacological man-
agement, and recommendations.

Fig. 1. Proposed guidelines for evaluation of a child with suspected MIS-C.
Guideline was created following the CDC case definition with input from emergency medicine physicians, hospitalists, intensivists, and specialists in the areas of
infectious diseases, cardiology, rheumatology, and hematology.
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3. Proposed guidelines for evaluation

The following proposed guidelines were created by a multi-
disciplinary team at our center consisting of pediatric emergency
medicine physicians, hospitalists, intensivists, and specialists in the
areas of infectious diseases, cardiology, rheumatology, and hematology
(see Fig. 1). The guidelines are based, in part, on reported cases (un-
published and published), recommendations from the CDC, New York
State Department of Health, and the Royal College of Pediatrics and
Child Health.

3.1. Initial consideration in the emergency department

Health care providers in the emergency department face a challenge
as fever in children is a common presentation and currently many
children have potentially been recently exposed to COVID-19. Patients
in whom there is a low index of suspicion presenting with some but not
all of the features of MIS-C should be considered for inflammation
screening, at minimum, a complete blood count (CBC) and C-reactive
protein (CRP) with strong consideration for SARS-CoV-2 PCR and an-
tibody testing. Patients with signs and symptoms fulfilling the case
definition of MIS-C (see Fig. 1) should undergo a more extensive
workup. Discussion with local pediatric emergency medicine physicians
that serve your area is encouraged for further guidance on the workup
of suspected cases.

It has been reported that patients can initially be well appearing
with reassuring laboratory workup, only to return to the hospital days
later with worsening symptoms and rapid clinical deterioration. We
propose that the patients evaluated for this condition who are dis-
charged from the emergency department are given MIS-C specific dis-
charge instructions and have a follow-up clinic or telehealth visit within
24–72 h. Discussion with local pediatric infectious disease physicians
that serve your area for questions that may arise during follow-up is
recommended.

3.2. Criteria for hospitalization

Proposing detailed criteria for hospital admission is challenging and
it will depend on multiple factors. Children initially being evaluated in
a rural area or a local emergency department/urgent care center/hos-
pital, should be stabilized and transferred as quickly and safely as
possible to a tertiary medical center. Taking into account the European
and New York City experiences where many children required intensive
care unit (ICU) care, we suggest a pediatric ICU consultation in children
meeting MIS-C criteria, and to have a low threshold to transfer to a
center with a pediatric ICU if pediatric ICU care is not available.

3.3. Treatments

There has been a broad range of pharmacologic therapy used and
proposed for patients with MIS-C. It must be taken into account that
every child will have a different presentation and clinical course, and
therapy must be tailored to each case individually with input from
consulting specialists. We propose some general guidelines for treat-
ment based on published data, anecdotal data, and personal experience
(see Fig. 1).

Antibiotic coverage should be empiric in patients diagnosed and
hospitalized with MIS-C, with initial broad-spectrum antibiotics re-
commended as symptoms overlap with severe bacterial infections. If
they have milder illness, we suggest ceftriaxone. If GI symptoms are
predominant add metronidazole, and in cases of severe illness or shock
we advise vancomycin, clindamycin, and cefepime or vancomycin,
meropenem, and gentamicin. We strongly encourage consultation with
local pediatric infectious disease experts prior to transfer of care or
quickly after initial evaluation (see Fig. 1). If there is access to re-
mdesivir (an antiviral agent with activity against SARS-CoV-2 that is

currently available for compassionate use in young children and limited
clinical trials), this should be considered, particularly for those known
to be PCR positive and/or with a presentation consistent with typical
COVID-19. The current proposed dose for children is 5 mg/kg load IV
once (max dose 200 mg) on day 1, then 2.5 mg/kg (100 mg max dose)
IV daily for nine days.

