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Introduction 
Public Health Ontario (PHO) is actively monitoring and assessing relevant information related to 
Coronavirus Disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). “What We Know So Far” documents provide a rapid review of the evidence on a specific aspect 
related to COVID-19. This document replaces Pediatric Post-acute COVID-19 and Multisystem 
Inflammatory Syndrome in Children (MIS-C) – What We Know So Far (April 5, 2021).1 This rapid review 
concentrates on results from systematic reviews and meta-analyses where applicable, updating the 
evidence concerning post-acute COVID-19 syndrome (PACS) and MIS-C in children.  

Key Findings 
 This rapid review considered PACS as persistent symptoms or new sequelae present three or 

more weeks after SARS-CoV-2 infection, irrespective of disease severity (i.e., severe, mildly 
symptomatic or asymptomatic).  

 From eight controlled studies, the prevalence of PACS or specific PACS symptoms or 
sequelae was below 10%. Sequelae consistent with PACS that were more frequently 
reported in children with previous SARS-CoV-2 infection, compared to controls not infected 
with SARS-CoV-2, included smell dysfunction, shortness of breath and fatigue. Currently, it is 
unclear if and how PACS impacts quality of life measures in children.  

 Overall, there is inconclusive evidence demonstrating a causal link between SARS-CoV-2 
infection and PACS in children and findings may change as more high quality research is 
conducted. In addition, studies found relatively high levels of non-specific symptoms in non-
SARS-CoV-2-infected children, such as headache, cognitive difficulties, mental health 
conditions and sleep impairment. 
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 MIS-C is a rare systemic inflammatory vasculopathy of children that can occur following SARS-
CoV-2 infection. The onset of MIS-C generally occurs 2–6 weeks after confirmed or suspected 
SARS-CoV-2 infection.  

 Symptoms of MIS-C from 17 systematic reviews included: abdominal pain; vomiting; rash 
(any type); hemodynamic shock or hypotension; conjunctivitis; diarrhea; other cardiac 
abnormalities (e.g., pericardial effusion, myocarditis); diarrhea; oral cavity changes (e.g., 
dry/cracked lips, strawberry tongue); and swelling in extremities.  

 Prevention strategies that reduce the risk of SARS-CoV-2 transmission can be layered to mitigate 
the risks of children developing PACS or MIS-C. This layered approach includes ventilation, 
universal indoor masking in public settings, vaccination, masking directives in high-risk settings, 
and communication on the importance of wearing masks with good fit and filtration for personal 
and population-level protection. Those at highest risk of severe disease (e.g., those with immune 
compromise and those from racialized and low income populations), ineligible for vaccination 
(i.e., children less than 5 years) and those impacted by disruptions in educational settings (e.g., 
individuals who cannot attend due to being infected or symptomatic), can benefit from 
population-level interventions.  

Background 
There is ongoing research into what constitutes PACS and how to define the condition. There are also a 
number of names used to refer to persistent symptoms after the acute phase of a SARS-CoV-2 infection, 
including “long COVID,” “post-COVID syndrome,” “post-COVID-19 condition”, and “post-acute sequelae of 
SARS-CoV-2 infection”;2 however, we will use PACS throughout this document. Nalbandian et al. (2021) 
described PACS as persistent symptoms and/or delayed symptoms of SARS-CoV-2 infection beyond 
4 weeks from symptom-onset.3 PACS has been defined elsewhere as signs and symptoms that develop 
during or after SARS-CoV-2 infection, continue for more than 12 weeks, and are not explained by an 
alternative diagnosis.4-6 Stephenson et al. (2022) used the Delphi process to develop a research definition 
as follows: “Post-COVID-19 condition occurs in young people with a history of confirmed SARS-CoV-2 
infection, with at least one persisting physical symptom for a minimum duration of 12 weeks after initial 
testing that cannot be explained by an alternative diagnosis. The symptoms have an impact on everyday 
functioning, may continue or develop after COVID infection, and may fluctuate or relapse over time.”7 
The Ontario COVID-19 Science Advisory Table (2021) reported that while a consistent case definition has 
not been established, PACS encompasses many potential sequelae of infection with SARS-CoV-2 which 
may persist for weeks to months, and can develop after severe, mildly symptomatic or asymptomatic 
SARS-CoV-2 infections.8 To ensure a broad assessment of PACS, we will consider PACS as persistent 
symptoms or sequelae present 3 weeks or more after SARS-CoV-2 infection.  

MIS-C is a recognized illness associated SARS-CoV-2 infection. MIS-C has been described as a post-viral 
systemic inflammatory vasculopathy of children following SARS-CoV-2 infection, with similar clinical 
presentations to Kawasaki disease.9,10 MIS-C generally occurs 2–6 weeks after confirmed or suspected 
SARS-CoV-2 infection and illness is attributed to an enhanced immune response, rather than active viral 
replication and acute infection.11,12  

In order to plan for a potential increase in burden of disease related to PACS and MIS-C, and an 
associated increase in use of healthcare resources post-COVID-19, we need a better understanding of 
these conditions. Knowledge of the risk factors associated with the development of PACS and MIS-C may 
be able to assist with directing resources appropriately.  
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Methods 
In considering feasibility, scope, and a need for responsiveness, we chose a rapid review as an 
appropriate approach to understanding PACS and MIS-C. A rapid review is a knowledge synthesis where 
certain steps of the systematic review process are omitted (e.g., duplicate screening, quality assessment) 
in order to be timely.13 

PHO Library Services conducted updated literature searches in MEDLINE (February 11, 2022), National 
Institutes of Health COVID-19 Portfolio (Preprints) (February 11, 2022), Embase (February 15, 2022) and 
Global Health/Scopus (February 15, 2022). The search was informed by the previous search strategy, with 
the addition of updated SARS-CoV-2 variant of concern (VOC) terms and COVID-19 vaccination terms to 
ensure up-to-date concepts were captured (search strategies available upon request). We searched 
PubMed on April 16, 2022 for additional articles of interest.  

English-language peer-reviewed and non-peer-reviewed studies that described PACS or MIS-C were 
included. Studies did not have to specify if cases of SARS-CoV-2 were test-confirmed to be included, and 
did not need to specify if cases were symptomatic, asymptomatic, hospitalized or not hospitalized. We 
restricted the search to articles published after the previous search (March 1, 2021). This rapid review 
concentrated on evidence from systematic reviews and meta-analyses, supplemented by primary 
literature where appropriate.  

Where prevalence data were reported for multiple end-points after SARS-CoV-2 infection, we reported 
prevalence for the latest follow-up period. Pooled prevalence estimates for PACS, PACS sequelae, MIS-C 
or MIS-C signs and symptoms were extracted from systematic reviews and primary literature. We 
excluded systematic reviews that conducted their literature searches before 2021. Due to the substantial 
increase in available literature since the last version of this synthesis, and to limit the volume of primary 
studies included, we only included primary studies with at least 500 participants. Studies were restricted 
to those with patients less than or equal to 21 years of age. We did not scope out signs (e.g., diagnostic 
tests and biomarkers) in this review; however, we focused on describing symptoms of PACS and MIS-C. 

This document does not report on the indirect impacts of pandemic public health measures on long-term 
sequelae; e.g., impact of social distancing on mental health or the consequences of deferred health care 
on chronic disease management. In addition, this synthesis does not address the management of patients 
with long-term sequelae, the underlying mechanisms for the emergence of sequelae, or sequelae related 
to treatment of SARS-CoV-2 infection (e.g., post-intensive care unit [ICU] admission, invasive mechanical 
ventilation, therapeutics). Finally, the impact of vaccination on PACS is not in scope for this synthesis; 
however, is addressed in PHO’s Impact of Vaccination on Post-Acute COVID-19 Syndrome (PACS) – What 
We Know So Far.14

 For information on the adult population, please see PHO’s Post-Acute COVID-19 
Syndrome (PACS) in Adults.15 

Prior to posting, PHO subject-matter experts review all knowledge products. As the COVID-19 outbreak 
continues to evolve and the scientific evidence rapidly expands, the information provided in this 
document is only current as of the date of the respective literature searches. 
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Screening Results 
We screened 7,263 articles identified from updated database searches: MEDLINE (n=2,893 articles), 
Embase and Global Health (n=3,223), Scopus (n=756), and National Institutes of Health COVID-19 
Portfolio (Preprints) (n=391). After screening, full-text review, and re-assessment of the previously 
included evidence with updated inclusion criteria, we included 22 systematic reviews and meta-analyses 
(PACS: n=4; MIS-C: n=18), and 24 primary research articles (PACS: n=12; MIS-C: n=12).  

For PACS studies, settings during the acute phase of COVID-19 illness usually included a mix of inpatient 
and outpatient settings (13/16), followed by outpatient only (2/16) and inpatient only (1/16). All MIS-C 
studies were conducted in inpatient settings. Due to scarce studies with large sample sizes for MIS-C risk 
factors, studies in this sub-section were exempt from the eligibility criteria for 500 or more participants. 
Two of the 22 included reviews were non-peer reviewed preprints.16,17 Six of the 24 primary studies were 
non-peer-reviewed preprints.18-23 Primary studies were conducted primarily the United States (US) 
(13/24) and Europe (10/24), one study included multiple countries. 

Please refer to Appendix A (Table 1) and Appendix B (Table 5) for additional characteristics of included 
studies. 

It is important to note the considerable heterogeneity across included studies. Studies used different 
follow-up periods and different time points to determine follow-up periods; e.g., time from hospital 
discharge, time from positive SARS-CoV-2 test, and time from symptom-onset in acute stage of disease. 
Reported symptoms, outcome measures/criteria, populations (e.g., severity of illness during acute SARS-
CoV-2 infection) also varied widely across studies. 

PACS in the Pediatric Population 

Patient Characteristics and Prevalence of PACS 
We included four systematic reviews and 12 primary research articles related to PACS in children. The 
pooled mean/median age of patients with PACS ranged from 10.2–17.7 years and the pooled 
mean/median proportion of female patients ranged from 46.9%–63.5%. Race or ethnicity of patients was 
not reported in any of the included systematic reviews, but in three of the 12 primary studies over 60% of 
patients were reported as white.19,20,24 Two of the total 16 studies did not include a control group (non-
SARS-CoV-2 infected).25,26 Throughout this report, we use “case” to refer to patients with previous SARS-
CoV-2 infection, and “control” to refer to patients without previous SARS-CoV-2 infection. 

As noted above, the definition, diagnostic criteria and official name for this condition are not yet 
established. A meta-analysis was not appropriate due to the heterogeneity among studies. We report the 
prevalence difference range, which is the mean prevalence of an outcome (e.g., comorbidity, sequelae) 
among children with previous SARS-CoV-2 infection minus the study-matched mean prevalence of an 
outcome from children without previous SARS-CoV-2 infection. In addition, we provide the interquartile 
range (IQR) of the prevalence differences for any given outcome along with the number of studies used 
for estimates.  
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In eight controlled studies, the prevalence difference range of any comorbidity or pre-existing condition 
in patients with PACS was 0.0% to 5.8% (IQR: 0.6%–3.5%). Pre-existing neurological/mental health 
conditions were lower in children with PACS compared to controls (prevalence difference range: -2.6% to 
-0.4%, IQR: -2.1% to -1.0%, 3 studies); pre-existing asthma was slightly more prevalent in children with 
PACS compared to controls (prevalence difference range: 0.1%–2.1%, IQR: 0.1%–1.1%, 3 studies) 
(Appendix A, Table 2).  

From the included studies, the association of previous COVID-19 infection in children and symptoms 
consistent with PACS was unclear, with several studies showing higher (or similar) prevalence of 
symptoms in controls. The prevalence difference range of having at least one PACS sequelae or symptoms 
was -2.4% to 13.2% (IQR: -0.6% to 8.0%, 8 studies).  

