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Abstract 

Background: Multisystem inflammatory syndrome is a severe manifestation of SARS‑CoV‑2 in children. The incidence 
of MIS‑C after infection is poorly understood. There are very few cohorts describing MIS‑C in Africa despite MIS‑C 
being more common in Black children worldwide.

Methods: A cohort of children with MIS‑C and healthy children was recruited from May 2020 until May 2021 from 
the two main paediatric hospitals in Cape Town, South Africa. Clinical and demographic data were collected, and 
serum was tested for SARS‑CoV‑2 antibodies. The incidence of MIS‑C was calculated using an estimation of popula‑
tion exposure from seroprevalence in the healthy group. Summary data, non‑parametric comparisons and logistic 
regression analyses were performed.

Results: Sixty eight children with MIS‑C were recruited with a median age of 7 years (3.6, 9.9). Ninety seven healthy 
children were recruited with a 30% seroprevalence. The estimated incidence of MIS‑C was 22/100 000 exposures in 
the city in this time. Black children were over‑represented in the MIS‑C group (62% vs 37%, p = 0.002). The most com‑
mon clinical features in MIS‑C were fever (100%), tachycardia (98.5%), rash (85.3%), conjunctivitis (77.9%), abdominal 
pain (60.3%) and hypotension (60.3%). The median haemoglobin, sodium, neutrophil count, white cell count, CRP, 
ferritin, cardiac (pro‑BNP, trop‑T) and coagulation markers (D‑dimer and fibrinogen) were markedly deranged in 
MIS‑C. Cardiac, pulmonary, central nervous and renal organ systems were involved in 71%, 29.4%, 27.9% and 27.9% 
respectively. Ninety four percent received intravenous immune globulin, 64.7% received methylprednisolone and 
61.7% received both. Forty percent required ICU admission, 38.2% required inotropic support, 38.2% required oxy‑
gen therapy, 11.8% required invasive ventilation and 6% required peritoneal dialysis. Older age was an independent 
predictor for the requirement for ionotropic support (OR = 1.523, CI 1.074, 2.16, p = 0.018). The median hospital stay 
duration was 7 days with no deaths.

Conclusion: The lack of reports from Southern Africa does not reflect a lack of cases of MIS‑C. MIS‑C poses a signifi‑
cant burden to children in the region as long as the pandemic continues. MIS‑C disproportionately affects black chil‑
dren. The clinical manifestations and outcomes of MIS‑C in this region highlight the need for improved surveillance, 
reporting and data to inform diagnosis and treatment.
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Introduction
Multisystem inflammatory syndrome in children (MIS-
C) emerged in 2020 as a serious paediatric manifestation 
of the severe acute respiratory syndrome coronavirus 2 
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(SARS-CoV-2) and has been described throughout the 
world [1–4]. MIS-C is reported in less resourced settings 
[5–8] but there are very few reports from Africa [9–11]. 
The incidence of a child developing MIS-C after exposure 
to SARS-CoV-2 is not well known as exposure rates to 
SARS-CoV-2 in children are largely unknown. Here, we 
describe a comprehensive cohort of children with MIS-C 
in a single city in South Africa (SA) along with a group 
of healthy children from the same population, exposed 
to SARS-CoV-2 during a similar time. We describe the 
clinical features of MIS-C in this population and provide 
a local serology-based estimation of incidence of MIS-C 
after exposure to SARS-CoV-2.

With widespread vaccination in the more-resourced 
world, it is expected that there will be fewer cases of 
MIS-C as the pandemic abates. Low and middle-income 
countries (LMICs) in Africa have the challenge of delayed 
vaccination, poor vaccine coverage and a relatively larger 
proportion of younger people in the population [12]. In 
every cohort reported to date, black children are dis-
proportionately affected by MIS-C [1, 2, 13, 14] with an 
estimation of a nearly six times higher risk of developing 
MIS-C as compared to white children [15]. We expect 
that MIS-C will persist in Africa after cases decrease 
elsewhere. Therefore, it is important to estimate the inci-
dence of MIS-C after SARS-CoV-2 infection and describe 
the clinical features of MIS-C in this population.

Methods
Participants
MIS‑C
Children under the age of 18  years old admitted to the 
two main paediatric referral hospitals in Cape Town; the 
Red Cross War Memorial Children’s Hospital (RXH) or 
Tygerberg Academic Hospital (TBH) between 7 May 
2020 and 31 March 2021 with confirmed MIS-C as per 
the WHO criteria [16] were offered recruitment with 
consent. Twenty three cases were previously reported in 
a letter in August 2020 [9], and four patients have been 
reported in a renal case series [17].

Healthy participants
From 17 August 2020 to 31 May 2021 healthy children 
attending RXH for elective surgery were enrolled with 
consent and blood was taken and tested for the presence 
of SARS-CoV-2 antibodies [18]. Healthy children were 
only included if they had no underlying chronic disease 
and were undergoing elective procedures for disorders 
not related to underlying disease, for example: circumci-
sion, squint repair and fracture revision.