Children presenting predominantly with shock benefit from cardiac
and respiratory support (see Cardiology and Critical Care discussion
sections). A number of adjunct therapies have been used because of the
profound inflammatory response and KD-like features, with intravenous
immunoglobulin (IVIG), corticosteroids, anakinra (an interleukin-1 re-
ceptor antagonist), and tocilizumab (an anti-interleukin-6 receptor
monoclonal antibody) being most often reported. Many centers have
treated children that present most similar to KD with traditional
therapy used for KD. We recommend giving IVIG 2 g/kg and aspirin
20–25 mg/kg/dose every 6 h (80–100 mg/kg/day) for all patients with
KD-like illness, evidence of excessive inflammation (ferritin > 700 ng/
mL, CRP > 30 g/dL, or multisystem organ failure), or cardiac in-
volvement. Aspirin dosage may also vary at individual centers. Patients
with KD-like illness in high-risk categories (infants, KD shock syn-
drome, CRP > 130 g/dL, admission echo Z score > 2.5 or aneurysms,
Asian race) should receive IVIG 2 g/kg as single infusion with a three-
day pulse methylprednisolone. If the presentation is most consistent
with KD and there is failure of first line treatment a second dose of IVIG
or infliximab (a Tumor necrosis factor (TNF)-alpha inhibitor) could be
considered. For critically ill children, decisions regarding thrombosis
prophylaxis should be guided by hematology.

Some patients have presented with severe inflammation with or
without KD features consistent with cytokine storm syndrome (CSS)
(see Rheumatology section for a more detailed description). For these
patients we would consider use of anakinra and corticosteroids, in
particular if they are not responding to supportive care or first line
treatments [8]. Anakinra has a short half-life, and quick onset, therefore
if the patient does not respond quickly, other medications can be con-
sidered.

3.4. Hospital course

This will vary depending on initial presentation; we recommend
daily laboratory evaluation be done on all hospitalized children de-
pending on the disease classification (see Fig. 1). We advise stopping
antibiotics if cultures are negative after 48 h. Children presenting with
KD symptoms should be reassessed 24–36 h after the end of IVIG in-
fusion for evidence of fevers or ongoing inflammation. If clinical in-
flammation continues or worsens, retreatment or new therapy should
be considered (guided by infectious diseases and rheumatology con-
sultation). Typically, our center decreases aspirin dose to 3–5 mg/kg as
a single daily dose when afebrile for 24 h or more, which will continue
after discharge.

3.5. Discharge criteria and follow-up

We recommend the following guide for deciding on discharge: three
to four days of down trending inflammatory markers (ferritin, CRP, D-
Dimer), troponin consistently declining and < 1.0 ng/mL, 48 h without
supplemental oxygen, 48 h without fever, 48 h off vasopressors, normal
EKG, therapeutic antifactor-Xa level if going home on enoxaparin,
eating and drinking adequately, heart failure symptoms controlled with
oral medications (if applicable), and stable or improved findings on
repeat echocardiogram (particularly stable or improved: ventricular
function, coronary artery abnormalities; and valve function).

Follow-up visits should be planned with the primary care physician
within 24–72 h after discharge. Infectious disease follow-up should be
at one week with a repeat of the following lab values (CBC with dif-
ferential, CRP, brain-natriuretic peptide (BNP), D-dimer, ferritin and
follow-up of other specific abnormalities). Cardiology follow-up should
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be at minimum two weeks from initial echocardiogram. With KD, an-
other echocardiogram at six weeks is typical, but if the patient has
myocarditis or a large aneurysm, this may need more frequent mon-
itoring. If corticosteroids were used, a slow taper as an outpatient can
be guided by clinical and laboratory parameters. Other follow-up visits
will depend on the initial course.

4. Discussion

As initial reports of cases of MIS-C are all under 21 years of age, this
emerging condition presents a challenge for pediatricians. For children
that fall into the case definition, a multi-disciplinary team approach is
necessary to decide ongoing care as the disease manifestations can be
significantly different. Advancing the level of care (transferring to ter-
tiary care and intensive care) of children that fulfill the criteria for MIS-
C is also crucial.