In three controlled studies and one uncontrolled study with multiple follow-up periods, the prevalence of 
PACS decreased over time.20,26-28 Behmood et al. (2022) reported in a meta-regression that as the number 
of months since diagnosis increased, the prevalence of headache, cognitive difficulties and abdominal 
pain decreased, but the prevalence of fatigue, myalgia, loss of smell and shortness of breath increased.27 
In a study of 6,630 patients and 21,640 controls in Denmark, Berg et al. (2022) reported that all sequelae 
decreased from 2 months through 12 months post-diagnosis; e.g., fatigue at 2 months was 11.1%, 
compared to 3.3% at 12 months.28 In a study of 518 patients in Russia, Osmanov et al. (2022) reported 
that the prevalence of persistent symptoms decreased over time; e.g., prevalence of fatigue at discharge 
was 15.8%, compared to 8.8% at 6 months.26  

Specific PACS Symptoms and Sequelae  
Seven studies investigated specific symptoms and sequelae consistent with PACS in children with the use 
of non-SARS-CoV-2-infected controls.16,18,22,24,27-29 The prevalence of specific PACS symptoms was 
relatively low, with some studies even showing similar or greater prevalence of symptoms in controls. For 
example, children with previous SARS-CoV-2 infection had approximately 4.8% to 12.1% greater 
prevalence of smell dysfunction compared to children without previous SARS-CoV-2 infection. In contrast, 
children with previous SARS-CoV-2 infection had approximately -5.9% to -0.6% lower prevalence of sleep 
impairment compared to children without previous SARS-CoV-2 infection. The prevalence difference 
range (and IQR) of PACS symptoms are reported below (see Appendix A, Table 3 and Table 4). 

 Smell dysfunction: prevalence difference range: 0.2%–12.2%, IQR: 4.8%–12.1%, 5 studies 

 Shortness of breath: prevalence difference range: 0.8%–13.0%, IQR: 1.0%–11.7%, 5 studies 

 Fatigue: prevalence difference range: -2.4%–14.6%, IQR: 1.0%–8.9%, 6 studies 

 Joint pain: prevalence difference range: 0.4%–1.9%, IQR: 1.1%–1.9%, 3 studies 

 Decreased appetite/weight loss: prevalence difference range: 0.8%–2.3%, IQR: 0.9%–1.7%, 3 
studies 

 Dizziness: prevalence difference range: -1.5%–5.3%, IQR: 0.5%–4.9%, 5 studies 

 Nausea/vomiting/diarrhea: prevalence difference range: -0.7%–1.8%, IQR: 0.5%–1.1%, 4 studies 

 Myalgia: prevalence difference range: -0.1%–4.4%, IQR: 0.1%–3.6%, 4 studies 
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 Chest pain: prevalence difference range: -0.9%–3.5%, IQR: 0.1%–2.3%, 3 studies 

 Headache: prevalence difference range: -3.1%–9.0%, IQR: -0.5%–6.4%, 6 studies 

 Cough: prevalence difference range: -4.0%–1.7%, IQR: -0.6%–1.3%, 4 studies  

 Abdominal pain: prevalence difference range: -3.8%–1.0%, IQR: -2.2%–0.8%, 4 studies 

 Cognitive difficulties: prevalence difference range: -6.9%–3.2%, IQR: -2.4%–0.8%, 6 studies 

 Sleep impairment: prevalence difference range: -10.9% to -0.3%, IQR: -5.9% to -0.6%, 3 studies 

In a cross-sectional study of 24,315 adolescents (ages 15–18 years) in Denmark, Berg et al. (2022) 
reported that the following sequelae consistent with PACS had significantly higher odds ratios (OR, 95% 
confidence interval [CI]) in those with a positive SARS-CoV-2 test compared to age and sex-matched 
controls (test negative and untested): shortness of breath (2.7, 2.31–3.15), cough (1.6, 1.43–1.85), sore 
throat (1.6, 1.21–2.10), chest pain (1.4, 1.12–1.69), dizziness (1.4, 1.16–1.59), headache (1.2, 1.10–1.34), 
palpitations (1.2, 1.10–1.36) and loss of appetite (1.2, 1.02–1.29) (2 month follow-up period).28 Children 
with SARS-CoV-2, compared to non-infected controls, had significantly lower odds of experiencing 
abdominal pain, rash, mood swings, dark circles under the eyes, cold hands or feet, chapped lips, 
discolored fingers and toes and extreme paleness. Given the higher prevalence of these symptoms in the 
control group, this highlights a situation where there is a high background level of signs and symptoms 
with other underlying causes.  

Impact of PACS on Quality of Life (QoL) in Children 
The impacts of PACS on QoL were investigated in five studies, which had inconsistent findings, with two 
studies reporting that children with PACS had better QoL scores than controls.19,22,25,28,29 Borch et al. 
(2022) reported that those in the case group had a higher sense of well-being compared to healthy 
controls (WHO-score difference: 4, 95% CI: 3.5–4.8).29 Berg et al. (2022) reported that children with SARS-
CoV-2 infection had higher Pediatric Quality of Life (PedsQL) scores than controls for physical functioning, 
emotional functioning, social functioning, and school functioning experienced over the past month.28 In a 
study of 3,227 test-positive individuals in England and 3,869 test-negative individuals, Nugawela et al. 
(2022) (preprint) reported that in test-positive patients (at a minimum of 3 months post COVID-19) there 
was increased risk of loneliness, problems with mobility, problems with performing daily activities and 
experiencing increased pain.19 Overall, there was insufficient and inconsistent evidence to conclude the 
impact of PACS on QoL measures in children; therefore, further research is needed. 

Risk Factors Associated with PACS in Children  
Few studies assessed risk factors for the development of PACS in children, with inconsistent results 
reported among the included studies. While more research is needed, potential risk factors were female 
sex and increasing age (statistically significant findings in 4/6 studies each), along with the presence of 
comorbidities or increased number of comorbidities (3/6 studies).   

In a systematic review and meta-regression of 23,141 patients with COVID-19, Behnood et al. (2022) 
reported that the presence of several persistent symptoms (e.g., fatigue, shortness of breath) was 
associated with female sex and increasing age.27 In a study of 5,053 adolescents with a positive test in 
Massachusetts, US, Castro et al. (2022) (preprint) reported a lower risk (OR, 95%) of neurological 
sequelae 90–150 days after testing in males (0.7, 0.54–0.84) and a higher risk in those with more 
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comorbidities (Charleston comorbidity index 2+ compared to 0: 6.3, 2.53–14.3), Hispanic ethnicity (1.3, 
1.00–1.73) and those with public insurance (1.4, 1.07–1.76).20 In Russia, Osmanov et al. (2022) reported 
an increased risk with pre-existing allergic conditions (1.7, 1.03-2.63); when restricting to those >6 years, 
risk of PACS was higher in those that had severe acute COVID-19 (6.1, 1.37–43.9) compared to mild 
infection.26 Osmanov et al. defined severe disease as having received non-invasive ventilation, invasive 
ventilation or admission to the paediatric intensive care unit (PICU) during hospital admission. 

Two studies found that risk factors for persistent symptoms consistent with PACS were similar amongst 
SARS-CoV-2 cases and non-SARS-CoV-2-infected controls. In a national, cross-sectional study of 6,630 
patients and 21,640 controls, Berg et al. (2022) reported that the risk of sequelae consistent with PACS 
after 2 months was higher in females in both the case group (OR: 2.7, 95% CI: 2.40–3.03) and the control 
group (OR: 2.6, 95% CI: 2.42–2.70).28 In a national matched cohort study in England of 3,065 patients 
(tested positive) and 3,739 controls (tested negative), assessed 3-months after testing, Stephenson et al 
(2022) reported that factors associated with an increased risk of a child developing sequelae consistent 
with PACS were similar for cases and controls including; female sex, increasing age and presence of any 
comorbidities.24  

Multisystem Inflammatory Syndrome in Children (MIS-C) 
Case definitions for MIS-C vary (E.g., Canadian Pediatric Surveillance Program,30 United States [US] 
Centers for Disease Control and Prevention);31 for simplicity, we adapted the World Health Organization’s 
MIS-C case definition:32  

 Children and adolescents 0–19 years old with fever lasting more than 3 days 

 Elevated markers of inflammation  

 No other obvious microbial cause of inflammation  

 Evidence of SARS-CoV-2 infection or contact with a patient with COVID-19 

 AND two of the following: 1) rash, conjunctivitis or mucocutaneous inflammation signs; 2) 
hypotension or shock; 3) features of myocardial dysfunction, pericarditis, valvulitis, or coronary 
abnormalities; 4) evidence of coagulopathy; 5) acute gastrointestinal problems 

This section will not include assessments of PACS in those recovering from MIS-C; however, research is 
beginning to look at this question. In most studies, the prevalence of clinical and self-reported PACS 
sequelae is low.33-37 For example, in a study of 89 patients recovering from MIS-C in Sweden, Kahn et al. 
(2021) reported that upon examination 2 months after diagnosis, children had few abnormal clinical 
findings and the most commonly self-reported symptom was fatigue (14%).36  

We included 18 systematic reviews and 12 primary studies related to MIS-C. Unlike the studies related to 
PACS, the studies related to MIS-C did not include control groups of children who were not infected with 
SARS-CoV-2. A meta-analysis was not appropriate due to the heterogeneity among studies. Thus, to 
summarize the pooled mean/median prevalence estimates extracted from heterogeneous studies, we 
first reported the range of all identified pooled mean/median prevalence results (e.g., 5%–75%). Then, for 
each outcome we identified the interquartile range (IQR) of all prevalence estimates. We used this 
descriptive approach to demonstrate the wide range of results in the available literature related to this 
topic, along with a central range (i.e., IQR) to describe a more focused range of available results. 
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Patient Characteristics and Incidence of MIS-C 
In 13 systematic reviews, the pooled mean/median age of patients with MIS-C ranged from 7.5 to 9.3 
years. In 14 systematic reviews, the pooled mean/median prevalence of male patients with MIS-C ranged 
from 52.3%–62.6% (see Appendix B, Table 5).  

In nine systematic reviews, the pooled mean/median prevalence of MIS-C by ethnic or racial background 
was (see Appendix B, Table 6): 

 Black: range: 31%–37%, IQR: 31.5%–34.8%, 9 studies 

 Hispanic: range: 19%–35%, IQR: 25.7%–34.3%, 7 studies 

 White: range: 14%–29%, IQR: 18.9%–27.0%, 9 studies 

 Other/mixed/unknown: range: 14%–25%, IQR: 9.0%–22.3%, 6 studies 

 Asian: range: 5%–19%, IQR: 8.1%–13.8%, 9 studies 

At least 20% of patients with MIS-C had at least one co-morbidity (range: 20%–48%, IQR: 25.0%–32.0%, 8 
studies). In 12 systematic reviews, the pooled mean/median prevalence of the most commonly reported 
co-morbidities were (see Appendix B, Table 5):  

 Obesity/overweight: range: 8%–57%, IQR: 18.0%–30.8%, 9 studies 

 Chronic lung conditions: range: 4%–27%, IQR: 13.2%–20.2%, 7 studies 

MIS-C is a relatively rare condition, with incidence typically below 5 cases per 100,000 population.38-43 In 
New York City, the incidence of COVID-19 in those under 21 years old was 322 per 100,000 population 
and the incidence of MIS-C was 2 per 100,000 (Dufort et al. 2021).40 In a cross-sectional analysis of 1,733 
patients in the US, Belay et al. (2021) reported that the overall incidence of MIS-C was 2.1 per 100,000 
and varied by state (range: 0.2–6.3).38  

Clinical Manifestations 
Greater than 50% of patients with MIS-C experienced symptoms involving the gastrointestinal and 
cardiovascular systems. In 14 systematic reviews, the pooled mean/median prevalence of MIS-C 
according to organ system involvement was (see Appendix B, Table 7): 

