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Purpose of review

The purpose of this review is to discuss the clinical management of children with pediatric rheumatic
disease (PRD) during the Coronavirus disease of 2019 (COVID-19) pandemic, as well as the unique role of
the pediatric rheumatologist during a time of emerging post-COVID inflammatory sequelae including,
multisystem inflammatory syndrome in children (MIS-C).

Recent findings

To date, there has been little evidence to suggest that children with PRD, including those on
immunomodulatory therapies, are at increased risk for severe COVID-19. Clinical guidance statements
have been created to support clinical providers in providing care to children with PRD during the COVID-
19 pandemic. Pediatric rheumatologists have also been called upon to assist in the identification and
management of post-COVID sequelae, including the rapidly emerging inflammatory illness, MIS-C.

Summary

The COVID-19 era has been defined by a rapid expansion in scientific knowledge and a time of
extraordinary local and worldwide collaboration, both within the pediatric rheumatology community, as
well as across multiple disciplines. Through collective efforts, we have learned that children with PRD,
including those on immunomodulatory therapies, are not at increased risk for severe COVID-19. Pediatric
rheumatologists have also worked alongside other disciplines to develop guidance for the management of
MIS-C, with the majority of patients experiencing excellent clinical outcomes.
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INTRODUCTION

The global spread of Coronavirus disease of 2019
(COVID-19) abruptly impacted the pediatric rheu-
matology community, prompting physicians to rap-
idly assess the impact of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection in
children with pediatric rheumatic disease (PRD) and
the implications of immunosuppressive treatment
on their risk for severe disease. Numerous questions
arose surrounding preventive measures, risk reduc-
tion, ongoing immunosuppressive management,
and methods to minimize disruption to clinical
care. Simultaneously, pediatric rheumatologists
quickly found themselves amidst the discovery of
an unanticipated inflammatory syndrome related to
COVID-19, now termed multisystem inflammatory
syndrome in children (MIS-C). In a multidisciplin-
ary collaborative effort with pediatric physicians
including infectious disease and cardiology, pediat-
ric rheumatologists have assisted in providing guid-
ance surrounding the diagnostic evaluation and
medical management of MIS-C. In this review, we
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will discuss the impact and clinical management of
children with PRD during the COVID-19 pandemic,
review the literature related to the clinical presenta-
tion and management of MIS-C, and briefly discuss
unique clinical sequelae of COVID-19 that may
prompt evaluation by a pediatric rheumatologist.
THE IMPACT OF COVID-19 IN CHILDREN
WITH PEDIATRIC RHEUMATIC DISEASE

Since the onset of the COVID-19 pandemic, there
have been concerns raised related to the potential
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KEY POINTS

� Children with PRD do not appear to be at significantly
increased risk of severe COVID-19; thus, treatment
goals should be targeted to assure optimal control of
underlying PRD during the COVID-19 pandemic.

� The clinical management of MIS-C requires
multidisciplinary collaboration with an appreciation of
distinct clinical phenotypes to assure accurate diagnosis
and immunomodulatory management.

� Post-COVID sequelae may manifest with inflammatory
manifestations, mimicking pediatric rheumatologic
disease, prompting assessment and recognition by
pediatric rheumatologists.
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impact of SARS-CoV-2 infection in patients with
rheumatic disease and patients on immunosuppres-
sive therapy. Reports in the literature of patients
with adult-onset rheumatic disease have demon-
strated that advancing age and underlying comor-
bidities remain a primary factor in the risk for severe
complications from COVID-19, similar to the gen-
eral population [1

&&

,2
&&

]. Few studies have also
described disease-specific factors including underly-
ing rheumatic disease, disease activity, the presence
of lung involvement and certain immunomodula-
tory medications (including corticosteroids, rituxi-
mab and conventional disease modifying
antirheumatic drugs (DMARDs)) that may addition-
ally predict worse outcomes [2

&&

,3,4
&

]. However, to
date, there is little evidence to suggest a higher risk
for severe COVID-19 in children with PRD [5–9] or
children receiving immunomodulatory therapies
commonly used for PRD [10–15].

