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Perspective

Introduction

While diagnosis and management of MIS-C1 has been 
reported from epicenters in Europe2 and USA,3 little is 
published about MIS-C diagnosis and management in 
Egypt and North Africa.

The noticeable difference of the MIS-C presentation 
versus Kawasaki Disease (KD)4 resides in the older 
age of presentation, intense form of inflammation, 
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Abstract
The global concern of increasing number of children presenting with multisystem inflammatory syndrome in children 
(MIS-C) related to the coronavirus disease (COVID-19) has escalated the need for a case-oriented clinical approach 
that provides timely diagnosis and management. The aim of this study is to share our experience in managing 64 
MIS-C patients of North African ethnicity guided by a risk-based algorithm. Sixty-four patients met the inclusion 
criteria, 19 (30%) patients were categorized as mild and moderate risk groups and cared for in an isolation ward and 
45 patients who belonged to the high-risk group (70%) were admitted to the pediatric intensive care unit (PICU). 
Positive laboratory evidence of COVID-19 was found in 62 patients. Fever and dysfunction in 2 or more organs 
were confirmed in all cases (100%). Fifty patients (78%) presented with gastrointestinal symptoms, meanwhile only 
10 patients (16%) had respiratory manifestations. Cardiac involvement was reported in 55 (86%) cases; hypotension 
and shock were found in 45 patients (70%) therein circulatory support and mechanical ventilations were needed for 
45 and 13 patients respectively. Intravenous immunoglobulins (IVIG) were used for all cases and methylprednisolone 
was used in 60 patients (94%). Fifty-eight (91%) patients were discharged home after an average of 9 days of 
hospitalization. The mortality rate was 9% (6 patients). Conclusion. A single Egyptian center experience in the 
management of MIS-C patients guided by a proposed bed side algorithm is described. The algorithm proved to be a 
helpful tool for first-line responders, and helped initiate early treatment with IVIG.
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more frequent gastrointestinal manifestations, different 
laboratory findings (eg, lymphopenia, thrombocytope-
nia, elevated troponin, N-terminal pro hormone B-type 
natriuretic peptide [NT-pro BNP], D-dimer, and ferri-
tin), and higher propensity towards left ventricular 
dysfunction with shock.5

Since management is not universally established, it is 
reasonable to consider MIS-C with its spectrum as a 
unique syndrome with a different treatment plan than 
that for KD.2

Objective

We describe the spectrum of clinical presentation and 
management for a cohort of children with MIS-C from 
the epicenter of COVID-19 in Cairo, Egypt. Our “first 
golden hours” algorithm is based on classifying patients 
at presentation into risk criteria.

Methods

We carried out a retrospective observational study of 
pediatric patients admitted to the Children Hospital of 
Ain Shams University, the tertiary epicenter for COVID-
19 in Central and Northern Metropolitan Cairo, Egypt 
between June 9th and August 18th, 2020. Patients were 
managed as guided by the proposed algorithm if they 
fulfilled the following criteria: (1) fever (≥38°C), (2) a 
history of prior infection or contact with a case of severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) or positive RT-PCR or serology, and (3) signs 
and symptoms of 2 or more organ system involvement. 
Since all cases presented during the pandemic with posi-
tive COVID-19 antigen and/or antibody with fever and 
positive inflammatory markers or lymphopenia, we 
determined that they represented the new MIS-C syn-
drome rather than KD or atypical KD.

Laboratory work-up included: SARS-CoV-2 infection 
status determination by reverse transcriptase–polymerase 
chain reaction (RT-PCR) of nasopharyngeal swabs, 
COVID-RT-PCR, IgG, and IgM, complete blood count 
(CBC), C-reactive protein (CRP), basic metabolic 
profile (BMP): (sodium [Na], potassium [k], alanine 
transaminase [ALT], aspartate aminotransferase [AST], 
blood urea nitrogen [BUN], and creatinine [Cr]), and 
Electrocardiogram (EKG) and Echocardiography (Echo) 
(using Philips EPIQ CVx Premium and Philips Portable 
Ultrasound CX50 MATRIX with Transesophageal 
Echocardiography).

Patients were discharged if initial laboratory results 
were within normal limits, with a plan for a 24-hour follow 
up if fever persisted or other symptoms developed. In cases 
of positive laboratory results, patients were classified into 

low, moderate, or severe risk groups, and admitted into 
COVID-19 suspect/positive zones (Figure 1).