 Gastrointestinal: range: 59%–89%, IQR: 75.3%–85.7%, 11 studies 

 Cardiovascular: range: 38%–82%, IQR: 52.2%–72.7%, 7 studies  

 Respiratory: range: 10%–50%, IQR: 38.8%–43.0%, 8 studies 

 Neurological: range: 19%–41%, IQR: 22.9%–36.0%, 10 studies 
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The most commonly reported signs and symptoms in MIS-C patients through disease course were 
abdominal pain, vomiting, rash (any type), conjunctivitis, diarrhea, oral cavity changes (e.g., dry and 
cracked lips, mucosal rash, strawberry tongue) and swelling in extremities. Additional symptoms reported 
in less than 20% of patients included shortness of breath, cough, headache, lymphadenopathy, myalgia 
and sore throat. In 15 systematic reviews, the pooled mean/median prevalence of the most commonly 
reported signs and symptoms were (see Appendix B, Table 8): 

 Abdominal pain: range: 36%–81%; IQR: 58.4%–70.1%, 5 studies 

 Vomiting: range: 25%–76%, IQR: 57.4%–67.2%, 7 studies 

 Rash: range: 19%–68%, IQR: 56.2%–59.9%, 13 studies  

 Conjunctivitis: range: 40%–63%, IQR: 50.3%–54.7%, 10 studies  

 Diarrhea: range: 27%–58%, IQR: 41.0%–56.1%, 6 studies 

 Oral cavity changes: range: 5%–44%, IQR: 23.0%–42.3%, 5 studies 

 Swelling in extremities: range: 13%–59%, IQR: 22.7%–36.0%, 7 studies 

Since fever is typically an inclusion criterion for MIS-C diagnosis, almost all patients had objective fever. 
As expected, clinical phenotypes affecting the cardiovascular system were common in patients with MIS-
C. In 17 systematic reviews, the pooled mean/median prevalence of the most commonly reported clinical 
findings were (see Appendix B, Table 9): 

 Fever: range: 91%–100%, IQR: 97.1%–100%, 12 studies 

 Hemodynamic shock or hypotension: range: 21%–66%, IQR: 50.6%–61.0%, 13 studies 

 Decreased left ventricular ejection fraction: range: 32%–65%, IQR: 40.7%–56.4%, 11 studies 

 Myocarditis: range: 16%–65%, IQR: 39.3%–59.0%, 9 studies  

 Pericardial effusion: range: 14%–49%, IQR: 20.5%–33.4%, 7 studies 

While the prevalence of intensive care unit (ICU) admissions and those requiring invasive mechanical 
ventilation were relatively high in patients with MIS-C, deaths from MIS-C were rare. In 15 systematic 
reviews, the pooled mean/median prevalence of disease severity measures were (see Appendix B, Table 
10): 

 ICU admission: range: 67%–79%, IQR: 70.3%–76.0%, 12 studies 

 Invasive mechanical ventilation: range: 18%–50%, IQR: 24.3%–32.3%, 12 studies 

 Death: range: 1.0%–2.8%, IQR: 1.6%–2.0%, 13 studies 

For clinical parameters, the four primary studies (>1,000 patients) we included were largely in agreement 
with the findings from the systematic reviews; however, there were some notable exceptions. The pooled 
mean/median prevalence range of oral cavity changes was lower in primary studies (23%–29% in 2/2 
studies that included this parameter), compared to 40%–49% in 3/5 systematic reviews. The prevalence 
of myocarditis was lower in primary studies (15%–18% in 4/4 studies), compared to 50%–69% in 5/9 
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systematic reviews. In addition, prevalence of disease severity measures were lower in primary studies: 
ICU admission (58%–60% in 3/3 primary studies versus 70%–79% in 9/12 systematic reviews) and invasive 
mechanical ventilation (9.3%–9.4% in 2/2 primary studies versus 18%–50% in 12/12 systematic reviews).  

Risk Factors Associated with Developing MIS-C 
In part due to the low incidence of MIS-C, the majority of studies on risk factors associated with MIS-C 
have relatively small sample sizes (i.e., 2/10 studies with >1,000 patients) and concentrated on age, sex 
and ethnic background as potential risk factors. Having a comorbidity did not increase the risk of 
developing MIS-C; however, comorbidities increase the severity of MIS-C (i.e., ICU admission, death).44,45 
While outside the scope of this rapid review, studies have shown that the risk of developing MIS-C has 
decreased over the course of the pandemic defined by dominant VOC (higher to lower relative risk: Alpha 
> Delta > Omicron).46,47  

In one systematic review and nine primary studies, the primary risk factor associated with developing 
MIS-C was Black race (9 out of 10 studies with significant findings) (see Appendix B, Table 11). In a study 
of 1,382 children with MIS-C and 1,090,302 children with COVID-19, Stierman et al. (2021) examined 
observed (O) and expected (E) numbers of patients with MIS-C by race.48 The numbers of Black (O/E: 2.1, 
95% CI 1.84–2.37) children were higher than expected, compared to lower than expected numbers for 
white children (O/E: 0.7; 95% CI: 0.65-0.72). In a case series of patients with MIS-C (n=539) and severe 
COVID-19 (n=577) in the US, Feldstein et al. (2021) reported on risk factors associated with developing 
MIS-C.49 Compared to those with severe COVID-19, the risk of MIS-C was higher in those 6–12 years old 
(versus those <6 years; adjusted risk ratio [aRR]: 1.5; 95% CI: 1.33–1.72) and Black patients (versus white; 
aRR: 1.4; 95% CI: 1.17–1.76). In a study of 223 patients in New York City, Lee et al. (2020) reported that 
compared to white children, there was a higher incidence of MIS-C among Black (incidence rate ratio 
[IRR]: 3.2; 95% CI: 2.0–4.9) and Hispanic (IRR: 1.7; 95% CI: 1.1–2.7) children.50 There was no increased risk 
when comparing Asian (IRR: 0.9; 95% CI: 0.4–1.7) and white children. Black (IRR: 1.7; 95% CI: 1.3–2.2) and 
Hispanic (IRR: 2.1; 95% CI: 1.7–2.7) children had higher hospitalization rates when compared to white 
children.  
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Limitations 
The expected limitations associated with systematic reviews apply to our rapid review as well. First, we 
did not include non-English studies and we possibly missed additional articles of interest in other 
languages. Second, we did not check systematic reviews for overlap of included primary studies; 
therefore, primary studies may have appeared in more than one review. Thirdly, the high levels of 
heterogeneity in systematic reviews and meta-analyses made it difficult to compare findings between 
studies, and likely the result of primary studies being mostly observational in nature with variable follow-
up periods.  

There was no consistent definition of “PACS”, and we accepted authors’ definitions of post-acute 
symptoms and sequelae. In most studies, it was not possible to determine the proportion of cases that 
had PACS symptoms or sequelae (but who had completely recovered), in contrast to those with ongoing 
symptoms from a lack of complete recovery from infection. Few studies examined PACS symptoms over 
multiple follow-up periods, making it difficult to understand how long specific PACS symptoms last; 
however, sequelae tended to decrease in prevalence as time from diagnosis increased. Studies used 
different follow-up periods and used different time points for determining follow-up periods; e.g., time 
from hospital discharge, time from negative test, and time from symptom-onset in acute stage of disease. 
In addition, as the follow-up period increased, the sample size of patients decreased; therefore, we likely 
over-represent relatively short-term sequelae. Among systematic reviews and meta-analyses, along with 
primary studies, there was no standardization of symptom definitions and diagnostic criteria (e.g., 
validated self-reported questionnaires versus clinical assessments). Included studies were likely biased 
towards studies where patients were tested by RT-PCR for SARS-CoV-2 infection. A bias towards positive 
test subjects means underrepresentation of those without access to testing, those with asymptomatic 
infection or mild infection, and those with barriers to care. Most studies used subjective assessments of 
symptoms, which may be affected by recall bias.  

It remains unclear the extent to which some persistent neuropsychiatric symptoms in children are due to 
public health measures (e.g. lockdowns, physical distancing) rather than infection itself; further case-
control studies would help clarify the contribution of public health interventions and infection to 
persistent symptoms.51 In studies where subjects were recruited online for symptom reporting potentially 
led to selection bias, where the symptoms reported for children are non-specific and occur in children at 
a relatively high prevalence in the non-COVID-19 population. In addition, PICU admission, invasive 
mechanical ventilation, corticosteroids, and other medical treatments may contribute to persistent 
symptoms in recovering patients, and these symptoms may not necessarily be due to the infection.  

In a systematic review of PACS in children (21 studies and 81,896 patients), Hirt et al. (2022) (preprint) 
called into question the validity of included studies with respect to the reported PACS outcomes.17 The 
concerns with included studies were due primarily to a critical risk of confounding bias in studies (21/21 
studies) and serious/critical risk of selection bias (19/21 studies). The authors noted that only two studies 
demonstrated a potential causal relationship between SARS-CoV-2 infection in children and development 
of PACS; i.e., Blomberg et al. (2022) (patients 16–30 years; not included in our review)52 and Roessler et 
al. (2021) (preprint).18 

The findings presented in this review may not be generalizable to all pediatric patients with COVID-19. 
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Conclusions and Public Health Implications 
PACS in children is generally characterized by smell dysfunction, fatigue and shortness of breath. The 
prevalence of PACS in children (less than 10%) is lower compared to the estimates for the adult 
population,15 which may reflect the relatively milder nature of disease in children. These findings are 
highly heterogeneous and subject to a high degree of bias; therefore, readers should use caution when 
interpreting these results. In contrast to PACS, the clinical aspects of MIS-C are better described, with 
most patients experiencing gastrointestinal, cardiovascular, mucocutaneous and dermatological 
symptoms. Risk of developing MIS-C is higher in racialized communities, especially in Black children.  

Since the majority of PACS studies in children concentrated on white children, more research is needed 
with racialized communities. Johnson et al. (2020) recognized that racialized communities are more 
impacted by COVID-19, case prevalence and economic hardship.53 While Black race was identified as a 
risk factor for developing MIS-C, it is unclear whether biological or social factors, or both underpin this 
risk. Rubens et al. (2021) noted, “racial and ethnic differences may reflect vulnerabilities to viral 
transmission related to occupational exposures, housing arrangements, or need to use public 
transportation. These factors, in addition to limitations in healthcare access and systemic inequities, 
contribute to the disparities highlighted by the COVID-19 pandemic.”10 A media article dated March 30, 
2021, noted that about 50% of Toronto’s population belongs to a racialized group, yet they represented 
77% of all COVID-19 cases.54 The authors reported that at The Hospital for Sick Children in Toronto, they 
have cared for approximately 130 patients with MIS-C, with only 20% of these patients being white. The 
over-representation of racialized groups in MIS-C patients in Toronto aligns with the findings from this 
review.  

Prevention strategies that reduce the risk of SARS-CoV-2 transmission can be layered to further mitigate 
the risks of children developing PACS or MIS-C. This layered approach includes ventilation, universal 
indoor masking in public settings, vaccination, masking directives in high-risk settings, and 
communication on the importance of wearing masks with good fit and filtration for personal and 
population-level protection. Those at highest risk of severe disease (e.g., those with immune compromise 
and those from racialized and low income populations), ineligible for vaccination (i.e., children less than 5 
years) and those impacted by disruptions in educational settings (e.g., when individuals cannot attend 
due to being infected or symptomatic), can benefit from population-level interventions.  