In May 2020, the American College of Rheuma-
tology (ACR) developed the ACR COVID-19 Clinical
Guidance for Pediatric Rheumatology Task Force,
charged to provide clinical guidance to rheumatol-
ogy providers who treat children with PRD in the
context of the COVID-19 pandemic [16

&

]. Recogniz-
ing that children with PRD do not appear to be at
significantly increased risk of severe COVID-19 and
acknowledging the need to take into account indi-
vidual patient characteristics and prevalence of
SARS-CoV-2 transmission in the community, these
general recommendations were aimed at assuring
optimal control of underlying PRD during the era of
the COVID-19 pandemic. Guidance was provided to
discourage physicians from modifying or delaying
immunomodulatory therapy in the absence of
SARS-CoV-2 exposure or infection. Similarly, in
the presence of close/household exposure or asymp-
tomatic COVID-19, recommendations were to con-
tinue medical therapy needed to control underlying
 Copyright © 2021 Wolters Kluwe
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PRD, with special consideration to reduce corticoster-
oid burden to the lowest effective dose possible to
control underlying disease. Concerns related to the
use of rituximab and cyclophosphamide raised by the
Global Rheumatology Alliance in adults with rheu-
matic disease [1

&&

] were acknowledged; however,
given the overall reduced risk of severe COVID-19
in the pediatric population and the fact that these
medications are typically reserved for severe life and/
or organ threatening disease in children, the task
force agreed that the benefits of continuing therapy
likely outweigh the risk in most cases [16

&

]. In con-
trast, in the presence of symptomatic COVID-19, the
task force agreed to conform to conventional practi-
ces related to concurrent infections and recom-
mended holding all DMARDs for the duration of
symptoms and up to 7–14 days after resolution of
fever and respiratory symptoms. Special consider-
ations were made for patients with PRD on interleu-
kin (IL)-1 inhibitors, as these patients may be
particularly sensitive to medication disruptions and
with the knowledge that selective IL-1 inhibitors
have been safely used in other infections [17].

Another consideration that the pediatric rheu-
matologist faced in the era of the COVID-19 pan-
demic is the responsibility to assure adequate and
timely access to clinical care, particularly during
times of increased community transmission of
SARS-CoV-2. In evaluating clinical practice and
patient perspectives during the COVID-19 pandemic,
both patients and families acknowledged that appre-
hension about in-person clinical assessments and
safe access to the hospital system [18

&

] may have
resulted in delays to care and exacerbation of under-
lying illness [19]. As a result, the rapid expansion of
telemedicine during this time has been instrumental
in improving access to care for children with PRD
[19–22], with the development of comprehensive
telemedicine assessments, including standardizing
the musculoskeletal physical exam using the video
version of paediatric Gait Arms Legs and Spine
(pGALS), V-pGALS [23

&

]. Despite the numerous ben-
efits of telemedicine, several limitations should also
be acknowledged, specifically related to the quality
and comprehensiveness of care, psychosocial evalu-
ation, and the availability of access to technology to
maintain health equity [21,24].

In addition to concerns related to medical manage-
ment of children with PRD, the COVID-19 pandemic
has also raised awareness of the impact emotional
distress, school closures, and limited socialization on
the overall well being of children with chronic illness.
Children and adolescents with PRD have a relatively
high prevalence of anxiety and depression at baseline
compared to the general pediatric population [25,26].
Furthermore, there is evidence that patients within the
r Health, Inc. All rights reserved.
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Rheumatological aspects and treatments of COVID-19
Black and Latinx populations may be disproportion-
ately impacted by the pandemic from both a medical
and psychosocial standpoint [18

&

,27–30]. Pediatric
rheumatologyprovidersmustbemindfulof theburden
of the COVID-19 pandemic on both children with PRD
and their caregivers, recognizing the impact of psycho-
social distress on physical disease, and assist with refer-
rals to mental health services. Similarly, with regards to
in-person schooling, the ACR COVID-19 ClinicalGuid-
ance for Pediatric Rheumatology Task Force recognized
the generally low rates of transmission in primary and
secondary schools [31] and emphasized the benefits of
attending in-person school, once taking into account
individual patient characteristics and comorbidities.
Finally, to date, there has been no evidence to suggest
children withPRD areathigher risk ofadverse reactions
from the COVID-19 vaccine and thus the task force
recommended that children, adolescents, and young
adults with PRD should receive the vaccine in accor-
dance with Centers for Disease Control and local rec-
ommendations.
MULTI-INFLAMMATORY SYNDROME IN
CHILDREN: THE ROLE OF THE PEDIATRIC
RHEUMATOLOGIST

