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With over 500 million confirmed cases and 6.2 million deaths worldwide, the novel coronavirus has highlighted the underlying disparities in healthcare, unpreparedness to deal with a new disease and the need for monitoring and surveillance for a post-infectious syndrome as well as complicated diseases. Initially, children were thought to be spared but reports of a new phenomenon manifesting as Kawasaki-like disease, toxic shock syndrome, and multi-system inflammatory syndrome, which developed after a few weeks of severe COVID-19 infection, emerged in the pediatric population. As the pandemic progressed, increased prevalence of multi-system inflammatory syndrome in children (MIS-C) related to COVID-19 was seen in non-Hispanic blacks, Asians, and Latinos as compared to the white population drawing attention to a possible role of ethnicity and socio-economic disparities. The CDC currently reports that 31% of MIS-C cases were seen in Black Non-Hispanics and 26% in Latinos, who were historically more affected in previous pandemics. Furthermore, MIS-C cases in developing countries showed higher mortality as compared to high-income countries, which points toward the role of social determinants of health and limitations in a low-resource set up in increasing the disease burden of MIS-C, which should be treated as a public health emergency. Our review highlights the role of ethnicity, socio-economic factors, comorbidities, and differences in populations affected by MIS-C in high-income vs. low- and middle-income countries.
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Introduction

What started as a mere flu in December 2020, the Coronavirus (COVID-19) pandemic caused by the SARS-CoV-2 virus resulted in over 6.2 million deaths from nearly 500 million confirmed cases (1). Early reports showed that children were mostly spared from severe forms of illnesses associated with COVID-19, with only 2% of cases diagnosed in the pediatric population up till February 2020 (2). Epidemiological studies further suggested that compared with adult patients' the clinical manifestations of COVID-19 in children were mostly mild and showed minimum mortality (3). However, this judgment was revised in April 2020 when several countries in Europe and North America reported cases of young patients with “Multi-System Inflammatory Syndrome in Children (MIS-C)” associated with SARS-CoV-2 also known as Kawasaki-like syndrome and toxic shock syndrome (4). Reports of clusters of children and adolescents affected by MIS-C admitted to ICU or requiring mechanical ventilation emerged from the UK, Italy, and New York, followed by other parts of the US (5, 6). It was further found that Black and Hispanic children formed an overwhelming majority (66%) of those who developed the life-threatening MIS-C (7).

Although rare, this condition needs extensive surveillance in areas with a high burden of COVID-19, which have shown consistent patterns of racial/ethnic differences (8, 9). The exact role of race and ethnicity on clinical outcomes of COVID-19 is unknown, but given the general consensus, there is a greater need to examine the factors behind disproportionate levels of adverse clinical outcomes (10). Particularly in pediatric populations where reports of severe disease have been limited owing to incomplete public health data worldwide (11). The current studies lack data on race and ethnicity-specific presentations of the syndrome, the mechanism of genetic predisposition to MIS-C, and further research into its' worldwide distribution, given that it should be treated as a public health emergency that requires intensive care and surveillance. Literature regarding disparities in COVID-19 has largely addressed the adult population while the extent of racial and ethnic disparities in children is relatively unknown. While MIS-C initially emerged in the US and Europe, soon after cases were reported in the developing countries which was a source of immediate concern and attention for communities worldwide. It is also imperative to understand the variation in clinical features and severity of this disease in affected countries and to assess the potential role played by social determinants of health. Given the scarcity of data in the current literature, in this review we compare the distribution of MIS-C in High-Income Countries (HICs) and Low-Income Countries (LMICs) and explore the role of social and living conditions, comorbidities, and ethnicity in the development of MIS-C as well as the extent of severe forms of the disease in certain populations.


Case definition

Variously termed as Kawasaki-like disease, pediatric multi system inflammatory syndrome temporally associated with COVIRD-19 (PIMS-TS) or MIS-C, case definitions have been produced by the World Health Organization, US Centers for Disease Control and Prevention and the UK Royal College of pediatrics (Table 1).