Further research is needed to characterize PACS and MIS-C in children, especially for identifying future 
healthcare resource requirements and to tailor care for higher risk groups for complications. Care for 
patients with PACS may place added stresses on healthcare and social support systems (e.g., parents and 
guardians unable to work due to a child’s PACS or MIS-C), including increased emergency department 
visits, outpatient care, inpatient care and rehabilitation therapy involving multidisciplinary teams.55-58 
However, in a register-based cohort study of 706,855 children (10,279 tested positive, 275,859 tested 
negative) in Norway, Magnusson et al. (2022) reported that there was no difference in the percentage of 
test-positive children using primary care compared to test-negative patients (up to 9 months after 
testing).59 Further longitudinal, standardized, case-control and large prospective cohort studies are 
needed to characterize PACS and MIS-C in children. Some of the research needs include:51,59-64 
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 Refining and developing a standardized definition of PACS and PACS prevalence under this 
definition 

 Developing standardized definitions of PACS symptoms and respective diagnostic criteria 

 Including more children from racialized communities in studies of PACS and MIS-C 

 Further research into the risk factors associated with developing PACS or MIS-C 

 Determining baseline, pre-infection comorbidities among case patients and non-case subjects; 
contributing to separation of sequelae due to COVID-19 or other etiologies 

 Determining if SARS-CoV-2 is persisting in children, and if this is contributing to PACS 

 Determining the duration of PACS and MIS-C symptoms and sequelae 

 Determining the biological and physiological processes contributing to PACS and MIS-C 

 Determining if PACS and MIS-C differ among variants of concern (VOCs), as most studies were 
performed previous to the emergence of Delta and Omicron 

 Determining if vaccination status has an impact on development and severity of PACS and MIS-C 

PHO will continue to monitor the scientific evidence on pediatric PACS and MIS-C, updating this 
document as necessary.  



Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  14 

References 
1. Ontario Agency for Health Protection and Promotion (Public Health Ontario). Pediatric post-acute 

COVID-19 and multisystem inflammatory syndrome in children (MIS-C) – what we know so far 
[Internet]. Toronto, ON: Queen’s Printer for Ontario; 2021 [cited 2022 Feb 10]. Available from: 
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/05/wwksf-
children-long-term-sequelae.pdf?sc_lang=en 

2. COVID-19 Real-Time Learning Network. Post COVID conditions (e.g., long COVID). Arlington, VA: 
Infectious Diseases Society of America; 2022 Mar 1 [cited 2022 Mar 28]. Available from: 
https://www.idsociety.org/covid-19-real-time-learning-network/disease-manifestations--
complications/post-covid-syndrome/  

3. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al. Post-acute 
COVID-19 syndrome. Nat Med. 2021;27(4):601-15. Available from: 
https://doi.org/10.1038/s41591-021-01283-z  

4. Lledó GM, Sellares J, Brotons C, Sans M, Antón JD, Blanco J, et al. Post-acute COVID-19 syndrome: 
a new tsunami requiring a universal case definition. Clin Microbiol Infect. 2022;28(3):315-8. 
Available from: https://doi.org/10.1016/j.cmi.2021.11.015  

5. Ramakrishnan RK, Kashour T, Hamid Q, Halwani R, Tleyjeh IM. Unraveling the mystery 
surrounding post-acute sequelae of COVID-19. Front Immunol. 2021;12:686029. Available from: 
https://doi.org/10.3389/fimmu.2021.686029  

6. Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV. A clinical case definition of post-COVID-19 
condition by a Delphi consensus. Lancet Infect Dis. 2022;22(4):e102-7 . Available from: 
https://doi.org/10.1016/s1473-3099(21)00703-9  

7. Stephenson T, Allin B, Nugawela MD, Rojas N, Dalrymple E, Pinto Pereira S, et al. Long COVID 
(post-COVID-19 condition) in children: a modified Delphi process. Arch Dis Child. 2022 Apr 1 
[Epub ahead of print]. Available from: https://doi.org/10.1136/archdischild-2021-323624  

8. Razak F, Katz GM, Cheung AM, Herridge MS, Slutsky AS, Allen U, et al. Understanding the post 
COVID-19 condition (long COVID) and the expected burden for Ontario. Science Briefs of the 
Ontario COVID-19 Science Advisory Table. 2021;2(44). Available from: 
https://doi.org/10.47326/ocsat.2021.02.44.1.0  

9. McMurray JC, May JW, Cunningham MW, Jones OY. Multisystem inflammatory syndrome in 
children (MIS-C), a post-viral myocarditis and systemic vasculitis-a critical review of its 
pathogenesis and treatment. Front Pediatr. 2020;8:626182. Available from: 
https://doi.org/10.3389/fped.2020.626182  

10. Rubens JH, Akindele NP, Tschudy MM, Sick-Samuels AC. Acute covid-19 and multisystem 
inflammatory syndrome in children. BMJ. 2021;372:n385. Available from: 
https://doi.org/10.1136/bmj.n385  

11. Dufort EM, Koumans EH, Chow EJ. Multisystem inflammatory syndrome in children in New York 
State. N Engl J Med. 2020;383(4):347-58. Available from: 
https://doi.org/10.1056/NEJMoa2021756  

https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/05/wwksf-children-long-term-sequelae.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/05/wwksf-children-long-term-sequelae.pdf?sc_lang=en
https://www.idsociety.org/covid-19-real-time-learning-network/disease-manifestations--complications/post-covid-syndrome/
https://www.idsociety.org/covid-19-real-time-learning-network/disease-manifestations--complications/post-covid-syndrome/
https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1016/j.cmi.2021.11.015
https://doi.org/10.3389/fimmu.2021.686029
https://doi.org/10.1016/s1473-3099(21)00703-9
https://doi.org/10.1136/archdischild-2021-323624
https://doi.org/10.47326/ocsat.2021.02.44.1.0
https://doi.org/10.3389/fped.2020.626182
https://doi.org/10.1136/bmj.n385
https://doi.org/10.1056/NEJMoa2021756


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  15 

12. 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(32):1074-80. Available from: 
https://doi.org/10.15585/mmwr.mm6932e2  

13. Khangura S, Konnyu K, Cushman R, Grimshaw J, Moher D. Evidence summaries: the evolution of a 
rapid review approach. Syst Rev. 2012;1:10. Available from: https://doi.org/10.1186/2046-4053-
1-10  

14. Ontario Agency for Health Protection and Promotion (Public Health Ontario). Impact of 
vaccination on post-acute COVID-19 syndrome (PACS) – what we know so far [Internet]. Toronto, 
ON: Queen’s Printer for Ontario; 2022 [cited 2022 Apr 13]. Available from: 
https://www.publichealthontario.ca/-/media/Documents/nCoV/COVID-WWKSF/2022/04/impact-
vaccination-post-acute-covid-19-syndrome.pdf?sc_lang=en 

15. Ontario Agency for Health Protection and Promotion (Public Health Ontario). Post-acute COVID-
19 syndrome (PACS) in adults [Internet]. Toronto, ON: Queen’s Printer for Ontario; 2022 [cited 
2022 Apr 25]. Available from: https://www.publichealthontario.ca/-
/media/Documents/nCoV/ipac/2022/04/post-acute-covid-syndrome-pacs.pdf?sc_lang=en 

16. Lopez-Leon S, Wegman-Ostrosky T, del Valle CA, Perelman C, Sepulveda R, Rebolledo PA, et al. 
Long COVID in children and adolescents: a systematic review and meta-analyses. medRxiv 
22272237 [Preprint]. 2022 Mar 12 [cited 2022 Apr 13]. Available from: 
https://doi.org/10.1101/2022.03.10.22272237  

17. Hirt J, Janiaud P, Gloy V, Schandelmaier S, Pereira TV, Contopoulos-Ioannidis DG, et al. Validity of 
reported post-acute health outcomes in children with SARS-CoV-2 infection: a systematic review. 
medRxiv 22272582 [Preprint]. 2022 Mar 20 [cited 2022 Apr 13]. Available from: 
https://doi.org/10.1101/2022.03.18.22272582  

18. Roessler M, Tesch F, Batram M, Jacob J, Loder F, Weidinger O, et al. Post COVID-19 in children, 
adolescents, and adults: results of a matched cohort study including more than 150,000 
individuals with COVID-19. medRxiv 21265133 [Preprint]. 2021 Oct 22 [cited 2022 Apr 13]. 
Available from: https://doi.org/10.1101/2021.10.21.21265133  

19. Nugawela MD, Stephenson T, Shafran R, De Stavola BL, Ladhani SN, Simmons R, et al. Developing 
a model for predicting impairing physical symptoms in children 3 months after a SARS-CoV-2 PCR-
test: the CLoCk study. medRxiv 22273117 [Preprint]. 2022 Apr 5 [cited 2022 Apr 13]. Available 
from: https://doi.org/10.1101/2022.04.01.22273117  

20. Castro VM, Gunning FM, Perlis RH. Persistence of neuropsychiatric symptoms associated with 
SARS-CoV-2 positivity among a cohort of children and adolescents. medRxiv 21264259 [Preprint]. 
2021 Sep 29 [cited 2022 Apr 13]. Available from: https://doi.org/10.1101/2021.09.28.21264259  

21. Miller F, Nguyen V, Navaratnam AMD, Shrotri M, Kovar J, Hayward AC, et al. Prevalence of 
persistent symptoms in children during the COVID-19 pandemic: evidence from a household 
cohort study in England and Wales. medRxiv 21257602 [Preprint]. 2021 Jun 2 [cited 2022 Apr 13]. 
Available from: https://doi.org/10.1101/2021.05.28.21257602  

https://doi.org/10.15585/mmwr.mm6932e2
https://doi.org/10.1186/2046-4053-1-10
https://doi.org/10.1186/2046-4053-1-10
https://www.publichealthontario.ca/-/media/Documents/nCoV/COVID-WWKSF/2022/04/impact-vaccination-post-acute-covid-19-syndrome.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/Documents/nCoV/COVID-WWKSF/2022/04/impact-vaccination-post-acute-covid-19-syndrome.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/Documents/nCoV/ipac/2022/04/post-acute-covid-syndrome-pacs.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/Documents/nCoV/ipac/2022/04/post-acute-covid-syndrome-pacs.pdf?sc_lang=en
https://doi.org/10.1101/2022.03.10.22272237
https://doi.org/10.1101/2022.03.18.22272582
https://doi.org/10.1101/2021.10.21.21265133
https://doi.org/10.1101/2022.04.01.22273117
https://doi.org/10.1101/2021.09.28.21264259
https://doi.org/10.1101/2021.05.28.21257602


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  16 

22. Dumont R, Nehme M, Lorthe E, de Mestral C, Richard V, Baysson H, et al. Persistent symptoms 
among children and adolescents with and without anti-SARS-CoV-2 antibodies: a population-
based serological study in Geneva, Switzerland. medRxiv 21268298 [Preprint]. 2021 Dec 23 [cited 
2022 Apr 25]. Available from: https://doi.org/10.1101/2021.12.23.21268298  

23. Martin B, DeWitt PE, Russell S, Anand A, Bradwell KR, Bremer C, et al. Children with SARS-CoV-2 
in the National COVID Cohort Collaborative (N3C). medRxiv 21260767 [Preprint]. 2021 Jul 23 
[cited 2022 Apr 25]. Available from: https://doi.org/10.1101/2021.07.19.21260767  

24. Stephenson T, Pinto Pereira SM, Shafran R, de Stavola BL, Rojas N, McOwat K, et al. Physical and 
mental health 3 months after SARS-CoV-2 infection (long COVID) among adolescents in England 
(CLoCk): a national matched cohort study. Lancet Child Adolesc Health. 2022;6(4):230-9. Available 
from: https://doi.org/10.1016/s2352-4642(22)00022-0  

25. Borel M, Xie L, Kapera O, Mihalcea A, Kahn J, Messiah SE. Long-term physical, mental and social 
health effects of COVID-19 in the pediatric population: a scoping review. World J Pediatr. 
2022;18(3):149-59. Available from: https://doi.org/10.1007/s12519-022-00515-7  

26. Osmanov IM, Spiridonova E, Bobkova P, Gamirova A, Shikhaleva A, Andreeva M, et al. Risk factors 
for post-COVID-19 condition in previously hospitalised children using the ISARIC global follow-up 
protocol: a prospective cohort study. Eur Respir J. 2022;59(2). Available from: 
https://doi.org/10.1183/13993003.01341-2021  

27. Behnood SA, Shafran R, Bennett SD, Zhang AXD, O'Mahoney LL, Stephenson TJ, et al. Persistent 
symptoms following SARS-CoV-2 infection amongst children and young people: a meta-analysis of 
controlled and uncontrolled studies. J Infect. 2022;84(2):158-70. Available from: 
https://doi.org/10.1016/j.jinf.2021.11.011  