Since first described in Europe in April 2020, MIS-C
(also known as pediatric multisystem inflammatory
syndrome (PMIS)), has been increasingly recognized
throughout the world. The presentation of MIS-C is
temporally linked to COVID-19 exposure, with
peaks of disease typically following surges of
COVID-19 cases by approximately 3–6 weeks, and
patients demonstrating evidence of prior SARS-CoV-
2 infection with positive IgG serologies. Although
MIS-C remains an overall rare condition, clinical
presentations with cardiogenic shock and multior-
gan dysfunction have created an impetus for rapid
multidisciplinary collaboration and strategies to
guide clinical management. Given the presentation
of MIS-C as a systemic inflammatory condition with
clinical symptomatology that often overlaps with
Kawasaki disease, pediatric rheumatologists have
been involved from the onset in attempts to under-
stand the underlying pathophysiology, and have
assisted in developing guidance for diagnostic eval-
uation, clinical monitoring and management with
immunomodulatory therapy [32

&&

,33].
In the year since the initial description of MIS-C,

knowledge regarding the presentation, manage-
ment, and pathophysiology has rapidly expanded;
however, numerous uncertainties remain. The
majority of children presenting with MIS-C are pre-
viously healthy, with reports of prior asymptomatic
or minimally symptomatic COVID-19; thus, under-
lying predisposing factors for MIS-C remain
 Copyright © 2021 Wolters Kluwer H
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unknown. There is a range of clinical severity, yet
a majority of patients require care in pediatric inten-
sive care units (ICUs) during their hospitalization.
Furthermore, while MIS-C was initially described as
‘Kawasaki-like’, numerous reports have studied
these overlapping phenotypes and have since
described differences in both clinical and immuno-
chemical presentations between MIS-C and Kawa-
saki disease [34

&&

,35
&

,36
&

].
Current literature on MIS-C is represented by

case reports, case series, and systematic reviews. In
one of the largest systematic review to date, Hoste
et al. summarized articles published on MIS-C/PMIS
cases from December 2019 through August 2020
[34

&&

]. Median age at presentation was 8.4 years,
with a large proportion of patients of Black (37%)
and Latino/Hispanic (29%) descent. With the excep-
tion of obesity (25%), other comorbidities were rare.
Nearly, all patients presented with fever (99%) and
most commonly involved organ systems included
gastrointestinal (86%), cardiovascular (79%), and
respiratory (50%) (Fig. 1). In this systematic review,
23% of patients fulfilled criteria for complete Kawa-
saki disease, whereas 24.1% resembled incomplete
Kawasaki disease. Laboratory evidence of systemic
inflammation was evident in the majority of MIS-C
cases, with elevated acute phase reactants including
C-reactive protein, IL-6, and ferritin. Patients also
had significantly elevated markers of coagulation
(D-dimer, fibrinogen) and myocardial injury (tropo-
nin, brain natriuretic peptide).

Many investigators have compared children
with MIS-C to historical Kawasaki disease patients.
MIS-C patients tend to have a broader age range,
with a median age range higher than that of classic
Kawasaki disease (median age: 2–2.7 years)
[34

&&

,35
&

]. MIS-C patients are less likely to have
coronary artery abnormalities and more likely to
have ventricular dysfunction [35

&

]. Evidence of sys-
temic inflammation also appears to be substantially
higher in MIS-C compared to historical Kawasaki
disease cohorts. Studies have additionally compared
clinical presentation, laboratory markers and out-
comes in children and adolescents with MIS-C and
acute COVID-19 [37,38]. Feldstein et al. compared
cases of MIS-C in a USA cohort with severe acute
COVID-19 and found that patients with MIS-C were
more likely to be 6–12 years old, non-Hispanic/
Black and more likely to be previously healthy
[38]. Clinical symptoms that distinguished MIS-C
patients from acute COVID-19 included mucocuta-
neous symptoms and severe cardiovascular involve-
ment without respiratory involvement. Patients
with MIS-C were more likely to have higher neutro-
phil-to-lymphocyte ratios, higher CRP levels, and
lower platelet counts [38]. A summary of clinical and
ealth, Inc. All rights reserved.
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FIGURE 1. Summary figure of main clinical and laboratory findings in pediatric acute severe COVID-19 disease, MIS-C and
Kawasaki disease. CRP, C reactive protein; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; LVEF, left ventricular
ejection fraction.
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laboratory features of MIS-C, Kawasaki disease, and
acute COVID-19 is presented in Fig. 1.