TABLE 1 Case definitions by WHO, US-CDC and Royal College of Pediatrics, UK.
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Difference between Kawasaki like disease and MIS-C (STING PATHWAY)

In a retrospective observational study from Japan Kawasaki-disease Shock Syndrome (KDSS) and MIS-C were seen to overlap in clinical symptoms however are 2 separate entities. Kawasaki disease is a medium-sized vessel vasculitis usually in children under 5 years of age preceded by fever for at least 5 days and generalized inflammation that involves lymph nodes and particularly the skin and mucous membranes (12). KD progresses to Kawasaki disease shock syndrome (KDSS) when there is a 20% decrease in systolic blood pressure (13). COVID-19 can also develop severe course characterized by acute respiratory distress syndrome (ARDS) with a hyperinflammatory response (14). Multi-system inflammatory response in COVID-19 is characterized by systemic inflammation involving multiple organs such as cardiac, renal and gastrointestinal. Entry of a foreign antigen in the body causes activation of simulator of interferon genes (STING) which leads to release of inflammatory cytokines, predominantly type 1 IFN. The STING pathway is shown to be activated in KD brining about an inflammatory response that consists of neutrophils, macrophages and cytotoxic T cells which are seen on the histology of coronary arteries affected in KD (12). It has been reported that type 1 IFNs drive the immune response in SARS-CoV-2 (15). It was when Domizio et al. (16) identified a H-151 STING inhibitor that served as a therapeutic agent in reducing severe inflammation in SARS-CoV-2 an important role of STING pathway in COVID-19 was found. CT angiogram can also play an important role in young patients with symptoms of KD overlapping with COVID-19 to identify coronary aneurysms in a timely manner so that the fatal risk of thromboses and lumen narrowing can be diagnosed initially.




Methods

In this narrative review, a thorough literature search of all peer-reviewed articles published between 31st December' 2019 to 1st April' 2022 was undertaken using keywords “multi-system inflammatory syndrome”, “COVID-19”, “SARS COV-2”, “coronavirus”, “children”, “infant”, “Kawasaki/Kawasaki-like disease”, “pediatrics”, “pediatric multi-system inflammatory syndrome” and any other relevant keywords and supplementary concepts were identified. Reference lists of the identified studies were also screened to look for similar studies. Multiple electronic databases were searched, which included PubMed, Google Scholar, Elsevier, Wiley Online Library, ScienceDirect, and WHO COVID-19 database. To increase the scope of our search, pre-prints from Medxriv were also included. An inclusion and exclusion criteria were pre-decided to guide our search, which is as follows:
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MIS-C and ethnicities

Previous studies published on COVID-19 in adults have highlighted racial/ethnic and socio-economic disparities and race discrimination continued in the provision of vaccines and treatments (17). A policy statement by American Academy of Pediatrics highlighted that the impact of racism starts from birth disparities which give rise to mental health problems and chronic stress conditions such as cortisol that predisposes children and adolescents to chronic disease (18). A study that enrolled 640 COVID-19 patients in the UK concluded that compared to white members, black individuals were at a 4 times higher risk of COVID-19, and it was twice higher in Asian and other non-white persons (19). However, there is limited data relevant to the pediatric population and if a certain ethnic group is at a higher risk of developing COVID-19, particularly MIS-C. Currently, the CDC website reports 7,880 MIS-C cases, 31% of which are Black Non-Hispanic and 26% are Hispanic/Latino, who are also disproportionately affected by COVID-19 (20). As seen in Kawasaki disease, which has shown a predominance in genetically susceptible children, similar patterns have been seen in MIS-C, in which higher prevalence was reported in Black, Hispanic, and South Asian populations (4, 21, 22). Dufort et al. reported a case series of 99 pediatric patients with confirmed and suspected MIS-C who belonged to New York. 31 out of 78 (40%) patients were black, and 31 out of 85 (36%) were Hispanic, compared to 29 out of 78 (37%) white patients (23). Adult deaths in New York showed a similar pattern. Compared to 22% African Americans and 29% Hispanic-Latinos in the overall population, the two groups accounted for 28 and 34% of deaths, respectively (24). Another study from New York reported that 45 and 39% of MIS-C patients were Hispanic/Latino and Black, respectively, compared to 9% White, 3% Asian, and 3% other ethnicities (25). In another cohort from NYC, among 223 patients meeting the MIS-C criteria, race/ethnicity data was available for 184 patients. 34.4% (75 patients) were Black, given the overall population of Black children 22.2 and 19.9% of patients under 20 years hospitalized due to COVID (26). From April to June 2020 the incidence of MIS-C in various states of America was 9.26, 8.92, and 2.94 times higher in Black, Hispanic or Latino, and Asians compared to white patients (27). Black and Hispanic populations also have the lowest rates of vaccination, and parents to date show hesitancy to vaccinate their children against COVID-19. Only 21% of children between 12 and 15 years were vaccinated, and 32% of those between 16 and 17 years of age among the racial/ethnic groups (28).