No children in the Western Cape had been vaccinated 
at the time of recruitment.

Race, sex, and comorbidity data were collected for all 
patients as recorded in the clinical notes. SARS-CoV-2 
contact was defined as confirmed (contact with a per-
son with a positive SARS-CoV-2 PCR test in the preced-
ing 6  weeks), suspected (contact with an unwell person 
with any fever or flu-like symptoms in the preceding 
6 weeks) or none. The presence or absence of clinical fea-
tures over the entire admission as recorded by clinicians 
was entered directly to an online case report data sheet. 
These features included fever, rash, diarrhoea, headache, 
abdominal pain, conjunctivitis, and arthritis.

The presence or absence of the following clinical signs 
was collected (with definitions):

• hypotension (defined as blood pressure less than the 
established range for age recorded > 3 times in 24 h or 
persistent for more than 1 h)

• tachycardia (defined as heart rate greater than the 
established range for age)

Organ involvement was defined as any documented 
involvement of either the cardiac, renal, pulmonary, 
or central nervous systems (CNS). In children who had 
received an echocardiogram, the minimum ejection frac-
tion (EF) and presence of a pericardial effusion, any val-
vular disease or coronary artery aneurysms was collected 
as recorded in the clinical notes by the cardiologist per-
forming the echocardiogram.

The following blood test results were collected from 
each admission:

• Maximum: C-reactive protein (CRP), white cell 
count (WCC), neutrophil count, creatinine, urea, ala-
nine transaminase (ALT), aspartamine transaminase 
(AST), troponin T (Trop-T), Pro-beta natriuretic 
protein (BNP), ferritin, D-Dimer, fibrinogen, lactate 
dehydrogenase (LDH).

• Minimum: haemoglobin (Hb), sodium, albumin, 
platelets, lymphocyte count.

Treatment with antibiotics, intravenous immune glob-
ulin (IVIG) and glucocorticoids was recorded. Inten-
sive care unit (ICU) admission, supplementary oxygen 
therapy, invasive ventilation, inotropic blood pressure 
support or dialysis treatments and total duration of 
admission was recorded.

In a subset of children from RXH only (41/68), daily 
data was captured from the notes to estimate the median 
day of admission after symptom onset, median day of 
treatment and compare the duration of fever related to 
treatment. Results from microbiological laboratory tests 
(blood and stool cultures and other viral tests) were 
recorded in the 41 patients from RXH only.
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Children were included after informed consent was 
obtained and this study was approved by the Human 
Research Ethics Committee of RXH, TBH and the Uni-
versity of Cape Town (Ethics approval: UCT HREC 
112/2012, 599/2020; RXH RCC240/WC_202008_113; 
TBH N20/07/041; N20/04/013).

Statistical analysis
Medians and interquartile ranges were reported due to 
the nonparametric distribution of these data. Compari-
son of proportions were measured using Chi squared or 
Fisher exact test where appropriate and continuous data 
were summarised using an independent sample t-test or 
Mann–Whitney U test where appropriate. Analysis of 
data was performed using SPSS V.27.

Results
Demographics
Sixty-eight children with MIS-C [16] were recruited (41 
from RXH and 27 from TBH), reflecting cases collected 
up to 6 weeks after the end of the second wave of SARS-
CoV-2 in the city (Fig.  1). The median age of children 
with MIS-C was 7  years (Interquartile range (IQR) 3.6, 
9.9) with no sex bias (47.1% female) and 42/68 (62%) were 

Black African (Table  1) The youngest child with MIS-C 
was 2 months old and the oldest was 14 years old, reflect-
ing the arbitrary local admission age cut-off for paediatric 
services. Pre-existing conditions were recorded in 13/68 
(19.1%) of children with MIS-C (Supp. Table 1).

In order to estimate seroprevalence among healthy 
children during the first 2 waves in the city, 97 healthy 
children were recruited. The time periods are slightly dif-
ferent for the recruitment of healthy children and those 
with MIS-C as elective surgeries were cancelled dur-
ing both waves, so that recruitment of healthy children 
lagged slightly. Ultimately, all healthy children were 
recruited prior to the  3rd wave, so that seroprevalence 

Fig. 1 MIS‑C in Cape Town, South Africa. 68 children with MIS‑C were recruited at the Red Cross and Tygerberg Children’s Hospitals between 7 May 
2020 and 30 March 2021. Black bars indicate MIS‑C cases at these two main paediatric referral centers while grey bars indicate the daily number 
of SARS‑CoV‑2 cases in the City of Cape Town, South Africa [19]. As per the National Institute of Communicable Diseases’s definition, the first two 
waves of SARS‑CoV‑2 in the city occurred from 3 May 2020 – 16 August 2020, and 8 November 2020 – 7 February 2021, with the third wave starting 
on 23 May 2021