To date, immunomodulatory management of
MIS-C has focused on its resemblance with Kawasaki
disease and theoretical concerns about cardiac
sequelae and potential coronary artery aneurysms,
similar to those described with untreated KD. While
data are limited to retrospective reports, case series,
and anecdotal evidence, most reports describe wide-
spread use of intravenous immunoglobulin (IVIG)
and corticosteroids in 50–90% of patients for the
treatment of MIS-C, with variability noted in treat-
ment strategies and dosing among different centers
and studies [33,34

&&

,35
&

] One retrospective cohort
study from France [39] compared use of IVIG alone
versus IVIG plus methylprednisolone as initial ther-
apy for MIS-C in propensity score-matched cohorts
and found that combined therapy was associated
with improved outcomes, including lower rate of
treatment failure, lower use of second-line treat-
ment, less need for hemodynamic support, less evi-
dence of acute left ventricular dysfunction, and
shorter ICU stay. IL-1 inhibition with anakinra
has also been described in refractory disease in up
to 8–26% of patients [34

&&

,35
&

]. It is worth noting
that a minority of patients in several case series have
self-resolving inflammation and did not require
 Copyright © 2021 Wolters Kluwe
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immunomodulatory therapy. Other agents used less
frequently include IL-6 inhibitors and tumor necro-
sis factor inhibitors [34

&&

]. Hoste et al. report the
use of additional supportive care including inotro-
pic agents (55%), mechanical ventilation (24%),
noninvasive ventilation (26%), and extracorporeal
membrane oxygenation support (4%) [34

&&

].
Although a majority of patients require ICU support
(73%), almost all patients have excellent outcomes,
with very few deaths reported and minimal long-
term sequelae [40].

The ACR published clinical guidance for treat-
ment of MIS-C and hyperinflammation in COVID-
19 in June 2020 with revisions published in Novem-
ber 2020 [32

&&

]. This document includes a diagnostic
pathway for MIS-C and a discussion of features
distinguishing MIS-C from KD. Clinical guidance
is provided for laboratory evaluation and cardiac
monitoring, stratified by clinical presentation.
Guidance for immunomodulatory therapy recom-
mends stepwise approach with initiation of IVIG for
all children hospitalized with MIS-C and/or fulfil
Kawasaki disease criteria with careful consideration
of cardiac function and fluid status to prevent fluid
overload. Corticosteroids are recommended as first-
line therapy for shock or organ threatening disease,
or as a second line therapy for refractory disease
r Health, Inc. All rights reserved.
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FIGURE 2. American College of Rheumatology (ACR) algorithm initial immunomodulatory treatment in MIS-C (original legend
included in image). Algorithm for initial immunomodulatory treatment of multisystem inflammatory syndrome in children (MIS-C).
Moderate-to-high consensus was reached by the Task Force in the development of this treatment algorithm for MIS-C associated with
severe acute respiratory syndrome coronavirus 2. 1Intravenous immunoglobuin (MG) dosing is 2 gm/kg based on ideal body weight.
Cardiac function and fluid status should be assessed before MG is given. In some patients with cardiac dysfunction, MG may be given
in divided doses (1 gm/kg da1y over 2 days). 2Methylpremisolone or another steroid at equivalent dosing may be used. 3Refractorry
disease is defined as persistent fevers and/or ongoing and significant end-organ involvement. 4Low-to-moderate-dose glucocorticoids
(methylprednisolone 1-2mg/kg/day) may be considered for first-line therapy in some MIS-C patients with concerning features (ill
appearance, highly elevated B-type natriuretic peptide levels, unexplained tachycardia) who have not yet developed shock or organ-
threatening disease. 5If the patient was given Iow-to-moderate-dose glucocorticoids as first-line therapy, methylprednisolone IV dosing
should be 10–30mg/kg/day for intensification treatment. Reproduced with permission from Henderson et al. [32&&].