28. Berg SK, Dam Nielsen S, Nygaard U, Bundgaard H, Palm P, Rotvig C, et al. Long COVID symptoms 
in SARS-CoV-2-positive adolescents and matched controls (LongCOVIDKidsDK): a national, cross-
sectional study. Lancet Child Adolesc Health. 2022;6(4):240-8. Available from: 
https://doi.org/10.1016/s2352-4642(22)00004-9  

29. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem S. Long COVID symptoms and 
duration in SARS-CoV-2 positive children - a nationwide cohort study. Eur J Pediatr. 
2022;181(4):1597-607. Available from: https://doi.org/10.1007/s00431-021-04345-z  

30. Berard RA, Scuccimarri R, Haddad EM, Morin MP, Chan K, Dahdah NS, et al. Paediatric 
inflammatory multisystem syndrome temporally associated with COVID-19 [Internet]. Ottawa, 
ON: Canadian Pediatric Society; 2020 [modified 2021 May 3; cited 2022 Feb 10]. Available from: 
https://www.cps.ca/en/documents/position/pims 

31. Centers for Disease Control and Prevention (CDC). Information for healthcare providers about 
multisystem inflammatory syndrome in children (MIS-C) [Internet]. Atlanta, GA: Centers for 
Disease Control and Prevention; 2021 [modified 2021 May 20; cited 2022 Feb 10]. Available from: 
https://www.cdc.gov/mis/mis-
c/hcp/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fmis%2Fhcp%2Findex.html 

  

https://doi.org/10.1101/2021.12.23.21268298
https://doi.org/10.1101/2021.07.19.21260767
https://doi.org/10.1016/s2352-4642(22)00022-0
https://doi.org/10.1007/s12519-022-00515-7
https://doi.org/10.1183/13993003.01341-2021
https://doi.org/10.1016/j.jinf.2021.11.011
https://doi.org/10.1016/s2352-4642(22)00004-9
https://doi.org/10.1007/s00431-021-04345-z
https://www.cps.ca/en/documents/position/pims


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  17 

32. World Health Organization. Multisystem inflammatory syndrome in children and adolescents 
temporally related to COVID-19 [Internet]. Geneva: World Health Organization; 2020 [cited 2022 
Feb 10]. Available from: https://www.who.int/news-room/commentaries/detail/multisystem-
inflammatory-syndrome-in-children-and-adolescents-with-covid-19 

33. Aziz OA, Sadiq M, Qureshi AU, Hyder N, Kazmi U, Batool A, et al. Short to midterm follow-up of 
multi-system inflammatory syndrome in children with special reference to cardiac involvement. 
Cardiol Young. 2022:1-9. Available from: https://doi.org/10.1017/s1047951122000828  

34. Enner S, Shah YD, Ali A, Cerise JE, Esposito J, Rubin L, et al. Patients diagnosed with multisystem 
inflammatory syndrome in children have persistent neurologic, sleep, and psychiatric symptoms 
after hospitalization. J Child Neurol. 2022:37(5):426-33 . Available from: 
https://doi.org/10.1177/08830738221075924  

35. Farooqi KM, Chan A, Weller RJ, Mi J, Jiang P, Abrahams E, et al. Longitudinal outcomes for 
multisystem inflammatory syndrome in children. Pediatrics. 2021;148(2):e2021051155. Available 
from: https://doi.org/10.1542/peds.2021-051155  

36. Kahn R, Berg S, Berntson L, Berthold E, Brodin P, Bäckström F, et al. Population-based study of 
multisystem inflammatory syndrome associated with COVID-19 found that 36% of children had 
persistent symptoms. Acta Paediatr. 2022;111(2):354-62. Available from: 
https://doi.org/10.1111/apa.16191  

37. Webster G, Patel AB, Carr MR, Rigsby CK, Rychlik K, Rowley AH, et al. Cardiovascular magnetic 
resonance imaging in children after recovery from symptomatic COVID-19 or MIS-C: a prospective 
study. J Cardiovasc Magn Reson. 2021;23(1):86. Available from: https://doi.org/10.1186/s12968-
021-00786-5  

38. Belay ED, Abrams J, Oster ME, Giovanni J, Pierce T, Meng L, et al. Trends in geographic and 
temporal distribution of US children with multisystem inflammatory syndrome during the COVID-
19 pandemic. JAMA Pediatr. 2021;175(8):837-45. Available from: 
https://doi.org/10.1001/jamapediatrics.2021.0630  

39. Castagnola E, Mariani M, Sticchi C, Sticchi L, Spiazzi R, Caorsi R, et al. Incidence rate of MIS-C in 
paediatrics: a good reason to vaccinate children against SARS-CoV-2. Acta Paediatr. 
2022;111(1):123-4. Available from: https://doi.org/10.1111/apa.16081  

40. Dufort EM, Koumans EH, Chow EJ, Rosenthal EM, Muse A, Rowlands J, et al. Multisystem 
inflammatory syndrome in children in New York State. N Engl J Med. 2020;383(4):347-58. 
Available from: https://doi.org/10.1056/NEJMoa2021756  

41. Ergenc Z, Kepenekli E, Çetin E, Ersoy A, Korkmaz B, Selçik R, et al. Incidence of MIS-C and the 
comorbidity scores in pediatric COVID-19 cases. Pediatr Int. 2021 Dec 4 [Epub ahead of print]. 
Available from: https://doi.org/10.1111/ped.15084  

42. Koskela U, Helve O, Sarvikivi E, Helminen M, Nieminen T, Peltola V, et al. Multi-inflammatory 
syndrome and Kawasaki disease in children during the COVID-19 pandemic: a nationwide 
register-based study and time series analysis. Acta Paediatr. 2021;110(11):3063-8. Available from: 
https://doi.org/10.1111/apa.16051  

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://doi.org/10.1017/s1047951122000828
https://doi.org/10.1177/08830738221075924
https://doi.org/10.1542/peds.2021-051155
https://doi.org/10.1111/apa.16191
https://doi.org/10.1186/s12968-021-00786-5
https://doi.org/10.1186/s12968-021-00786-5
https://doi.org/10.1001/jamapediatrics.2021.0630
https://doi.org/10.1111/apa.16081
https://doi.org/10.1056/NEJMoa2021756
https://doi.org/10.1111/ped.15084
https://doi.org/10.1111/apa.16051


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  18 

43. Payne AB, Gilani Z, Godfred-Cato S, Belay ED, Feldstein LR, Patel MM, et al. Incidence of 
multisystem inflammatory syndrome in children among US persons infected with SARS-CoV-2. 
JAMA Netw Open. 2021;4(6):e2116420. Available from: 
https://doi.org/10.1001/jamanetworkopen.2021.16420  

44. Bowen A, Miller AD, Zambrano LD, Wu MJ, Oster ME, Godfred-Cato S, et al. Demographic and 
clinical factors associated with death among persons <21 years old with multisystem 
inflammatory syndrome in children-United States, February 2020-March 2021. Open Forum 
Infect Dis. 2021;8(8):ofab388. Available from: https://doi.org/10.1093/ofid/ofab388  

45. Harwood R, Yan H, Talawila Da Camara N, Smith C, Ward J, Tudur-Smith C, et al. Which children 
and young people are at higher risk of severe disease and death after hospitalisation with SARS-
CoV-2 infection in children and young people: a systematic review and individual patient meta-
analysis. EClinicalMedicine. 2022;44:101287. Available from: 
https://doi.org/10.1016/j.eclinm.2022.101287  

46. Cohen JM, Cartr MJ, Cheung CR, Ladhani S, Evelina PIMS-TS Study Group. Lower risk of 
multisystem inflammatory syndrome in children (MIS-C) with the Delta and Omicron variants of 
SARS-CoV-2. medRxiv 22272267 [Preprint]. 2022 Mar 31 [cited 2022 Apr 13]. Available from: 
https://doi.org/10.1101/2022.03.13.22272267  

47. Whittaker R, Greve-Isdahl M, Bøås H, Suren P, Buanes EA, Veneti L. Severe outcomes in 
unvaccinated COVID-19 cases <18 years during different variant waves in Norway. medRxiv 
22273093 [Preprint]. 2022 Mar 30 [cited 2022 Apr 13]. Available from: 
https://doi.org/10.1101/2022.03.29.22273093  

48. Stierman B, Abrams JY, Godfred-Cato SE, Oster ME, Meng L, Yip L, et al. Racial and ethnic 
disparities in multisystem inflammatory syndrome in children in the United States, March 2020 to 
February 2021. Pediatr Infect Dis J. 2021;40(11):e400-e6. Available from: 
https://doi.org/10.1097/inf.0000000000003294  

49. Feldstein LR, Tenforde MW, Friedman KG, Newhams M, Rose EB, Dapul H, et al. Characteristics 
and outcomes of US children and adolescents with multisystem inflammatory syndrome in 
children (MIS-C) compared with severe acute COVID-19. JAMA. 2021;325(11):1074-87. Available 
from: https://doi.org/10.1001/jama.2021.2091  

50. Lee EH, Kepler KL, Geevarughese A, Paneth-Pollak R, Dorsinville MS, Ngai S, et al. Race/ethnicity 
among children With COVID-19–associated multisystem inflammatory syndrome. JAMA Netw 
Open. 2020;3(11):e2030280-e. Available from: 
https://doi.org/10.1001/jamanetworkopen.2020.30280  

51. Goldman RD. Long COVID in children. Can Fam Physician. 2022;68(4):263-5. Available from: 
https://doi.org/10.46747/cfp.6804263  

52. Blomberg B, Mohn KG, Brokstad KA, Zhou F, Linchausen DW, Hansen BA, et al. Long COVID in a 
prospective cohort of home-isolated patients. Nat Med. 2021;27(9):1607-13. Available from: 
https://doi.org/10.1038/s41591-021-01433-3  

https://doi.org/10.1001/jamanetworkopen.2021.16420
https://doi.org/10.1093/ofid/ofab388
https://doi.org/10.1016/j.eclinm.2022.101287
https://doi.org/10.1101/2022.03.13.22272267
https://doi.org/10.1101/2022.03.29.22273093
https://doi.org/10.1097/inf.0000000000003294
https://doi.org/10.1001/jama.2021.2091
https://doi.org/10.1001/jamanetworkopen.2020.30280
https://doi.org/10.46747/cfp.6804263
https://doi.org/10.1038/s41591-021-01433-3


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  19 

53. Johnson SF, Tiako MJN, Flash MJE, Lamas DJ, Alba GA. Disparities in the recovery from critical 
illness due to COVID-19. Lancet Psychiatry. 2020;7(8):e54-e5. Available from: 
https://doi.org/10.1016/S2215-0366(20)30292-3  

54. Kraus R, Laxer R, Yeung R. Rare inflammatory syndrome another example of pandemic’s 
disproportionate effect on racialized children. Healthy Debate [Internet], 2021 Mar 30 [cited 2021 
Apr 09]; Opinion. Available from: https://healthydebate.ca/2021/03/topic/inflammatory-
racialized-kids/ 

55. Leung TYM, Chan AYL, Chan EW, Chan VKY, Chui CSL, Cowling BJ, et al. Short- and potential long-
term adverse health outcomes of COVID-19: a rapid review. Emerg. 2020;9(1):2190-9. Available 
from: https://doi.org/10.1080/22221751.2020.1825914  

56. Halpin SJ, McIvor C, Whyatt G, Adams A, Harvey O, McLean L, et al. Postdischarge symptoms and 
rehabilitation needs in survivors of COVID-19 infection: a cross-sectional evaluation. J Med Virol. 
2021;93(2):1013-22. Available from: https://doi.org/10.1002/jmv.26368  