4.1. Cardiology

Prior to the COVID-19 pandemic, it was very uncommon for chil-
dren presenting with KD to have shock or myocardial involvement [9].
Cardiac findings in KD typically manifest with coronary artery changes
and rarely with depression of ventricular function. Initial published and
non-published reports of COVID-19 associated MIS-C cases describe
ventricular dysfunction, coronary artery changes, atrioventricular valve
regurgitation and pericardial effusions [2–5]. Therefore, it is prudent
for cardiac screening to be completed early in hospital course; including
measures of cardiac injury and ventricular dysfunction. In children
presenting with shock (most have reported vasodilatory shock) fluid
resuscitation is imperative in the initial management. As there is a high
potential for underlying cardiac dysfunction, patients should be fre-
quently reassessed during fluid resuscitation for evidence of fluid
overload such as pulmonary edema or hepatomegaly. In centers with
bedside ultrasound available, evaluation of cardiac function may be
considered early in resuscitation to determine best management.
Complete transthoracic echocardiogram should be performed urgently
in all patients with clinical or laboratory evidence of cardiac injury
and/or shock (see Fig. 1). In children with reassuring initial cardiac
evaluation or mild to moderate disease, it is reasonable to consider
ongoing cardiac screening throughout hospitalization due to reports of
rapid decompensation. It is also reasonable to follow serum troponin
and/or BNP and consider repeating echocardiogram with any sig-
nificant laboratory or clinical changes.

4.2. Critical care

Critical care management of these patients is warranted in most
recent reports [4,5]. Early recognition of shock state (vasoplegic vs
cardiogenic), proper and judicious fluid resuscitation, early establish-
ment of invasive monitoring, intubation and mechanical ventilation,
optimization of oxygen delivery (DO2), minimization of oxygen con-
sumption (VO2), and appropriate initiation of inotropes and vaso-
pressors are key factors to successful and favorable outcome [5,10,11].
This initial approach combined with multidisciplinary management and
initiation of early but comprehensive diagnostics help to guide further
therapeutic choices (e.g. antithrombotics, antibiotics, and im-
munomodulators). Extracorporeal therapies like plasmapheresis (ther-
apeutic plasma exchange) [12] and extracorporeal membrane oxyge-
nation (ECMO) [5] may have a role in treating and supporting these
patients especially in cases of severe cytokine storm, refractory vaso-
plegia and cardiogenic or septic shock. The recent report from Swit-
zerland and France supports such an approach [5]. They described the
experience of thirty-five critically ill children with MIS-C presenting
with acute myocardial injury/myocarditis and cardiogenic shock. In-
itial symptoms on presentation were mainly fever, fatigue and GI
manifestations. Inotropic support was required in 80%, while veno-

arterial (VA) ECMO was initiated in 28% in this cohort. Despite the
rapid deterioration at presentation, a rapid resolution of the systolic
myocardial function was noted. All patients survived and none had
embolic or thrombotic events. All patients received IVIG and 65% re-
ceived heparin for anticoagulation.