Table 1 Demographics

MIS-C Healthy children

Median age (years)
(IQR)

7.0
(3.6, 9.9)

5.4
(2.4, 9.0)

p = 0.379

Female (%) 32/68 (47.1) 31/97 (31.9) p = 0.092

Black African (%) 42/68 (61.8) 36/97 (37.1) p = 0.002

South African Coloured (%) 26/68 (38.2) 61/96 (62.8)
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most likely reflects infection during the first 2 waves 
(Supp. Figure  1). Healthy children had a median age of 
5.5 years (IQR 2.4, 9) and 31% were female. There was no 
difference in age or sex in healthy children as compared 
to children with MIS-C (Table 1). A lower proportion of 
healthy children were Black African as compared to chil-
dren with MIS-C (37.1% vs 62%, p = 0.002).

All healthy children were nasal swab SARS-CoV-2 pol-
ymerase chain reaction (PCR) negative and 29/68 (30%) 
had SARS-CoV-2 antibodies in serum (exposed) (Supp. 
Figure 1). Healthy exposed children tended to be younger 
than healthy unexposed children (3.3 years vs 6.1 years, 
p = 0.066) but there was no difference in sex (41% vs 
30% female, p = 0.318) or ethnicity (45% vs 34% Black, 
p = 0.304) by exposure.

Incidence
The estimated population of children under 14 in Cape 
Town is 1 044 963 [20], giving an estimated population 
incidence of 6.6 MIS-C cases per 100 000 children aged 
less than 14 in the city during the first 2 SARS-CoV-2 
waves. Applying the 30% seroprevalence seen in the 
group of healthy children, we estimate that 313 488 chil-
dren may have been exposed to SARS-CoV-2 in the city 
during the first 2 waves. This allows us to estimate an 

incidence of 22 cases of MIS-C per 100 000 SARS-CoV-2 
infections in children younger than 14 in the city up until 
this date.

Clinical features of MIS-C
Twenty three percent of children with MIS-C (14/61) had 
a confirmed SARS-CoV-2 contact, 18% (11/61) had a sus-
pected contact and 59% (36/61) had no contact reported 
(Supp. Table 2). Ninety one percent had a positive SARS-
CoV-2 antibody test and 14.7% had a positive PCR test at 
the time of admission (Supp. Table 2). None of the chil-
dren had received prior SARS-CoV-2 vaccination.

The most common clinical features in children with 
MIS-C were fever (100%), tachycardia (98.5%), rash 
(85.3%), conjunctivitis (77.9%), abdominal pain (60.3%) 
and hypotension (60.3%) (Table  2). The average total 
duration of fever was 6 days (IQR 4, 8). The IQR of the 
median minimum Hb and sodium were less than the 
local normal range in MIS-C (Table 2). The IQR of the 
median maximum neutrophil count, WCC, CRP, fer-
ritin, cardiac (pro-BNP, trop-T) and coagulation mark-
ers (D-dimer and fibrinogen) were higher than the local 
normal range (Table 2). The laboratory tests that were 
most frequently abnormal as compared to the local 
normal range were CRP (100%), sodium (98%), fer-
ritin (98%), D-Dimer (98%), haemoglobin (88%) and 

Table 2 Clinical findings

CNS Central nervous system, CRP C-reactive protein, Hb haemoglobin, WCC  white cell count, ALT alanine transaminase, AST aspartamine transaminase, pro-BNP Pro-
beta natriuretic protein, LDH lactate dehydrogenase
a n = 68 unless specified
b Interquartile range of median estimate is outside of normal range of laboratory test

Signs and Symptoms Count (%)
n =  68a

Laboratory findings (normal range) Median n =  68a N abnormal (%)

Fever 68 (100) Minimum Sodium (136–145 mmol/L) b129 (127, 131) 67 (98)

Tachycardia 67 (98.5) Platelets (180–440 ×  109/L) 189 (134, 275) 32 (47)

Rash 58 (85.3) Hb (11.8–14.6 g/dL) b9.7 (8.4, 10.8) 60 (88)

Conjunctivitis 53 (77.9) Albumin (29–42 g/L) 27 (25, 30) n = 63 44 (70)

Abdominal pain 41 (60.3) Lymphocyte count (1.90–4.30 ×  109/L) 1.16 (0.75, 2.28) n = 67 44 (66)

Hypotension 41 (60.3) Maximum CRP (< 10 mg/L) b242 (140, 308) n = 67 67(100)

Diarrhoea 40 (58.8) Troponin‑T (< = 14 ng/L) b38 (16, 72) n = 45 34 (75)

Mucositis 19/41 (46.3) pro‑BNP (< 450 ng/L) b5785 (737, 19,898) n = 62 50 (81)