The racial disparities were not only confined to the United States of America (USA). Toubiana et al. reported 21 confirmed cases of Kawasaki Disease—like/MISC in the Paris region in France, where children of color were overrepresented, similar to what we saw in the USA. Twelve (57%) children had at least one parent from a sub-Saharan African or Caribbean Island, and 3 (14%) children were of Asian (Srilanka/China) descent (29). A study from the UK reported 15 cases of PIMS-TS (Pediatric Inflammatory Multisystem Syndrome-temporally associated with SARS-CoV-2) associated with COVID-19, and all children belonged to African/Afro-Caribbean, South Asian, mixed, or minority ethnic groups, which is relatively large given that only 3.3% of children are Black and 10% percent are Asian. In addition, these children showed severe cardiac symptoms, and 67% were admitted to the ICU (30). Another cluster of 8 children from the UK was reported with hyperinflammatory shock syndrome; all patients were Afro-Caribbean, Asian, and Middle Eastern, and all of them were admitted to the ICU and required mechanical ventilation, one child died, and the rest were discharged on surveillance (31). In Latin America, MISC was more widely reported compared to other developing countries, perhaps due to differing political opinions regarding the to approach the pandemic and lockdown policies making children more exposed to the infection during daily activities, which further support the point of view that children of Hispanic-Latino ethnicity are at a higher risk of developing MIS-C (32–34).

Table 2 summarizes the race and ethnicity findings of MIS-C.


TABLE 2 MIS-C according to Race and Ethnicity in different countries.
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MIS-C and comorbidities

The most common underlying condition in children with MIS-C was obesity (21, 23, 25, 26, 32, 35–38). The second most common comorbid highlighted in these cohorts was asthma (4, 22, 39–43). Hypothyroidism, non-alcoholic fatty liver disease, respiratory illness preceding 4 weeks of hospitalization, and glucose-6-phosphate-dehydrogenase deficiency were also seen in some cases (43, 44). Other comorbidities seen in severe COVID-19 cases were neurological problems, immunocompromised, premature births, and hematological problems, but only obesity was associated with MIS-C (40). Similar findings were seen in adult patients, where Black patients had higher prevalence of obesity, diabetes, hypertension, and chronic kidney disease compared to white patients (45). Black ethnicity was shown to be associated with comorbidities in a cohort where African American patients with 3 or more comorbidities formed a higher proportion of overall patients with severe COVID-19 (46). Particularly in the US, obesity was associated with factors such as age, race, Hispanic origin, and education of the household head which are directly related to ethnicity and one's socio-economic status (47). Furthermore, studies suggest that asthma is related to socio-economic factors, which are directly linked with ethnicity as well, such as environmental exposures, access to healthcare, stress, and psychological/cultural factors that have been associated with increased asthma morbidity (48).



MIS-C in the developing world

Compared to High-Income Countries (HIC's), studies from the developing world have reported higher rates of hospitalization and deaths from MIS-C (49). The first case to be reported in South Asia was from Pakistan, where a cluster of 8 children reported confirmed MISC at a university hospital in the city of Lahore, all of whom showed cardiovascular involvement, and one died due to myocardial infarction and subsequent organ failure (50). Involvement of coronary artery disease and the overall infectivity rate in Pakistan in children younger than 20 years was higher (>10%) compared to the rest of the world (50, 51). In India, neonates and infants were affected by MIS-C with various manifestations ranging from in-utero exposure to SARS-CoV-2 in a premature infant (52), fatal respiratory distress syndrome with hypotensive shock and meningoencephalitis (53), cavitary lung lesions (54), persistent neutropenia (55) to dermatological involvement (56). In Iran, a retrospective study that covered 3 hospitals in regions most severely hit by the pandemic reported 45 confirmed cases of MISC and a mortality of 11% (n = 5) (57). Another case report from Iran showed a 5-year-old girl with Kawasaki disease like inflammatory syndrome with severe symptoms consistent with MISC that improved with standard treatment consisting of IVIG and anti-biotics (58).

At the time of writing this review, studies from Low- and Middle-Income Countries (LMIC's) showed a lesser number of MISC patients compared to HICs but a higher proportion of deaths (49). This is alarming due to a number of factors. Firstly, many physicians working on the front lines were stretched to not allocate enough time for clinical research and data collection. Secondly, lack of testing capacity overwhelmed in-patient facilities, and limited pediatric ICU and ventilator resources can cause many patients to return undiagnosed. Thirdly, children make up a large part of the population in LMICs compared to HICs and have more exposure to risk factors of lower respiratory diseases such as air pollution, incomplete immunization, malnutrition, greater prevalence of infectious diseases like TB and HIV, and overcrowded conditions with water and sanitation problems (59). Therefore, the number of cases of MISC can be largely underestimated.