Rheumatological aspects and treatments of COVID-19
(Fig. 2). Other treatment options for refractory dis-
ease include high dose intravenous corticosteroids
and IL-1 inhibition [32

&&

].
POST-COVID SEQUELAE

In addition to acute COVID-19 infection and post-
infectious inflammatory conditions, post-COVID
sequelae have also been described and are also being
addressed by pediatric rheumatologists worldwide.
Regardless of symptoms at diagnosis or severity of
acute infection, several patients suffer from long-
term effects of COVID-19. Rheumatologists are
 Copyright © 2021 Wolters Kluwer H
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being called upon to assess a wide array of symp-
toms commonly seen as presentations of systemic
autoimmune disease and to distinguish them from
lingering effects of COVID-19. Symptoms vary
among studies with fatigue, muscle weakness, sleep
difficulties, and anxiety or depression commonly
reported as long-term effects [41]. In a meta-analysis
of studies world-wide, fatigue, headache, attention
disorder, hair-loss, and dyspnea were the most com-
mon symptoms [42]. Although myalgia was the
most common musculoskeletal symptom reported
during acute COVID infection, many musculoskel-
etal findings have been reported as post-COVID
ealth, Inc. All rights reserved.

Volume 33 � Number 5 � September 2021



FIGURE 3. Clinical presentations of chilblains in an
otherwise healthy young boy, presenting with pain and
swelling in affected toes.
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complications including myositis, neuropathy,
arthropathy, and soft tissue abnormalities [43]. In
children, data are scarce regarding long-term con-
sequences of COVID-19 with few reports of fatigue,
dyspnea, and heart palpitations or chest pain. Other
symptoms reported include decreased concentra-
tion, prolonged fevers, and headaches [44].

Additional clinical features seen in both acute
infection with COVID-19 and post-COVID sequelae
are dermatologic manifestations that may mimic
common rheumatologic conditions. The most com-
mon dermatologic findings in acute COVID-19
infection are maculopapular rash, urticaria, chil-
blains vesicular lesions, livedo reticularis, and pete-
chiae. Interestingly, an increased incidence of
chilblains has been reported during the pandemic
and found to be more common in younger age
patients [45]. Chilblains seem to appear after the
active phase of disease, most commonly described in
patients who were asymptomatic carriers of COVID -
19 and found to have antibodies only after chil-
blains was reported. This entity has been termed
‘COVID toes’ and has been described in both adults
and children (Fig. 3). Most pediatric cases present
with no evidence of acute COVID-19 infection, and
often with negative SARS-CoV-2 PCR testing and
negative antibodies [46]. Histopathologic studies
of these lesions have shown variable degrees of
lymphocytic vasculitis with evidence of endothelial
damage [47

&

]. Coronavirus particles have also been
described within the endothelium [47

&

]. Prognosis
of children with chilblains is favorable, with spon-
taneous regression within 2–8 weeks as the most
common outcome. In severe cases, a trial of topical
steroids and/or oral antihistamines may be consid-
ered [46,48].
 Copyright © 2021 Wolters Kluwe
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CONCLUSION

Despite the numerous challenges to the medical
community, the COVID-19 era has been defined by
a rapid expansion in scientific knowledge and a
time of extraordinary local and worldwide collab-
oration, both within the pediatric rheumatology
community, as well as across multiple disciplines.
Through collective efforts, we have learned that
children with PRD, including those on immuno-
modulatory therapies, are not at increased risk for
severe COVID-19; thus, the overall goals in the
management of patients with PRD include contin-
ued therapy to assure prompt control of active
disease, relief of symptoms, and prevention of
long-term sequelae. Pediatric rheumatology pro-
viders must be mindful of challenges that have
been exacerbated during the pandemic including
healthcare inequities, impaired access to clinical
care and psychosocial distress. Finally, pediatric
rheumatology providers have been called upon
to assist in the management of post-COVID
sequelae, including MIS-C, relying on expertise
in multidisciplinary collaboration, knowledge of
immune responses, and the use of immunomodu-
latory therapies.
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