Arthritis 19 (27.9) Neutrophil count (1.7–5.0 ×  109/L) b11.99 (7.30, 18.49) n = 67 59 (88)

Headache 18 (26.4) WCC (3.90–10.20 ×  109/L) b16.60 (12.54, 24.74) 57 (84)

Organ Involvement Ferritin (7–84 ng/L) b643 (317, 1022) n = 65 64 (98)

 Lung 20 (29.4) D‑dimer (0.00–0.25 mg/L) b2.60 (1.29, 4.91) n = 59 58 (98)

 CNS 19 (27.9) Fibrinogen (2.0–4.0 g/L) b5.3 (4.5, 6.4) n = 57 48 (84)

 Renal 19 (27.9) Urea (1.4–5.7 mmol/L) 6.8 (4.2, 12.7) 40 (59)

Cardiac Creatinine (30–48 umol/L) 47 (35, 76) 33 (49)

 Mitral regurgitation 25 (36.8) AST (0–41 U/L) 46 (31, 61) n = 61 34 (73)

 Pericardial effusion 12 (17.6) ALT (5–25 U/L) 33 (22, 55) n = 64 44 (69)

 Coronary artery aneurysm 4 (5.9) Maximum LDH (110–295 U/L) 325 (279, 419) n = 25 15 (60)
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neutrophil count (88%). Fifty three percent (36/68) of 
children with MIS-C met the clinical criteria for Kawa-
saki Disease [21]. Thirteen percent (9/68) met the cri-
teria for macrophage activation syndrome (MAS) [22] 
but no patients had bone marrow assays to demonstrate 
haemophagocytosis and none had persistent secondary 
MAS subsequent to resolution of MIS-C.

Pulmonary, CNS and renal organ systems were 
involved in 29.4%, 27.9% and 27.9% respectively 
(Table 2). Seventy one percent had cardiac involvement 
which included pericardial effusions (17.6%), mitral 
regurgitation (36.8%) and coronary artery aneurysms 
(5.9%). The estimated median EF was 47% (IQR 39, 60). 
Children with MIS-C and hypotension had a lower EF 
compared to non-hypotensive patients (p < 0.0001). 
Eighty five percent of children with MIS-C had gas-
trointestinal symptoms, including abdominal pain 
(60.3%), diarrhoea (58.8%) and vomiting (10/41). One 
child underwent a negative laparotomy for a suspected 
appendicitis. Nine of 41 children with microbiology 
lab data (22%) had evidence of other infections during 
admission. Of these, the majority were judged to be 
hospital acquired infections or contaminants, but it was 
determined that two children had a true co-infection 
in addition to MIS-C, both with evidence of Escheri-
chia coli (E. coli) urinary tract infections (UTI) (Supp. 
Table 3).

A single antibiotic was administered to 94.1% of chil-
dren, and 23.5% received an additional antibiotic during 
their admission. The median day of initiation of antibi-
otics was day 1 (IQR 1, 1) of admission (Supp. Table 4). 
The most frequently administered MIS-C treatment was 
IVIG; 94.1% of children received at least one dose and 
8.8% required a second dose. Intravenous methylpred-
nisolone was given to 64.7% of children. Twenty-two 
(32.4%) children received IVIG only, two (2.9%) received 
methylprednisolone only, 42 (61.7%) received both IVIG 
and methylprednisolone and two (2.9%) received nei-
ther IVIG nor methylprednisolone. Six percent (4/68) 
of children received an IL-6 inhibitor (tocilizumab). 
The median day of admission was day 4 (IQR 4, 6) after 
symptom onset. The median day of treatment with IVIG 
was day 2 after admission (IQR 2, 4) and the median day 
of treatment with methylprednisolone was day 3 after 
admission (IQR 3, 5). Fever, tachycardia and hypotension 
remitted soon after treatment in the majority of patients, 
although the presence of a rash persisted for longer in 
some patients (Fig. 2).

Children who received both IVIG and methylpredniso-
lone were more frequently admitted to ICU compared to 
those that received IVIG alone (24/42 vs 3/22, p = 0.001). 
Children who received IVIG and methylprednisolone vs 
IVIG alone had no difference in the median maximum 

CRP (183 mg/L vs 246 mg/L, p = 0.28), duration of fever 
(6 days in each group) or duration of hospital stay (7 vs 
6 days, p = 0.142).

Of all 68 children, 27 (39.7%) required ICU admission, 
26 (38.2%) required inotropic blood pressure support, 26 
(38.2%) required oxygen therapy, 8 (11.8%) required inva-
sive ventilation and 4 (6%) required peritoneal dialysis. 
The median hospital stay duration was 7 days (IQR 6, 10). 
No patients died at either hospital.