57. Venturelli S, Benatti SV, Casati M, Binda F, Zuglian G, Imeri G, et al. Surviving COVID-19 in 
Bergamo province: a post-acute outpatient re-evaluation. Epidemiol Infect. 2021;149:e32. 
Available from: https://doi.org/10.1017/S0950268821000145  

58. Sun T, Guo L, Tian F, Dai T, Xing X, Zhao J, et al. Rehabilitation of patients with COVID-19. Expert 
Rev Respir Med. 2020;14(12):1249-56. Available from: 
https://doi.org/10.1080/17476348.2020.1811687  

59. Magnusson K, Skyrud KD, Suren P, Greve-Isdahl M, Størdal K, Kristoffersen DT, et al. Healthcare 
use in 700 000 children and adolescents for six months after covid-19: before and after register 
based cohort study. BMJ. 2022;376:e066809. Available from: https://doi.org/10.1136/bmj-2021-
066809  

60. Long COVID and kids: more research is urgently needed. Nature. 2022;602(7896):183. Available 
from: https://doi.org/10.1038/d41586-022-00334-w  

61. Brodin P, Casari G, Townsend L, O'Farrelly C, Tancevski I, Löffler-Ragg J, et al. Studying severe long 
COVID to understand post-infectious disorders beyond COVID-19. Nat Med. 2022. Available from: 
https://doi.org/10.1038/s41591-022-01766-7  

62. Kurup S, Burgess R, Tine F, Chahroudi A, Lee DL. SARS-CoV-2 infection and racial disparities in 
children: protective mechanisms and severe complications related to MIS-C. J Racial Ethn Health 
Disparities. 2021:1-7. Available from: https://doi.org/10.1007/s40615-021-01092-7  

63. Munblit D, Sigfrid L, Warner JO. Setting priorities to address research gaps in long-term COVID-19 
outcomes in children. JAMA Pediatr. 2021;175(11):1095-6. Available from: 
https://doi.org/10.1001/jamapediatrics.2021.2281  

64. Munblit D, Simpson F, Mabbitt J, Dunn-Galvin A, Semple C, Warner JO. Legacy of COVID-19 
infection in children: long-COVID will have a lifelong health/economic impact. Arch Dis Child. 
2022;107(3):e2. Available from: https://doi.org/10.1136/archdischild-2021-321882  

  

https://doi.org/10.1016/S2215-0366(20)30292-3
https://healthydebate.ca/2021/03/topic/inflammatory-racialized-kids/
https://healthydebate.ca/2021/03/topic/inflammatory-racialized-kids/
https://doi.org/10.1080/22221751.2020.1825914
https://doi.org/10.1002/jmv.26368
https://doi.org/10.1017/S0950268821000145
https://doi.org/10.1080/17476348.2020.1811687
https://doi.org/10.1136/bmj-2021-066809
https://doi.org/10.1136/bmj-2021-066809
https://doi.org/10.1038/d41586-022-00334-w
https://doi.org/10.1038/s41591-022-01766-7
https://doi.org/10.1007/s40615-021-01092-7
https://doi.org/10.1001/jamapediatrics.2021.2281
https://doi.org/10.1136/archdischild-2021-321882


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  20 

65. Barrett CE, Koyama AK, Alvarez P, Chow W, Lundeen EA, Perrine CG, et al. Risk for newly 
diagnosed diabetes >30 days after SARS-CoV-2 infection among persons aged <18 years - United 
States, March 1, 2020-June 28, 2021. MMWR Morb Mortal Wkly Rep. 2022;71(2):59-65. Available 
from: https://doi.org/10.15585/mmwr.mm7102e2  

66. Kildegaard H, Lund LC, Højlund M, Stensballe LG, Pottegård A. Risk of adverse events after covid-
19 in Danish children and adolescents and effectiveness of BNT162b2 in adolescents: cohort 
study. BMJ. 2022;377:e068898. Available from: https://doi.org/10.1136/bmj-2021-068898  

67. Molteni E, Sudre CH, Canas LS, Bhopal SS, Hughes RC, Antonelli M, et al. Illness duration and 
symptom profile in symptomatic UK school-aged children tested for SARS-CoV-2. Lancet Child 
Adolesc Health. 2021;5(10):708-18. Available from: https://doi.org/10.1016/s2352-
4642(21)00198-x  

68. Ahmed M, Advani S, Moreira A, Zoretic S, Martinez J, Chorath K, et al. Multisystem inflammatory 
syndrome in children: a systematic review. EClinicalMedicine. 2020;26:100527. Available from: 
https://doi.org/10.1016/j.eclinm.2020.100527  

69. Aronoff SC, Hall A, Del Vecchio MT. The natural history of severe acute respiratory syndrome 
coronavirus 2-related multisystem inflammatory syndrome in children: a systematic review. J 
Pediatric Infect Dis Soc. 2020;9(6):746-51. Available from: https://doi.org/10.1093/jpids/piaa112  

70. Baradaran A, Malek A, Moazzen N, Abbasi Shaye Z. COVID-19 associated multisystem 
inflammatory syndrome: a systematic review and meta-analysis. Iran J Allergy Asthma Immunol. 
2020;19(6):570-88. Available from: https://doi.org/10.18502/ijaai.v19i6.4927  

71. Dhar D, Dey T, Samim MM, Padmanabha H, Chatterjee A, Naznin P, et al. Systemic inflammatory 
syndrome in COVID-19-SISCoV study: systematic review and meta-analysis. Pediatr Res. 2021:1-
16. Available from: https://doi.org/10.1038/s41390-021-01545-z  

72. Haghighi Aski B, Manafi Anari A, Abolhasan Choobdar F, Zareh Mahmoudabadi R, Sakhaie M. 
Cardiac abnormalities due to multisystem inflammatory syndrome temporally associated with 
Covid-19 among children: a systematic review and meta-analysis. Int J Cardiol Heart Vasc. 
2021;33:100764. Available from: https://doi.org/10.1016/j.ijcha.2021.100764  

73. Henrina J, Putra ICS, Lawrensia S, Marta DS, Wijaya E, Saboe A, et al. Cardiac manifestations, 
treatment characteristics, and outcomes of paediatric inflammatory multisystem syndrome 
temporally associated with severe acute respiratory syndrome coronavirus-2: a systematic 
review. Prog Pediatr Cardiol. 2021;63:101365. Available from: 
https://doi.org/10.1016/j.ppedcard.2021.101365  

74. Hoste L, Van Paemel R. Multisystem inflammatory syndrome in children related to COVID-19: a 
systematic review. Eur J Pediatr. 2021;180(7):2019-34. Available from: 
https://doi.org/10.1007/s00431-021-03993-5  

75. Kaushik A, Gupta S, Sood M, Sharma S, Verma S. A systematic review of multisystem 
inflammatory syndrome in children associated with SARS-CoV-2 infection. Pediatr Infect Dis J. 
2020;39(11):e340-e6. Available from: https://doi.org/10.1097/inf.0000000000002888  

  

https://doi.org/10.15585/mmwr.mm7102e2
https://doi.org/10.1136/bmj-2021-068898
https://doi.org/10.1016/s2352-4642(21)00198-x
https://doi.org/10.1016/s2352-4642(21)00198-x
https://doi.org/10.1016/j.eclinm.2020.100527
https://doi.org/10.1093/jpids/piaa112
https://doi.org/10.18502/ijaai.v19i6.4927
https://doi.org/10.1038/s41390-021-01545-z
https://doi.org/10.1016/j.ijcha.2021.100764
https://doi.org/10.1016/j.ppedcard.2021.101365
https://doi.org/10.1007/s00431-021-03993-5
https://doi.org/10.1097/inf.0000000000002888


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  21 

76. Kornitzer J, Johnson J, Yang M, Pecor KW, Cohen N, Jiang C, et al. A systematic review of 
characteristics associated with COVID-19 in children with typical presentation and with 
multisystem inflammatory syndrome. Int J Environ Res Public Health. 2021;18(16). Available from: 
https://doi.org/10.3390/ijerph18168269  

77. Lo TC, Chen YY. Ocular and systemic manifestations in paediatric multisystem inflammatory 
syndrome associated with COVID-19. J Clin Med. 2021;10(13). Available from: 
https://doi.org/10.3390/jcm10132953  

78. Nepal G, Shrestha GS, Rehrig JH, Gajurel BP, Ojha R, Agrawal A, et al. Neurological manifestations 
of COVID-19 associated multi-system inflammatory syndrome in children: a systematic review 
and meta-analysis. J Nepal Health Res Counc. 2021;19(1):10-8. Available from: 
https://doi.org/10.33314/jnhrc.v19i1.3410  

79. Radia T, Williams N, Agrawal P, Harman K, Weale J, Cook J, et al. Multi-system inflammatory 
syndrome in children & adolescents (MIS-C): a systematic review of clinical features and 
presentation. Paediatr Respir Rev. 2021;38:51-7. Available from: 
https://doi.org/10.1016/j.prrv.2020.08.001  

80. Rodriguez-Gonzalez M, Castellano-Martinez A, Cascales-Poyatos HM, Perez-Reviriego AA. 
Cardiovascular impact of COVID-19 with a focus on children: a systematic review. World J. 
2020;8(21):5250-83. Available from: https://doi.org/10.12998/wjcc.v8.i21.5250  

81. Santos MO, Gonçalves LC, Silva PAN, Moreira ALE, Ito CRM, Peixoto FAO, et al. Multisystem 
inflammatory syndrome (MIS-C): a systematic review and meta-analysis of clinical characteristics, 
treatment, and outcomes. J Pediatr. 2021 Dec 3 [Epub ahead of print]. Available from: 
https://doi.org/10.1016/j.jped.2021.08.006  

82. Sharma D, Bhaskar SMM. Prevalence of paediatric hyperinflammatory conditions in paediatric 
and adolescent hospitalized COVID-19 patients: a systematic review and meta-analysis. APMIS. 
2022;130(2):101-10. Available from: https://doi.org/10.1111/apm.13199  

83. Sood M, Sharma S, Sood I, Sharma K, Kaushik A. Emerging evidence on multisystem inflammatory 
syndrome in children associated with SARS-CoV-2 infection: a systematic review with meta-
analysis. SN Compr Clin Med. 2021:1-10. Available from: https://doi.org/10.1007/s42399-020-
00690-6  

84. Williams V, Dash N, Suthar R, Mohandoss V, Jaiswal N, Kavitha TK, et al. Clinicolaboratory profile, 
treatment, intensive care needs, and outcome of pediatric inflammatory multisystem syndrome 
temporally associated with SARS-CoV-2: a systematic review and meta-analysis. J Pediatr 
Intensive Care. 2022;11(1):1-12. Available from: https://doi.org/10.1055/s-0040-1719173  

85. Yasuhara J, Watanabe K, Takagi H, Sumitomo N, Kuno T. COVID-19 and multisystem inflammatory 
syndrome in children: a systematic review and meta-analysis. Pediatr Pulmonol. 2021;56(5):837-
48. Available from: https://doi.org/10.1002/ppul.25245  

86. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell AP, et al. Factors linked to 
severe outcomes in multisystem inflammatory syndrome in children (MIS-C) in the USA: a 
retrospective surveillance study. Lancet Child Adolesc Health. 2021;5(5):323-31. Available from: 
https://doi.org/10.1016/s2352-4642(21)00050-x  

https://doi.org/10.3390/ijerph18168269
https://doi.org/10.3390/jcm10132953
https://doi.org/10.33314/jnhrc.v19i1.3410
https://doi.org/10.1016/j.prrv.2020.08.001
https://doi.org/10.12998/wjcc.v8.i21.5250
https://doi.org/10.1016/j.jped.2021.08.006
https://doi.org/10.1111/apm.13199
https://doi.org/10.1007/s42399-020-00690-6
https://doi.org/10.1007/s42399-020-00690-6
https://doi.org/10.1055/s-0040-1719173
https://doi.org/10.1002/ppul.25245
https://doi.org/10.1016/s2352-4642(21)00050-x


Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – 
What We Know So Far  22 

87. Miller AD, Zambrano LD, Yousaf AR, Abrams JY, Meng L, Wu MJ, et al. Multisystem inflammatory 
syndrome in children-United States, February 2020-July 2021. Clin Infect Dis. 2021 Dec 5 [Epub 
ahead of print]. Available from: https://doi.org/10.1093/cid/ciab1007  

88. Abrams JY, Godfred-Cato SE, Oster ME, Chow EJ, Koumans EH, Bryant B, et al. Multisystem 
inflammatory syndrome in children (MIS-C) associated with SARS-CoV-2: a systematic review. J 
Perinatol. 2020;226:45-54.e1. Available from: https://doi.org/10.1016/j.jpeds.2020.08.003  

89. DeBiasi RL, Harahsheh AS, Srinivasalu H, Krishnan A, Sharron MP, Parikh K, et al. Multisystem 
inflammatory syndrome of children: subphenotypes, risk factors, biomarkers, cytokine profiles, 
and viral sequencing. J Pediatr. 2021;237:125-35.e18. Available from: 
https://doi.org/10.1016/j.jpeds.2021.06.002  

90. 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. 
Available from: https://doi.org/10.1056/NEJMoa2021680  

91. Middelburg JG, Crijnen TEM, D'Antiga L, Verdoni L, Chikermane A, Garg P, et al. Association of 
ethnicity with multisystem inflammatory syndrome in children related to SARS-CoV-2 infection: 
an international case-referent study. Front Pediatr. 2021;9:707650. Available from: 
https://doi.org/10.3389/fped.2021.707650  

 

https://doi.org/10.1093/cid/ciab1007
https://doi.org/10.1016/j.jpeds.2020.08.003
https://doi.org/10.1016/j.jpeds.2021.06.002
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.3389/fped.2021.707650


 

Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – What We Know So Far  23 

Appendix A. Summary Demographics and PACS Sequelae in Patients Recovering 

from COVID-19 

Table A1. Study population and characteristics of children with sequelae consistent with PACS from included systematic reviews 
(n=4) (bold) and primary studies (n=12) 

First author Country 

Study period 

(date of last 

search for 

reviews) 

Acute 

illness 

setting 

Mean % 

sequelae 

consistent with 

PACS (Controls)  

Sample 

size (N)* 

Mean % 

female 

patients** 

Mean 

patient age 

(years)** 

Mean % 

white 

patients** 

Min 

follow-

up (days)  

Included 

control 

group 

Behnood27 NA July 31, 2021 Mixed NA (NA) 23,141 NA NA NA 30 Yes 

Borel25 NA Sept 1, 2021 Mixed NA (NA) 11,951 NA NA NA NA No 

Hirt17 

(preprint) 
NA Jan 22, 2021 Mixed 13 (NA) 81,896 NA NA NA 60 Yes 

Lopez-Leon16 

(preprint) 
NA Feb 10, 2021 Mixed 25.2 (NA) 80,071 NA NA NA 30 Yes 

Barrett65 US 
Mar 2020 to 

June 2021 
Mixed NA (NA) 

80,893/ 

439,439 
50.1/50.1 12.3/12.7 NA 30  Yes 

Berg28 Denmark 
July to Sept 

2021 
Mixed 61.9 (57.0) 34,900 58.4 17.7 NA 90 Yes 

Borch29  Denmark 
Jan 2020 to 

Mar 2021 
Mixed 25.4 (22.9) 30,117 NA 2.7/12.0 NA 90 Yes 

Castro20 

(preprint) 
US 

Mar 2020 to 

Apr 2021 
Mixed 7.2 (9.6) 5,058 49.8 12.4 62.6 90 Yes 

Dumont22 

(preprint) 
Switzerland 

June to July 

2021 
Mixed 2.4 (3.3) 660 46.9 10.2 NA 21 Yes 

Kildegaard66 Denmark 
Feb 2020 to 

Oct 2021 
Mixed 0.12 (0.0053) 656,938 48.9 11 NA 30 Yes 

Miller21 

(preprint) 

England and 

Wales 

June 2020 to 

Feb 2021 
Outpatient 4.6 (1.7) 4,678 48.7 NA NA 90  Yes 

Molteni67 UK 
Sept 2020 to 

Jan 2021 
Outpatient 1.8 (NA) 3,468 50.2 13 NA 60 Yes 
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First author Country 

Study period 

(date of last 

search for 

reviews) 

Acute 

illness 

setting 

Mean % 

sequelae 

consistent with 

PACS (Controls)  

Sample 

size (N)* 

Mean % 

female 

patients** 

Mean 

patient age 

(years)** 

Mean % 

white 

patients** 

Min 

follow-

up (days)  

Included 

control 

group 

Nugawela19 

(preprint) 
England 

Jan to Mar 

2021 
Mixed 39.6 (30.6) 7,096 62.9 NA 73.0 90 Yes 

Osmanov 26 Russia 
Jan to Aug, 

2020 
Inpatient 25.3 (NA) 518 52.1 10.4 NA 210  No 

Roessler18 

(preprint) 
Germany 

Jan 2020 to 

Feb 2021 
Mixed NA (NA) 11,950 48.1 NA NA 90  Yes 

Stephenson24 UK 
Jan to Mar, 

2021 
Mixed 66.5 (53.3) 6,804 63.5 NA 72.8 90 Yes 

Abbreviations: NA, not applicable. *Total patients includes controls. **Data presented in reference to case patients only.  

Table A2. Pooled mean/median prevalence (%) of comorbidities or pre-existing conditions in children with sequelae consistent 
with PACS (primary studies, n=8). Values in brackets are for controls. 

First author Any comorbidity or pre-existing condition BMI ≥25 Allergies Neurological and mental health Asthma Eczema 

Borch29 5.0 (5.0) NA (NA) NA (NA) NA (NA) NA (NA) NA (NA) 

Berg28 NA (NA) 15.7 (16.1) 21.8 (22.9) 8.0 (9.5) 9.5 (7.4) 0.8 (6.2) 

Castro 20 (preprint) 20.2 (14.4) NA (NA) NA (NA) NA (NA) NA (NA) NA (NA) 

Kildegaard66 23.2 (22.1) NA (NA NA (NA) 6.9 (6.1) 5.5 (5.4) NA (NA) 

Miller21 (preprint) 4.4 (NA) NA (NA) NA (NA) NA (NA) 8.2 (NA) NA (NA) 

Osmanov 26 44.7 (NA) 4.9 (NA) 13 (NA) 8.8 (NA) 2.3 (NA) 8.8 (NA) 

Roessler18 (preprint) NA (NA) 0.1 (0.1) NA (NA) NA (NA) 1.1 (1.0) NA (NA) 

Stephenson24 NA (NA) NA (NA) NA (NA) 9.1 (9.7) NA (NA) NA (NA) 

Abbreviations: NA, not applicable  
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Table A3: Pooled mean/median prevalence (%) of neurological, mental health, respiratory and cardiovascular sequelae consistent 
with PACS (systematic reviews, n=2 [bold]; primary studies, n=6). Values in brackets are for controls. 

First Author Smell Dysfunction Cognitive impairment Headache Sleep impairment Dyspnea Cough Chest pain  

Behnood27 13.7 (1.5) 11.0 (17.9) 20.1 (23.2) 19.5 (30.4) 20.8 (9.1) 4.0 (2.3) NA (NA) 

Lopez-Leon16 (preprint) 5.6 (NA) 6.3(NA) 7.8 (NA) 8.4 (NA) 7.6 (NA) 3.8 (NA) 4.6 (NA) 

Berg28 NA (NA) 8.3 (8.1) 6.2 (5.9) NA (NA) 2.1 (1.1) NA (NA) 0.0 (0.9) 

Borch29 10.3 (0.1) 6.1 (9.2) 6.9 (6.0) NA (NA) 4.1 (1.2) 2.7 (6.7) 1.4 (0.4) 

Castro20 (preprint) 0.5 (0.3) 2.3 (2.5) 2.4 (3.1) 0.6 (1.5) NA (NA) NA (NA) NA (NA) 

Dumont22 (preprint) 4.8 (0.0) 1.9 (0.9) 11.1 (2.9) 1.0 (1.3) 1.0 (0.2) 5.3 (4.2) NA (NA) 

Osmanov26 4.7 (NA) 0.4 (NA) 3.5 (NA) 5.2 (NA) 1.4 (NA) 1 (NA) 0.6 (NA) 

StephensonB24 13.5 (1.4) 6.5 (3.3) 23.2 (14.2) NA (NA) 23.4 (10.4) 3.2 (2.6) 7.0 (3.5) 

Abbreviations: NA, not applicable 

Table A4. Pooled mean/median prevalence (%) of other-organ-system sequelae consistent with PACS (systematic reviews, n=2 
[bold]; primary studies, n=6). Values in brackets are for controls. 

Author Abdominal pain Fatigue Joint pain Muscle pain Decreased appetite or weight loss Diarrhea/ vomiting/ nausea Dizziness 

Behnood27 6.2 (10.0) 36.0 (26.2) NA (NA) 6.8 (10.4) NA (NA) 3.0 (2.1) 12.7 (7.8) 

Lopez-Leon16 (preprint) 2.9 (NA) 9.7 (NA) 3.8 (NA) 3.8 (NA) 6.1 (NA) 1.7 (NA) 4.4 (NA) 

Berg28 0.0 (1.7) 7.9 (10.3) 2.1 (1.9) 2.1 (1.9) 3.7 (2.9) NA (NA) 2.1 (3.6) 

Borch29 NA (NA) 10.6 (4.3) 1.5 (1.8) 2.2 (2.3) NA (NA) 1.6 (2.3) 3.4 (1.2) 

Castro20 (preprint) NA (NA) 1.1 (1.6) NA (NA) NA (NA) NA (NA) NA (NA) NA (NA) 

Dumont22 (preprint) 2.9 (2.2) 11.5 (6.2) 1.4 (0.4) 4.8 (1.5) 3.4 (2.4) 2.9 (1.1) 0.5 (0.0) 

Osmanov26 2 (NA) 10.7 (NA) 1.2 (NA) 0.8 (NA) 2.4 (NA) 2.0 (NA) 1.0 (NA) 

StephensonB24 3.9 (2.9) 39.0 (24.4) NA (NA) 5.4 (2.2) 9.7 (7.4) 3.0 (2.1) 13.7 (8.4) 

Abbreviations: NA, not applicable  
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Appendix B. Summary demographics and clinical manifestations of patients 

with MIS-C 

Table A5. Study population and characteristics of children with MIS-C from included systematic reviews (n=18) (bold) and primary 
studies (n=5) 

Author 
Last search/end of 

study period 

Number 

included 

studies  

Sample 

size 

Mean/median 

male % 

Mean/ 

median age 

Evidence of SARS-

CoV-2 exposure (%) 

One 

comorbidity 

(%) 

Obesity 

(%) 

Chronic lung 

disease (%) 

Ahmed68 Jul 2020 39 662 52.3 9.3 84.7 48.0 50.8 26.5 

Aronoff69 Jul 2020 16 505 NA 9 85.3 NA NA NA 

Baradaran70 Jul 2020 16 600 53.7  NA At least 77.3 NA 28.2 13.1 

Dhar71 Jul 2020 25 833 56.7 8.9 At least 65.8 NA 28.6 14.9 

Haghighi Aski72 Oct 2020 21 916 NA 9 At least 37.8 NA NA NA 

Henrina73 Oct 2020 26 1,228 53.5 8.6  At least 81.2 31.7 17.0 NA 

Hoste74 Aug 2020 68 953 58.9 8.4  At least 71.4 NA 25.3 4.1 

Kaushik75 Jul 2020 16 655 55 8 At least 54% 23.3 56.9 25.5 

Kornitzer76 Mar 2021 54 543 59.7 NA NA NA NA NA 

Lo77 Mar 2021 32 1,458 56.4 NA At least 82.2 NA NA NA 

Nepal78 Feb 2021 15 785 NA NA NA NA NA NA 

Radia79 Jun 2020 35 783 55 8.6  59% 20 7.7 NA 

Rodriguez-

Gonzalez80 
Jul 2020 16 688 56.8  9 NA 25.6 NA NA 

Santos81 Jul 2021 98 2,275 56.8 8.9  At least 84% 33.0 NA NA 

Sharma82 Jun 2021 14 780 57.9 9.1  NA NA 30.8 13.3 

Sood83 Oct 2020 17 992 62.6 7.5 At least 48% NA NA NA 

Williams84 Jul 2020 18 833 57 9 85 29 NA NA 

Yasuhara85 Aug 2020 27 917 56.8  9.3  NA 30.7 18.0  14.4  

Abrams86  (US) Jun 2020 NA 1,080 56 8 100 NA 26 NA 
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Author 
Last search/end of 

study period 

Number 

included 

studies  

Sample 

size 

Mean/median 

male % 

Mean/ 

median age 

Evidence of SARS-

CoV-2 exposure (%) 