4.3. Hematology

COVID-19 infection causes widespread endothelial injury and acti-
vation of coagulation resulting in high fibrinogen, D-dimer, and Factor
VIII, and low antithrombin III. It has been associated with high rates of
venous thromboembolic events (VTE) including deep vein thromboses,
pulmonary emboli, digital ischemia, arterial thrombosis, microvascular
thrombosis and strokes [13]. Prophylactic anticoagulation for adults
hospitalized with COVID has been widely accepted, with many centers
escalating to intermediate-dose or therapeutic anticoagulation for
adults with signs of coagulopathy and/or organ failure, given the high
rates of breakthrough VTE for adults on prophylactic anticoagulation
[14]. Strategies regarding prophylactic anticoagulation in COVID-19
pediatric patients vary institutionally, but many have elected for a
minimum prophylactic anticoagulation strategy in adolescents and the
critically ill. Whether or not MIS-C patients have the same risk of VTE as
during acute COVID-19 is unclear; however, these patients also have
evidence of activation of coagulation (high D-dimer, high fibrinogen),
inflammation, multi-organ dysfunction and require critical care inter-
vention including the placement of central lines. Prophylactic antic-
oagulation with enoxaparin is reasonable to consider in critically ill
patients, and hospitalized patients with significant derangements of
coagulation. Patients with expanding or large coronary artery aneur-
ysms will require therapeutic anticoagulation and antiplatelet therapy.
In low-risk patients with KD or KD-like disease, aspirin monotherapy in
accordance with established guidelines can be considered [7]. The ef-
fect of these interventions in ameliorating disease severity needs further
study.

4.4. Infectious diseases

Sepsis and/or toxic-shock should be considered and addressed in all
cases presenting with cardiovascular compromise. Other causes of
systemic inflammation (e.g. adenovirus, Epstein-Barr virus) should be
entertained as well, particularly as community social gathering lim-
itations are changing. A number of these children will fall into KD
classification. The children that fulfilled classic criteria of KD within
early reports of MIS-C generally had less myocardial involvement (near
normal ventricular function, lower troponins, lower BNPs) and seemed
to respond well to care directed at KD [3]. KD shock presentation has
been reported in up to 7% of cases of KD previously and is known to
have elevations in BNP and troponins [9] with a clinical picture con-
sistent with myocarditis. In the MIS-C cases reported, there have been a
number with both inflamed coronaries and shock that would fit into the
diagnosis of KD Shock Syndrome, however, not all of these reported
patients have been shown to have preceding SARS-CoV-2. It is unclear
at this time if these more typical KD cases occurring in this time period
are unrelated or a post-infectious complication of SARS-CoV-2.

4.5. Rheumatology

In some critically ill children, a cytokine storm syndrome (CSS)
appears to develop in response to the virus. This syndrome is char-
acterized by an overproduction of pro-inflammatory cytokines in-
cluding TNF, IL-6, and IL-1β resulting in clinical symptoms of high fe-
vers, rashes, coagulopathy, and neurologic changes, with some
progressing to multiple organ failure and death [15]. Lab abnormalities
frequently associated with CSS include thrombocytopenia, lympho-
penia, and elevations of the following: transaminase levels, D-dimers,
lactate dehydrogenase (LDH), coagulation times, CRP, and ferritin
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(ferritin is often profoundly elevated). This syndrome is very similar to
macrophage activation syndrome (MAS) or secondary hemophagocytic
lymphohistiocytosis (HLH) which is commonly encountered and treated
by rheumatologists. Treatments that have proven effective for treat-
ment of MAS include corticosteroids, anakinra and tocilizumab among
others [16]. Early reports, mainly from China, described adult patients
that fit the description of COVID-19 associated CSS, and had successful
outcomes after treatment with tocilizumab [17]. For this reason, many
across the US have proposed this medication be used if evidence of CSS
exists. Many rheumatologists, including our group, would propose
using anakinra (IV is suggested specifically as subcutaneous dosing was
not found to be as effective in one study) if children have evidence of
CSS or are severely ill with multiorgan failure [18]. Anakinra has a
quick onset, short half-life (4 h), large therapeutic window, and a good
safety profile. We find this a favorable treatment option; if there is not a
quick and adequate response an alternate medication can be con-
sidered.

5. Conclusion

The limited reports available indicate that children with COVID-19
associated MIS-C can deteriorate quickly, so increased index of suspi-
cion and discussion regarding higher level of care (transferring to pe-
diatric tertiary care centers or to intensive care) are warranted early. As
outlined herein, a broad initial approach with a multidisciplinary team
for those meeting the case definition is crucial for successful outcomes.
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