Inotropic support was further explored as a proxy 
for severity. The median age of children with MIS-C 
who required inotropic support was higher than those 
who did not (8 years (IQR 7, 11) vs 4 years (IQR 1.4, 9), 
p = 0.001). Equally, CRP (p = 0.02), troponin T (p = 0.05), 
Hb (p = 0.05), platelets (p = 0.41) and pro-BNP (p < 0.001) 
all independently associated with the need for inotropic 
support. A logistic regression model showed that when 
controlling for CRP, pro-BNP, Trop T, Hb and platelets, 
age was a notable predictor of the need for inotropic sup-
port (OR = 1.523, CI 1.074, 2.16, p = 0.018).

Discussion
The lack of data from Southern Africa may lead to the 
false conclusion that MIS-C is rare in the region and we 
hope that these data highlight the burden that African 
children face from MIS-C, while providing valuable clini-
cal and epidemiological observations in the global dis-
covery of this disease.

Cape Town is a relatively well-resourced city in the 
region, with an established research infrastructure which 
allows for the rapid and comprehensive documentation 
of cases of MIS-C in the two main paediatric state hospi-
tals in the city. Although MIS-C was declared a notifiable 
medical condition in South Africa in September 2020 
[23], the uptake of national notifications has been poor 
and the true burden of MIS-C in the country and region 
is unknown. Due to a tight network of paediatricians in 
the city, with 2 main referral hospitals, this cohort rep-
resents the majority of children with MIS-C in the city 
but may exclude a small number of milder cases treated 
in primary care centres, in the private sector or children 
with severe MIS-C who presented with shock and died 
before diagnosis.

The incidence of MIS-C after infection with SARS-
CoV-2 has been difficult to define globally as it has been 
difficult to accurately estimate the number of children 
exposed to SARS-CoV-2 in different regions. Reported 
numbers of SARS-CoV-2 infections in most paediatric 
populations are inaccurate as children are commonly 
asymptomatic and may not be tested. In the US, access 
to testing varied widely between regions over the course 
of the pandemic, resulting in poor correlation between 
regional numbers of paediatric SARS-CoV-2 cases and 
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MIS-C cases [4]. Payne et al. attempted to overcome this 
problem by using regional multipliers to account for the 
various causes of under-reporting of SARS-CoV-2 to esti-
mate the total number of children exposed to the virus 
per state in the US [15, 24]. Adjusting for race, age and 
jurisdiction, they estimate a total incidence of 31.5 cases 
of MIS-C per 100 000 SARS-CoV-2 infections in people 
younger than 21 years old in the US, with regional unad-
justed estimates varying between 13.1/100 000 in New 
York and 77.9/100 000 in Michigan.

Here, we use the 30% seroprevalence observed in a 
group of healthy children from the same area and time 
of exposure as the children with MIS-C, to estimate an 
incidence of 22 cases per 100 000 SARS-CoV-2 infections 
in children less than 14 years old in the city. We do not 
adjust for age or ethnicity, but black children and children 
under 15 accounted for the highest incidence in the US 

[15], making our relatively lower incidence in a younger 
population, with a high proportion of black children sur-
prising. As mentioned, we may slightly under-estimate 
the true number of cases of MIS-C in the city—if we 
assume that at worst, we underestimate cases by 20%, we 
still get a relatively conservative estimated incidence of 
26/100 000.

We argue that serology gives a more accurate estima-
tion of the denominator  - the number of children who 
have been infected with SARS-CoV-2 - than other studies 
which most likely explains the lower incidence reported 
here. This is a small sample of healthy children making 
the generalisability of the seroprevalence in this sample 
a weakness. Equally, these children were attending the 
hospital, which may introduce bias, although this was 
limited by only recruiting children undergoing elective 

Fig. 2 Resolution of clinical features. Of 41 children at the Red Cross Children’s Hospital, daily clinical data was captured. The percentage of children 
with the clinical features of the cohort is reflecting for each day since the onset of symptoms to demonstrate the average kinetics of resolution 
with time in relation to admission and treatment. The red line indicates the median day of admission (day 4), the green line indicates the median 
day of receiving IVIG (day 6) and purple line indicates the median day of receiving methylprednisolone (day 7). IVIG‑ Intravenous immune globulin. 
MP‑ Methylprednisolone
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procedures not associated with underlying inflammatory, 
immune or other chronic illnesses.

As future waves produce multiple infections, it will not 
be possible to assume that seropositivity associates with 
a single infection. In the absence of widespread longitu-
dinal community studies which link cases of MIS-C to 
single (often asymptomatic) infections, we argue that this 
cohort, in a defined geographic area and time may yield 
our best (although imperfect) estimation of incidence 
after infection.