One 

comorbidity 

(%) 

Obesity 

(%) 

Chronic lung 

disease (%) 

Belay38 (US) Jan 2021 NA 1,733 57.6 9 At least 84.2 NA NA NA 

Bowen44 (US) Mar 2021 NA 2,818 59.0 NA 100 38.5 28.4 9.2 

Miller87 (US) Jul 2021 NA 4,470 59.9 9 97.7 37.8 25.1 9.6 

Abbreviations: NA, not applicable 

Table A6. Mean/median pooled prevalence (%) of ethnic and racial demographics of children with MIS-C from included systematic 
reviews (n=9) (bold) and primary studies (n=4) 

Author Black White  Asian  Hispanic  Other and mixed races 

Ahmed68 34.8 27.6 8.1 19.3 10.2 

Baradaran70 31  23  10  34  NR 

Dhar71 34.2 21.5 16.6 34.8 NR 

Henrina73 31.1 16.3 6.0 22.1 24.5 

Hoste74 37.0 29.2 8.7 29.2 22.3 

Santos81 32 19 5 33 24.5 

Sharma82 34.1 13.5 13.8 NR NR 

Williams84 35 27 10 NA 14 

Yasuhara85 31.5  18.9  18.7  34.6  19.0  

Abrams88  36 14 NA 41 9 

Belay38  33.9 20.2 1.3 37.4 NA 

Bowen44  28.8 27.7 2.3 37.0 4.2 

Miller87 31.1 28.9 2.4 30.6 7.0 

Abbreviations: NA, not applicable  
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Table A7. Mean/median pooled prevalence (%) of organ system involvement in children with MIS-C from included systematic 
reviews (n=14) 

Author Gastrointestinal Cardiovascular Respiratory Neurological 

Aronoff69 79.1 NA 42.9 NA 

Baradaran70 80.3 NA 38.8 33 .0 

Dhar71 84.3 NA NA 22.9 

Haghighi Aski72 NA 38.0 21.0 NA 

Hoste74 85.6 79.3 50.3 NA 

Kaushik75 70 51 NA 22 

Lo77 76.7 NA NA 36.8 

Nepal78 NA NA NA 27.1 

Radia79 71 82 9.6 NA 

Santos81 82 66 39 28 

Sharma82 89.2 NA NA 40.8 

Sood83 59.3  53.3  46.3  19.1  

Williams84 86 NA 43 32 

Yasuhara85 87.3  55.3  40.7  36.0  

Abbreviations: NA, not applicable  
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Table A8. Mean pooled prevalence (%) of signs and symptoms in children with MIS-C from included systematic reviews (n=14) 
(bold) and primary studies (n=4) 

Author Rash 
Swollen cervical 

lymph nodes 
Conjunctivitis 

Abdominal 

pain 
Diarrhea Vomiting Dyspnea Cough 

Sore 

throat 
Headache 

Muscle 

pain 

Swollen 

extremities 

Oral cavity 

changes 

Ahmed68 56.2 13.9 51.8 NA NA 68.3 18.3 13.0 8.9 19.5 13.4 19.3 4.7 

Aronoff69 60.2 30.3 52.2 NA NA NA NA 41.7 14.3 NA NA 29.6 43.5 

Baradaran70 59.9 23.6 NA NA NA NA NA NA NA NA 23.1 26.1 NA 

Hoste74 54.9 NA 49.8 58.4 50.4 57.5 26.7 NA NA NA NA NA NA 

Kaushik75 58 4 40 NA NA NA NA NA NA NA NA 13 23 

Kornitzer76 19.2 NA NA NA 53.2 57.3 11.2 13.6 3.1 13.8 9.8 NA NA 

Lo77 57.1 NA 48.4 NA NA NA NA NA NA NA NA NA NA 

Nepal78 NA NA NA NA NA NA NA NA NA 27 NA NA NA 

Radia79 42 NA NA 36 27 25 NA 4.5 4 NA NA NA NA 

Santos81 59 NA 54 68 58 66 29 41 20 28 NA 59 NA 

Sharma82 64.4 NA 62.5 81.1 37.8 75.7 NA NA NA NA NA NA NA 

Sood83 68.3  NA 54.9  NA NA NA NA NA NA NA NA NA NA 

Williams84 58 24 52 NA NA NA NA NA NA NA NA 39 42 

Yasuhara85 59.0  25.2 57.0  70.1  57.0  60.0  37.6  35.2  18.5  NA 14.2 32.9 42.3 

Abrams86 54 NA 49 64 53 63 27 30 NA NA NA NA 29 

Belay38 55.6 NA 53.6 66.5 53.7 64.3 27.4 28.3 NA NA NA NA NA 

Bowen44 55.7 NA 55.8 NA NA NA NA 29.0 NA NA NA NA NA 

Miller87 55.2 11.3 55.4 68.5 53.8 66.6 28.0 29.4 NA 44.8 29.8 NA 22.6 

Abbreviations: NA, not applicable 
  



Pediatric Post-acute COVID-19 and Multisystem Inflammatory Syndrome in Children (MIS-C) – What We Know So Far  30 

Table A9. Mean pooled prevalence (%) of clinical findings in children with MIS-C from included systematic reviews (n=17) (bold) 
and primary studies (n=4) 

Author Fever 
Pericardial 

effusion 

Coronary artery dilation 

abnormalities 

Hemodynamic shock or 

hypotension 
Myocarditis 

Acute kidney 

injury 

Decreased left ventricular 

ejection fraction 

Ahmed68 100 NA 8.1 NA NA 16.3 45.1 

Aronoff69 100 NA NA NA NA 11.9 51 

Baradaran70 97.3 49.1  19.9  55.2 56.9  31.1 65.3 

Dhar71 NA 31.0 17.2 NA 61.8 22.7 45.0 

Haghighi Aski72 NA NA 20.0 NA 59 NA 38.0  

Henrina73 NA 14.0 8.1 50.6 15.5 NA 59.0 

Hoste74 99.4 22.3 11.6 59.9 41.4 NA 40.4 

Kaushik75 NA NA 23.4 28 23 NA 32 

Kornitzer76 97.6 NA NA 21.4 NA NA NA 

Lo77 96.4 NA NA 61.5 NA NA NA 

Radia79 100 NA NA 61 NA NA NA 

Rodriguez-

Gonzalez80 
NA NA 15.0  53.2 NA NA NA 

Santos81 100 NA NA 60  NA NA NA 

Sharma82 100 NA NA 59.8 NA NA NA 

Sood83 91.4  18.7  23.1  49.0  39.3  NA 41 

Williams84 96 35 16 65 65 35 61 

Yasuhara85 99.3  31.7  21.4 65.8  55.3  NA 53.8  

Abrams86 NA NA 17 36 18 NA NA 

Belay38 NA 23.4 16.5 50.8 17.3 NA NA 

Bowen44 NA NA 15.8 45.0 15.0 19.0 NA 

Miller87 100 22.1 16.7 51.7 14.6 19.0 25.7 

Abbreviations: NA, not applicable 
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Table A10. Mean/median pooled prevalence (%) of disease severity measures in children with MIS-C from included systematic 
reviews (n=15) (bold) and primary studies (n=4) 

Author Intensive care unit admission Invasive mechanical ventilation Death 

Ahmed68 71.0 22.2 1.7 

Aronoff69 NA 26.1 1.4 

Baradaran70 76  32.0 NA 

Dhar71 NA 27.8 1.6 

Henrina73 75.5 27.3 2.0 

Hoste74 73.3 NA 1.9 

Kaushik75 NA NA 1.7 

Kornitzer76 67.2 NA NA 

Radia79 68 18 1.5 

Rodriguez-Gonzalez80 75.6  22.0  1.8  

Santos81 76 50 1 

Sharma82 71.5 49.2 2.8 

Sood83 67.8 30.1  2.2 

Williams84 76 25 2 

Yasuhara85 79.1  33.0  1.9  

Abrams86 60 NA 2 

Belay38 58.2 NA 1.4 

Bowen44 57.8 9.3 1.2 

Miller87 NA 9.4 NA 

Abbreviations: NA, not applicable 
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Table A11. Studies reporting on significant risk factors contributing to development of MIS-C in children from included systematic 
review (n=1) (bold) and primary studies (n=9)  

Author Country Sample size Significant risk factors for developing MIS-C 

Dhar71 Multiple 833 Male sex 

Abrams86 US 1,080 Black, 6–12 years 

DeBiasi89 US 63 Black 

Feldstein49  US 539 Black, 6–12 years 

Feldstein90  US 186 Black, 6–12 years 

Lee50 US 223 Black, Hispanic 

Martin23 (preprint) US 498 Black, male sex, ≤12 years 

Middleburg91 Multiple 73 Black, Asian 

Payne43 US 248 Black, Hispanic, Asian, 6–10 years 

Stierman48 US 1,382 Black 



 

Citation 
Ontario Agency for Health Protection and Promotion (Public Health Ontario). Pediatric post-acute 
COVID-19 syndrome (PACS) and multisystem inflammatory syndrome in children (MIS-C) – what we 
know so far. Toronto, ON: Queen’s Printer for Ontario; 2022. 

Disclaimer 
This document was developed by Public Health Ontario (PHO). PHO provides scientific and technical 
advice to Ontario’s government, public health organizations and health care providers. PHO’s work is 
guided by the current best available evidence at the time of publication. The application and use of this 
document is the responsibility of the user. PHO assumes no liability resulting from any such application 
or use. This document may be reproduced without permission for non-commercial purposes only and 
provided that appropriate credit is given to PHO. No changes and/or modifications may be made to this 
document without express written permission from PHO. 

Public Health Ontario  
Public Health Ontario is an agency of the Government of Ontario dedicated to protecting and promoting 
the health of all Ontarians and reducing inequities in health. Public Health Ontario links public health 
practitioners, front-line health workers and researchers to the best scientific intelligence and knowledge 
from around the world.  

For more information about PHO, visit publichealthontario.ca. 

©Queen’s Printer for Ontario, 2022  

https://www.publichealthontario.ca/

	Pediatric Post-acute COVID-19 Syndrome (PACS) and Multisystem Inflammatory Syndrome in Children (MIS-C) – What We Know So Far
	Introduction
	Key Findings
	Background
	Methods
	Screening Results
	PACS in the Pediatric Population
	Patient Characteristics and Prevalence of PACS
	Specific PACS Symptoms and Sequelae
	Impact of PACS on Quality of Life (QoL) in Children
	Risk Factors Associated with PACS in Children

	Multisystem Inflammatory Syndrome in Children (MIS-C)
	Patient Characteristics and Incidence of MIS-C
	Clinical Manifestations
	Risk Factors Associated with Developing MIS-C

	Limitations
	Conclusions and Public Health Implications
	References
	Appendix A. Summary Demographics and PACS Sequelae in Patients Recovering from COVID-19
	Appendix B. Summary demographics and clinical manifestations of patients with MIS-C
	Citation
	Disclaimer
	Public Health Ontario