The Low-risk Group

Children looking mildly ill, presenting with fever, and 
symptoms of ≥ 2 organs involvement, with stable vital 
signs and no signs of cardiac dysfunction or hemody-
namic instability.

The Moderate-risk Group

Ill-appearing children, with fever, symptoms of 2 or 
more organs involvement, and hemodynamically stable. 
Additional work-up includes a comprehensive meta-
bolic profile (CMP), venous blood gas (VBG), lactate, 
ferritin, procalcitonin, lactic dehydrogenase (LDH), 
fibrinogen, PT/PTT, urine analysis (UA), urine culture 
and sensitivity (UCX), blood culture (Bl.cx.). As needed, 
workup includes abdominal imaging, cytokine panel, 
etc. Since troponin and B-type natriuretic peptide are 
useful markers for myocardial involvement, we selected 
to perform troponin levels only due to limited financial 
resources while trying to allocate the majority of the 
budget towards the costly therapeutics used.

The Severe-risk Group

Severely ill, toxic-appearing children, with evidence of 
shock or cardiac dysfunction and hemodynamic insta-
bility. The same moderate-risk group work-up, and 
workup based on specified clinical indications should 
be done. IL-6, IL-1 and TNF levels6 to be obtained if 
no response to therapy is noted. ICU admission is indi-
cated for: persistent tachycardia, poor perfusion, hypo-
tension, or shock.

MIS-C Therapeutics

The cornerstone for our treatment of MIS-C was the 
early use of effective immunomodulatory therapy: 
Intravenous immunoglobulins (IVIG) and corticoste-
roids (Figure 2).7

Discharge of MIS-C patients was considered if 
patients were (1) afebrile ≥ 48 hours, (2) oxygen satura-
tion is ≥ 95% in room air, (3) tolerating oral intake (4) 
hemodynamically stable, with compensated cardiac 
function (with or without treatment) and (5) inflamma-
tory marker levels were trending down.

It is prudent to ensure a short and long-term follow-
up to these patients. Our patients were scheduled for fol-
low up with hematology, rheumatology and cardiology 
services 2 weeks after discharge.
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Ethical Approval and Informed 
Consent

The Ain Shams University ethics committee approved 
the study with a waiver of informed consent (FM-ASU 
P61/2020)

Results

Sixty-four patients (38 males; 26 females; median age of 
7 years) met the inclusion criteria and were included in 

the study. Patients were classified into 1 of 3 categories 
according to the severity of clinical picture and the 
results of laboratory findings.

Nineteen (30%) patients were categorized as the mild 
and moderate risk groups and cared for in an isolation 
ward while 45 patients were classified into the high-risk 
group and admitted to the pediatric intensive care unit 
(PICU). With the exception of 2 patients (both of whom 
had a positive family history of positive COVID-19 diag-
nosis), 62 patients had a positive evidence of COVID-
19 infection, as detected by different combinations of 

Figure 1. MIS-C management based on risk criteria.
Abbreviations: IVF, intravenous fluids; IV, intravenous; LDH, lactate dehydrogenase; CMP, comprehensive metabolic profile; PT, prothrombin 
time; PTT, partial thromboplastin time; CT, computed tomography.
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serological testing with a positive RT-PCR COVID-19. 
Fever was reported in 100% of the cases, followed by the 
presence of rash in 91% of the patients (58/64). 
Gastrointestinal manifestations, mainly abdominal pain, 
vomiting or diarrhea were noticeable in 78% (50/64) of 
the cases. A minority of patients, 4 cases (6%) presented 
with neurological symptoms (eg, seizures, headache or 
neck stiffness). Forty-five patients (70%) had symptoms 
and signs of shock. Thirteen patients (20%) required 
mechanical ventilation, with high frequency ventilation 
needed for 4 patients, while 9 patients were managed by 

conventional mechanical ventilation. Fifty-five patients 
had clinical and laboratory evidence of cardiac dysfunc-
tion, with some patients having more than one cardiac 
lesion on echocardiography. The variety of the echocar-
diographic findings including left ventricular dysfunc-
tion (LVD) in 22 patients, valvulitis in 35 patients, 
coronary artery changes in 20 patients and pericardial 
effusion in 7 patients. Echo was normal in 9 patients; all 
belonged to the mild group. Intravenous immunoglobu-
lins were used for all cases and corticosteroids were used 
in 60 patients (94%); treatment with anti-IL-6 receptor 

Figure 2. MIS-C therapeutics.
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antagonist was used for one patient. Prophylactic low 
molecular weight heparin was required for 52 patients 
(81%), while Aspirin was used for 35 (55%) cases. Fifty-
eight (91%) patients were discharged home after a mean 
hospital stay of 9 days.