This cohort follows the established global trend of 
MIS-C being more common in Black children. We show 
no evidence of difference in SARS-CoV-2 exposure in 
Black children in the healthy cohort, arguing that differ-
ences in exposure cannot account for these differences. 
Although we do not account for many other racial and 
historical factors relevant to our context, such as access 
to care, burden of disease and nutrition, we emphasise 
the possibility that Black children may be at an inherently 
higher risk of MIS-C and deserve extra vigilance. The 
demographic distribution of Cape Town is not reflective 
of the rest of the country where 80% of the population is 
Black African leading us to believe that there is likely a 
higher burden of MIS-C throughout the country than is 
described here, and that efforts to improve monitoring 
and reporting are urgently warranted.

The clinical disease presentation in this cohort is 
similar to other reported cohorts with rash, abdominal 
pain, conjunctivitis, tachycardia and hypotension being 
common. The proportion of children with confirmed 
exposure to MIS-C is similar to the US (22% vs 24.7%) 
[2]. Serum sodium, CRP, ferritin, haemoglobin, neutro-
phil count, cardiac markers and coagulation markers 
were markedly deranged in children with MIS-C. Car-
diac involvement was common, but not universal in this 
cohort with a relatively lower rate of coronary artery 
aneurysms than other cohorts [2]. The relationship 
between a low EF and hypotension confirms the myocar-
dial nature of the disease.

Treatment efficacy cannot be inferred from these 
data, which reflect local treatment recommendations 
where children who required ICU admission received 
both glucocorticoids and IVIG. There are no prospec-
tive treatment data for MIS-C and retrospective pro-
pensity matched analyses are conflicting as to whether 
IVIG works better alone or in conjunction with gluco-
corticoids [25–27]. IVIG is an expensive and inaccessible 
medication in many regions in Africa. The Best Available 
Treatment Study [26] is the only study to date to include 
patients who received glucocorticoids alone, and did not 
show superiority of IVIG alone as compared to gluco-
corticoids alone, although the dose and route of admin-
istration of glucocorticoids was not specified. Therefore, 

prospective randomized treatment studies designed for 
lower-middle-income settings are urgently needed.

Approximately one third of cases had any involve-
ment of the brain, kidneys or lungs and nearly half 
required ICU admission, highlighting the severity 
of this disease and the requirement for a skilled and 
multi-disciplinary team. Older age (> 7 years) emerged 
as an independent predictor of severity (as defined by 
the requirement for inotropic support), with important 
clinical utility.

In conclusion, we provide a detailed description of a 
cohort of children with MIS-C in a Southern African 
setting, with the first seroprevalence based estimation 
of the incidence of MIS-C after SARS-CoV-2 expo-
sure. These data highlight that MIS-C is a severe dis-
ease, causing significant illness in children from this 
region and most likely others in Africa. We emphasise 
that the burden of MIS-C in children from this region 
is under-represented in global data. With the inequal-
ity of SARS-CoV-2 vaccination, we expect that MIS-C 
will persist as a threat to African children. There is 
an urgent need to improve surveillance and perform 
research in the region to better inform the diagnosis 
and management of these children.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12887‑ 022‑ 03308‑z.

Additional file 1: Figure S1. Seroprevalence of SARS‑CoV‑2 in healthy 
children. 97 children presenting to RXH for elective surgeries that were 
otherwise well were recruited between August 2020 and May 2021. 
Twenty‑nine of these healthy children had antibodies to SARS‑CoV‑2 
(healthy exposed) with an estimated seroprevalence of 30% during this 
period.

Additional file 2: Table S1. Pre‑existing conditions in children with MIS‑C.

Additional file 3: Table S2. SARS‑CoV‑2 exposure.

Additional file 4: Table S3. Evidence of infection.

Additional file 5: Table S4. Treatment.

Acknowledgements
Graeme Wilson (anaesthetics), Shazia Peer (ENT), Elizabeth Mayne (NICD), 
William Horsnell, Christopher Tinley (ophthalmology), Dirk von Delft (surgery), 
John Lazarus (urology), John Lawrenson, Barend Fourie, Noor Parker, Juanita 
Lishman, George Comitis, Mignon McCulloch, Peter Nourse, Ashton Coetzee, 
Kirsty Donald, Shamiel Salie, Leen Remmelzwaal, ICU staff, theatre staff and the 
paediatric general staff at both hospitals.

Authors’ contributions
NA, HF‑T, KW, AF, RS, CS, DeepthiRA, HR, LZ and KS recruited and identified 
participants. DebbieA, DeepthiRA, HF‑T, CB, RS, AF, KW gathered data from 
the clinical notes and populated the database. CB and KW analysed data and 
wrote the first draft of the manuscript with RS. All authors read and approved 
the final manuscript.