It is essential to consider practical prevention strategies according to the limitations of populations in low-income countries. In communities with widespread transmission mass awareness and advocacy campaigns regarding the spread of the disease can be carried out with focus on limiting healthy children from visiting healthcare facilities, regular well-child visits for newborns and infants for preventive care and timely vaccinations, local availability of telephone triage system, immediate closure of schools and public places or at least restricting entrance for children as well as nutritional education for parents as diet plays a huge role in the development of immune system (60).

Table 3 summarizes findings from High-Income and Low-and Middle-Income countries based on the recent World Bank Classification (61).


TABLE 3 MISC in high income countries.
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MIS-C and socio-economic factors

Given the ethnically diverse nature of the aforementioned HICs, the high number of cases suggests a relationship between socio-economic factors and MIS-C. Higher COVID-19 infection rates have been associated with lack of insurance, overcrowded neighborhoods where social distancing is ineffective, and high exposure jobs within the service industry, transport, and healthcare sectors which are dominated by people of color (62). Especially Hispanic families who mostly live in metropolitan areas in apartment buildings, bigger families, and mainly use public transport (63). This can lead to adults exposing more children to coronavirus at home and serve as a possible explanation for the increased number of COVID-19 cases progressing to MIS-C. Discrimination within the healthcare system, limited healthcare access because of lack of transportation to take their children to the hospital on time, cultural and linguistic barriers, inability to take time off work, possible distrust in the system due to inherent biases and fears of deportation for symptomatic adults also play a role in acquiring timely access to healthcare (64, 65). A retrospective case-control study in Massachusetts conducted on 44 patients with MIS-C (Hispanic = 44%, Black = 26%) concluded that a higher social vulnerability index (SVI), lower socio-economic status (SES), Hispanic ethnicity, and Black race were independently associated with developing MIS-C (66). Mitigating social determinants of health is important as future winter waves of SARS-CoV-2 are anticipated. Improved housing decreases in overcrowding, and improved nutrition has for years proven to be effective interventions for controlling respiratory infections such as tuberculosis (67). Factors such as reducing smoke exposure, financial support to low-income households, improving access to healthcare, free and accessible testing, and provision of shelter to those in need have great potential to improve future pandemic morbidity and mortality (68).




Conclusion

This review highlights the need for high-quality data on ethnicities and socio-economic positions of patients affected by MISC, especially in regions severely impacted by COVID-19. Social determinants of health should be routinely considered in clinical assessments the same way as age and sex, as they can play an important role by aiding in the creation of tailor-made policies for risk mitigation. It is important to note the equitable distribution of resources, such as critical care and hospital beds for pediatric patients with MISC, is essential for reducing mortality because most of the resources were allocated to adult COVID-19 patients. In LMICs, where lockdown policies put vulnerable populations such as the elderly and children at a higher risk of exposure as most people live in overcrowded conditions, there should be strict surveillance. Good standard healthcare is not free in most LMICs, hospitals funded by the government are found to be stretched, and the cost associated with prolonged hospital admissions and critical care can be a factor that holds back families from seeking hospital care until an emergency arises. In addition to social determinants of health, comorbidities were another driving factor leading to the overrepresentation of ethnic minorities getting affected by MISC. Further genetic studies are also needed to warrant the role of genetic susceptibility to MISC in children. This review can form the basis of larger cohort studies investigating the role of ethnicity and social determinants of health in developing MISC that pose a serious public health concern. Our review also elucidates the importance of cross-cultural prospective cohorts to correctly assess the wide clinical variability of this syndrome and help us solidify common socio-economic and racial/ethnic factors driving the severity of MIS-C. Including data from LMICs helped in gaining a new perspective for the occurrence of this syndrome as we saw how delays in attaining appropriate treatment, unavailability of critical care and a lack of timely diagnosis led to severe forms of disease. In conclusion our review identified similar patterns of racial findings, socio-economic strata and limitations of health set ups across different countries of the same economic classification which can aid policy makers in making effective strategies to mitigate the development of MIS-C therefore further studies in the same area should be focused on.
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5/15 (34%): Other races
40.5% Hispanic/Latino (Hispanic)

33.19% non-Hispanic black (black) 13.2%
non-Hispanic white (white)

African American

Multiracial (Caucasian and Hispanic)

58% White

Blacks (18)

South African colored (5)
No whites

Latin American

Arab
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