In our case series, 18 patients had underlying 
comorbid conditions. The co-morbidities included the 
following conditions: systemic lupus erythematosus, 
polyarteritis nodosa, hemophagocytic lympho-histio-
cytosis, juvenile rheumatoid arthritis, acute lympho-
blastic leukemia, medulloblastoma, chronic kidney 
diseases, acute disseminated encephalomyelitis, Fehr’s 
syndrome, tetralogy of Fallot, gastrointestinal condi-
tions (1 patient had ileostomy and 1 patient had intesti-
nal tuberculosis), cystic fibrosis, diabetes mellitus, and 
Down syndrome. Six patients died (9%), 4 of them 
had severe underlying comorbidities. The 6 mortalities 
included: 1-month old neonate, a 3 months infant and 4 
patients with severe comorbid conditions (2 children 
had acute lymphoblastic leukemia, aged 12 and 14, a 
5-year old with medulloblastoma, and a 14-year-old 
patient with polyarteritis nodosa). Detailed demographic 
and clinical characteristics are outlined in Table 1.

We noticed a rapid progression of the clinical symp-
toms in some cases from the mild to the moderate/
severe cases requiring the use of 2 doses of IVIG  
(we started with 2 gm/kg, then in the last 2 patients,  
we used only 1 gm/kg due to the limited supply during 
the pandemic). Slower IVIG administration was con-
sidered in patients with myocardial dysfunction to 
decrease the risk of fluid overload. The regimen and 
dosing of IVIG are summarized in Figure 2. Other 
management strategies used are detailed in Figure 2 
and highlighted in the following points:

Decision about anticoagulation was based on the 
coagulation profile8 and clinical necessity. We specu-
lated in our algorithm that a prophylactic dose of low 
molecular weight heparin (LMWH) should be enough 
for moderate and high-risk groups when their D-dimer is 
equal to or above 1000 mg/ml. LMWH was stopped 
2 days before discharge while adding a low-dose aspirin 
that was continued for 4 to 6 weeks. The therapeutic 
dose of LMWH was used for only 1 patient with 
Systemic Lupus Erythematosus (SLE) with markedly 
elevated D-dimer (D-dimer was ≥ 3000 mg/ml).

Pediatric resuscitation guidelines were followed,9 
and shock was managed with very careful intravenous 
fluid resuscitation. Epinephrine or norepinephrine were 
preferred for vasodilatory shock refractory to volume 
expansion (due to ventricular dysfunction). In children 
presenting with severe ventricular dysfunction, the addi-
tion of milrinone was helpful in some cases.10

Sepsis management was started pending culture results 
using empiric IV antibiotics (eg, beta-lactam agents or 
cephalosporins) followed by adding vancomycin for 
MIS-C presenting with shock syndrome and septic shock. 
Clindamycin was used if there were features consistent 
with toxin-mediated illness (eg, erythroderma). This 
usage was modified based on culture results and the 
patient’s clinical response to therapy. Antibiotics were 
discontinued once bacterial infection had been excluded 
and the child’s clinical status had stabilized.11

Anti-cytokine therapy was considered for the evi-
dence of severe cytokine storm (eg, ≥3 times normal 
IL-6 values, markedly elevated ferritin, LDH and 
D-dimer levels), in the moderate and severe risk groups. 
This use was supported by most of the European 
studies.2,12 IL-6 receptor antagonists (IL-6Ra) were con-
sidered for use if symptoms persisted after the use of 2 
doses of IVIG and pulse steroids. Only 1 patient required 
such use after demonstrating significantly elevated IL-6, 
ferritin, LDH, and D-dimer.

Interleukin-1 receptor antagonist (IL-1Ra) has a short 
half-life (4-6 hours) when compared to the long half-life 
of anti-IL-6 receptor antagonists (~16 days) and can be 
used if further cytokine storm control is needed13;  
our decision to use IL-6Ra was based on availability. 
Notably, however, treatment with more than 1 biologic 
is not recommended, due to lack of additional benefit 
and risk of increasing adverse effects.14

The use of antiviral therapies (eg, Remdesivir) in the 
management of children with MIS-C is uncertain15 and 
thus was not included in the algorithm, due to a lack of 
studies proving safety and efficacy at that time.