Funding
This work was supported by the Crick African Network (CAN), through a fel‑
lowship to Dr Kate Webb. The CAN receives its funding from the UK’s Global 
Challenges Research Fund (MR/P028071/1), and by the Francis Crick Institute 

https://doi.org/10.1186/s12887-022-03308-z
https://doi.org/10.1186/s12887-022-03308-z


Page 8 of 8Butters et al. BMC Pediatrics          (2022) 22:241 

which receives its core funding from Cancer Research UK (FC1001647), the UK 
Medical Research Council (FC1001647), and the Wellcome Trust (FC1001647). 
For the purpose of Open Access, the author has applied a CC BY public 
copyright license to any Author Accepted Manuscript version arising from this 
submission. This work was also funded by  the Wellcome Centre for Infectious 
Disease research in Africa (CIDRI) and supported by the South African Medical 
Research Council with funds received from National Treasury. The content and 
findings reported/illustrated are the sole deduction, view and responsibility 
of the researcher and do not reflect the official position and sentiments of 
the SAMRC or National Treasury. The funders did not play a role in the data 
collection, analysis, or interpretation; trial design; patient recruitment; or any 
aspect pertinent to the study. Open Access funding provided by The Francis 
Crick Institute.

Availability of data and materials
Data represents detailed clinical data from minors. Therefore, due to privacy 
and ethical concerns, data are not being made publicly available, however 
may be available upon request from the corresponding author.

Declarations

Ethics approval and consent to participate
All participation was with informed consent from a parent/legal guardian 
and performed with approval of the Human Research Ethics Committee of 
the University of Cape Town and Stellenbosch with respective institutional 
approvals (Ethics approval: UCT HREC 112/2012, 599/2020; RXH RCC240/
WC_202008_113; TBH N20/07/041; N20/04/013). All methods were carried out 
in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Red Cross War Memorial Children’s Hospital, University of Cape Town, Cape 
Town, South Africa. 2 Institute of Infectious Disease and Molecular Medicine 
(IDM), Department of Pathology, Division of Immunology, Faculty of Health 
Science, University of Cape Town, Cape Town, South Africa. 3 Tygerberg Hospi‑
tal, Stellenbosch University, Cape Town, South Africa. 4 Lagos State University 
Teaching Hospital, Ikeja, Lagos, Nigeria. 5 Division of Cardiology, Department 
of Medicine, Groote Schuur Hospital, Cape Town, South Africa. 6 Faculty 
of Health Sciences, Cape Heart Institute (CHI), University of Cape Town, Cape 
Town, South Africa. 7 Crick African Network, Francis Crick Institute, London, UK. 

Received: 15 December 2021   Accepted: 19 April 2022

References
 1. Riphagen S, Gomez X, Gonzalez‑Martinez C, Wilkinson N, Theocharis 

P. Hyperinflammatory shock in children during COVID‑19 pandemic. 
Lancet. 2020;395:1607–8.

 2. Feldstein LR, et al. Multisystem Inflammatory Syndrome in U.S. Children 
and Adolescents. N Engl J Med. 2020;383:334–46.

 3. Pouletty M, et al. Paediatric multisystem inflammatory syndrome tempo‑
rally associated with SARS‑CoV‑2 mimicking Kawasaki disease (Kawa‑
COVID‑19): a multicentre cohort. Ann Rheum Dis. 2020;79:999–1006.

 4. Belay ED, et al. Trends in Geographic and Temporal Distribution of US 
Children With Multisystem Inflammatory Syndrome During the COVID‑19 
Pandemic. JAMA Pediatr. 2021;175:837–45.

 5. Jain S, et al. Multisystem Inflammatory Syndrome in Children With COVID‑
19 in Mumbai India. Indian Pediatr. 2020;57(11):1015–9.

 6. Prata‑Barbosa A, et al. Pediatric patients with COVID‑19 admitted to 
intensive care units in Brazil: a prospective multicenter study. J Pediatr. 
2020;96:582–92.

 7. Mohsin SS, et al. Multisystem inflammatory syndrome (MIS‑C) in Pakistani 
children: A description of the phenotypes and comparison with historical 

cohorts of children with Kawasaki disease and myocarditis. PLoS ONE. 
2021;16: e0253625.

 8. Mamishi S, et al. Multisystem inflammatory syndrome associated with 
SARS‑CoV‑2 infection in 45 children: a first report from Iran. Epidemiol 
Infect. 2020;148:e196–e196.

 9. Webb K, et al. Multisystem inflammatory syndrome in children in South 
Africa. Lancet Child Adolesc Health. 2020;4:e38.

 10. Moodley P, Tsitsi JML, Reddy DL, Debising M, Ickinger C. A case of 
multisystem inflammatory syndrome in an African adolescent male: case 
report. Pan Afr Med J. 2021;38:174.

 11. Onyeaghala C, et al. Multisystem inflammatory syndrome (MIS‑C) in an 
adolescent Nigerian girl with COVID‑19: A call for vigilance in Africa. Int J 
Infect Dis. 2021;105:124–9.