Discussion

Due to the lack of standardized well-established treat-
ment protocols and for MIS-C and the relatively small 
number of reported cases from individual centers, we 
developed an algorithm for treating a series of 64 
Egyptian children who met the criteria for MIS-C asso-
ciated with SARS-CoV-2 infection.

Similar to the world’s reports of delayed presentation 
of MIS-C relative to the initial COVID-19 peak, the 
temporal relationship between the COVID-19 outbreak 
in Egypt and first case of MIS-C admitted to our center 
was in early June as Egypt experienced the surge in 
diagnosis of COVID-19 in early May 2020.16

The high number of cases reported from a single 
center spanning a 6-week period all belonged to low 
and middle-income families served in the university 
hospital setting, which fully covers the cost of admis-
sion and treatment. All patients belonged to the same 
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Table 1. Demographic, Clinical, and Selected Laboratory Characteristics.

Characteristics Patients no. (%)

Male sex—no. (%) 38 (59%)
Median age (range) 7 years (1 month-14 years)
Mild, moderate & severe risk groups—no. (%)
 High risk 45 (70)
 Mild & moderate risk—no (%) 19 (30)
Level of medical care—no. (%)
 Isolation ward 19 (30)
 PICU 45 (70)
  Mechanical ventilation 13 (20)
   Conventional 9 (14)
   HFV 4 (6)
  Vasopressor and inotropic support 45 (70)
Outcome—no. (%)
 Discharged alive 58 (91)
 Died 6 (9)
 Average length of hospital stay in days (range) 9 (4-46)
Clinical symptoms and signs—no. (%)
 Fever 64 (100)
  Median fever duration in days (IQR) 5 (3-10)
 Rash 58 (91)
 Skin desquamation 35 (55)
 Conjunctivitis 39 (61)
 Gastrointestinal manifestations 50 (78)
 Neurologic manifestations 4 (6)
 Respiratory manifestations 10 (15)
 Cardiac manifestations 55 (86)
 Shock at presentation 45 (70)
Underlying conditions—no. (%)
 Previously healthy 46 (72)
 Comorbidities—no. 18 (28)
  Rheumatological diseases 5
  Renal disease 1
  Cystic fibrosis 1
  Neurological diseases 2
  Malignancy 3
  Gastrointestinal disorders 2
  Cardiac diseases 1
  Diabetes mellitus 2
  Down syndrome 1
Diagnostic modality of SARS-COV-2—no. (%)
 Laboratory negative (+ve contacts) 2 (3)
 Laboratory positive patients 62 (97)
  Positive RT-PCR 39/62
  Positive IgG 50/62
  Positive IgM 17/62
Significant laboratory abnormalities—no. (%)
 High CRP 64 (100%)
 Hyperferritinemia 60 (94)
 Elevated D-dimer 52 (81)
 High troponin 40 (63)

(continued)
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Characteristics Patients no. (%)

 Lymphopenia 45 (70)
 Thrombocytopenia 5 (8)
 Thrombocytosis 0
Echocardiographic findings—no. 64
 Normal 9 (14%)
 Abnormal 55 (86%)
  LVD 22/55
  Valvulitis 35/55
  Coronary artery changes 20/55
  Pericardial effusion 7/55
Treatment modalities—no. (%)
 Intravenous immunoglobulins 64 (100)
 Methylprednisolone 60 (94)
 Anticoagulant therapya 52 (81)
 Aspirin 35 (55)
 IL-6 receptor antagonist 1

Abbreviations: HFV, High frequency ventilation; IQR, Interquartile range; CRP, C-reactive protein; LVD, left ventricular dysfunction.
aConsidered for elevated D-dimer: more than double normal level.

Table 1. (continued)

ethnic Egyptian ancestry; essentially described as North 
Africans, a finding also in other registries,2,7 which 
seems to suggest either the presence of differences in 
the sequences of SARS-CoV-2 in various geographic 
locations17 or a possible genetic susceptibility as com-
pared to KD.5

The median age of our patient registry is close to that 
of the Italian case registry reported by Verdoni et al,20 
with a male predominance and no clear explanation 
other than a possible genetic predisposition, or increased 
exposure due to a male predominance in outdoor activi-
ties and chores for boys in lower income families.

In contrast to some studies from Europe and the USA 
that reported lower co-morbid conditions,7,18 in our 
patients, 47 (73%) were previously healthy, and 17 
patients (27%) had significantly severe comorbid 
conditions.