 12. Padma TV. COVID vaccines to reach poorest countries in 2023 — despite 
recent pledges. Nature. 2021;595:342–3.

 13. Whittaker E, et al. Clinical Characteristics of 58 Children With a Pediatric 
Inflammatory Multisystem Syndrome Temporally Associated With SARS‑
CoV‑2. JAMA. 2020;324:259–69.

 14. Abrams JY, 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;5:323–31.

 15. Payne AB, et al. Incidence of Multisystem Inflammatory Syndrome in Chil‑
dren Among US Persons Infected With SARS‑CoV‑2. JAMA Netw Open. 
2021;4:e2116420–e2116420.

 16. WHO working group. Multisystem Inflammatory Syndrome in Children 
and Adolescents. World Health Organization; 2020. https:// www. who. int/ 
publi catio ns/i/ item/ multi system‑ infla mmato ry‑ syndr ome‑ in‑ child ren‑ 
and‑ adole scents‑ with‑ covid‑ 19htt ps.

 17. McCulloch M, et al. Peritoneal dialysis for treatment of acute kidney injury 
in a case of paediatric inflammatory multisystem syndrome temporally 
associated with SARS‑CoV‑2. Perit Dial Int. 2020;40:515–7.

 18. “EuroImmun ELISA IgG IFU.” Medizinische Labordiagnostika AG. 2020. 
https:// www. fda. gov/ media/ 137609/ downl oad.

 19. COVID‑19 Statistics. https:// corona‑ stats. mobi/ en/ ZA/ natio nal. php.
 20. Socio‑economic profile. City of Cape Town: Treasury Department; 2016. 

p. 6. Available at: https:// www. weste rncape. gov. za/ assets/ depar tments/ 
treas ury/ Docum ents/ Socio‑ econo mic‑ profi les/ 2016/ City‑ of‑ Cape‑ Town/ 
city_ of_ cape_ town_ 2016_ socio‑ econo mic_ profi le_ sep‑ lg. pdf.

 21. McCrindle BW, et al. Diagnosis, Treatment, and Long‑Term Management 
of Kawasaki Disease: A Scientific Statement for Health Professionals From 
the American Heart Association. Circulation. 2017;135:e927–99.

 22. Ravelli A, et al. Treating juvenile idiopathic arthritis to target: recommen‑
dations of an international task force. Ann Rheum Dis. 2018;77:819–28.

 23. MIS‑C is now a notifiable condition in South Africa. NICD; 2020. https:// 
www. nicd. ac. za/ mis‑c‑ is‑ now‑a‑ notifi able‑ condi tion‑ in‑ south‑ africa/.

 24. Reese H, et al. Estimated Incidence of Coronavirus Disease 2019 (COVID‑
19) Illness and Hospitalization—United States, February–September 
2020. Clin Infect Dis. 2020;72:e1010–7.

 25. Ouldali N, et al. Association of Intravenous Immunoglobulins Plus 
Methylprednisolone vs Immunoglobulins Alone With Course of Fever in 
Multisystem Inflammatory Syndrome in Children. JAMA. 2021. https:// doi. 
org/ 10. 1001/ jama. 2021. 0694.

 26. McArdle AJ, et al. Treatment of Multisystem Inflammatory Syndrome in 
Children. N Engl J Med. 2021;385:11–22.

 27. Son MBF, et al. Multisystem Inflammatory Syndrome in Children ‑ Initial 
Therapy and Outcomes. N Engl J Med. 2021;385:23–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19https
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19https
https://www.who.int/publications/i/item/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19https
https://www.fda.gov/media/137609/download
https://corona-stats.mobi/en/ZA/national.php
https://www.westerncape.gov.za/assets/departments/treasury/Documents/Socio-economic-profiles/2016/City-of-Cape-Town/city_of_cape_town_2016_socio-economic_profile_sep-lg.pdf
https://www.westerncape.gov.za/assets/departments/treasury/Documents/Socio-economic-profiles/2016/City-of-Cape-Town/city_of_cape_town_2016_socio-economic_profile_sep-lg.pdf
https://www.westerncape.gov.za/assets/departments/treasury/Documents/Socio-economic-profiles/2016/City-of-Cape-Town/city_of_cape_town_2016_socio-economic_profile_sep-lg.pdf
https://www.nicd.ac.za/mis-c-is-now-a-notifiable-condition-in-south-africa/
https://www.nicd.ac.za/mis-c-is-now-a-notifiable-condition-in-south-africa/
https://doi.org/10.1001/jama.2021.0694
https://doi.org/10.1001/jama.2021.0694

	The clinical features and estimated incidence of MIS-C in Cape Town, South Africa
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Participants
	MIS-C
	Healthy participants

	Statistical analysis

	Results
	Demographics
	Incidence
	Clinical features of MIS-C

	Discussion
	Acknowledgements
	References