The time from infection to onset of MIS-C symptoms 
varied widely, and many of our patients could not 
remember the exact timing of onset of symptoms, with 
most of the patients not recalling any antecedent 
symptoms, a common global finding.13,19 Regarding 
COVID-19 status, we reported a positive RT-PCR for 
SARS-CoV-2 in 39 (61%) of the patients, which is found 
to be slightly higher than most of the reports where 
SARS-CoV-2 positivity varied between 20% and 53% 
for patients admitted with MIS-C.7,20

Positive IgG antibodies were found in 78% (50/64) 
of patients, a figure similar to the 75% to 100% reported 
by the Italian study of Verdoni et al,20 which suggested a 

possible postinfectious immune response responsible 
for MIS-C.21

Similar to previous findings that gastrointestinal 
symptoms are prevalent in around 70% of patients,5 our 
patients showed a percentage of 78%. Our MIS-C patients 
had a relatively low incidence of respiratory system 
involvement of (10%) than most reported findings.22

A large cross-sectional study which included children 
positive for COVID-19 showed a requirement for inva-
sive ventilation in 38% of their cases (18 out of 48 chil-
dren)23 In our cases, we only resorted to mechanical 
ventilation in 13 cases out of 64 (20%). We speculate 
that this difference may be related to our early use of the 
immunomodulatory therapy.

Forty-five cases (70%) in our series presented with 
severe illness: shock requiring IV fluids and/or vasoac-
tive drugs and ICU admission, a much higher figure than 
that reported from the early Canadian study of only 52% 
PICU admission.24 We suspect that this increased degree 
of severity was due to late presentation of patients, and 
likely contributed to the observed mortality.

To date, other multiple case series published in eastern 
US, Italy, UK, and France documented a comparatively 
lower cumulative percentage of IVIG use of 75% and 
steroid use in 59% of their case registries.5 We managed 
our patients according to the algorithm by early use of 
immunomodulatory therapy: IVIG and high dose ste-
roids that were used in 100% & 94% of cases, respec-
tively. Steroids were used most frequently in patients with 
severe clinical presentations, as reported by Elias et al,25 
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and 64% of respondents of the International Kawasaki 
Disease Registry (IKDR) across 38 institutions and 11 
countries. Riphagen et al7 also stated that steroids play 
an essential role in controlling the inflammatory state 
related to the increased cytokines. Our MIS-C patients 
had signs and symptoms of an inflammatory state and 
we believe that steroids played an essential role for those 
who recovered.

Although most of the respondents of the International 
Kawasaki Disease Registry (IKDR) across 38 institu-
tions and 11 countries reported a preference of IL-1Ra  
(58%) and TNF-a inhibitor (28%)25 use as compared to 
IL-6Ra (8%), in our case series we resorted to the use of 
IL-6Ra in one patient due to the availability of the drug 
as well as the markedly elevated level of IL-6.

We used the prophylactic dose of LMWH for the 
moderate and severe risk groups since children with 
MIS-C are at risk of thrombotic complications, endo-
thelial damage, and coronary artery aneurysms. Low 
molecular weight heparin was used for 81% of the mod-
erate and high-risk patients. Although only about one-
third of the respondents in the survey of the IKDR25 
supported its use, we anticipate that its use may posi-
tively influence the long-term coronary and myocardial 
consequences.

Cardiac involvement in our patients, as detected by 
EKG and Echocardiography, was present in 86% of the 
cases (55/64), which is higher than most reported stud-
ies,5 with considerable noticeable valvulitis.

Although mortality rate from other multicenter stud-
ies reported a lower percentage of 3%,26 we believe that 
the mortality in our study (9%) could have been lowered 
had we used ECMO which is not yet available at our 
facility. Additionally, we believe that the high rate of 
comorbid conditions may have contributed to our mor-
tality rate. However, since all parents refused a postmor-
tem examination, the contribution of the pre-existing 
conditions to the increased mortality rate could not be 
evaluated.

The limitations of this study reside in being a single-
center, retrospective study, with a lack of access to some 
resources, such as ECMO.

Conclusion

This algorithm, used and developed at the Children’s 
Hospital of Ain Shams University, Cairo, Egypt for 64 
MIS-C patients, provides healthcare workers with bed-
side evaluation and management guide for children with 
COVID-19-associated MIS-C, however it should not 
supersede clinical judgement if other treatment/measures 
are deemed necessary, and should be used in conjunction 
with other developed algorithms and methodology.
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