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Summary

Background Multisystemic inflammatory syndrome in children (MIS-C) has increasingly been documented globally
with the progression of the COVID-19 pandemic and a significant proportion of cases have been noted in children of
Black descent. There has been a noticeable discrepancy in the presentation and outcomes of COVID-19 infection in
sub-Saharan Africa compared to the rest of the world. We documented the demography, clinical features, laboratory
and imaging findings, therapeutic management, and short-term outcomes of paediatric patients with MIS-C diag-
nosed during the COVID-19 pandemic in Lagos, Nigeria.

Methods We carried out a retrospective review of MIS-C cases seen in nine public and private hospitals in Lagos
from July 10, 2020 to July 30, 2021. Data on clinical presentation, laboratory investigations, therapy as well as out-
comes at 2 weeks, 6 weeks, 3 months and 6 months were analyzed.

Findings 28 children and adolescents with median age of 75 (IQR 2-3 - 9-4) years were diagnosed with MIS-C. MIS-
C was suspected in 24 patients (85-7%) at initial clinical evaluation and mucocutaneous, gastrointestinal and cardio-
vascular manifestations were identified in 75-0%, 71-4% and 89-3% of patients respectively. Acute kidney injury and
aseptic meningitis were noted in 32-1% and 17-9% of patients respectively. Cardiac manifestations at presentation
included coronary dilatation and pericardial effusion in 46-4% each, ventricular dysfunction (32-1%), atrioventricu-
lar valve regurgitation (25-0%), prolonged QTc interval (40-0%) and first-degree atrioventricular block (16-0%).
Therapy included aspirin in 89-3%, steroids in 75-0% and intravenous immunoglobulin (IVIG) infusion in 60-7%.
All patients survived and were discharged after a mean of 11-14 (SD 5-65) days. Frequency of coronary dilatation had
reduced from 46-4% to 77-1% by 3 months follow up and prolonged QTc interval persisted until the 6 week follow up
in 4.5% of patients. Echocardiogram and electrocardiogram findings were normal in all patients assessed at 6
months follow up.

Interpretation MIS-C is an important diagnosis in children presenting with prolonged fever during the COVID-19
pandemic. Cardiovascular manifestations occurred in several children with MIS-C and improved by 6 months follow
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up. Early diagnosis and prompt institution of a combination of antiplatelet therapy, steroids and IVIG appear to be

beneficial.
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Research in context

Evidence before this study

There is a myriad of clinical, laboratory and imaging find-
ings of multisystemic inflammatory syndrome in children
(MIS-C) and treatment strategies are varied. Cardiovascu-
lar findings are key manifestations of this disease and fol-
low up is usually to exclude cardiac complications.
Coronary dilatation may be a presenting feature; may
persist beyond the acute phase of the illness and dura-
tion of required follow up is unclear. We searched
PubMed for articles published between Feb 1, 2020 and
Dec 31, 2021 using search terms “multisystemic inflam-
matory syndrome”, “Kawasaki disease”, “coronary abnor-
malities”, “COVID-19 sequelae”, “MIS-C manifestations in
organ systems” and “MIS-C treatment”.

Added value of this study

This study shows the varied manifestations of MIS-C in a
native Black African population including cardiac mani-
festations, the utility of readily accessible investigations,
the available and affordable therapy in this environ-
ment and also documents short term outcome data of
patients up to six months post-acute illness.

Implications of all the available evidence

The findings of this study support the need to consider
this diagnosis in children presenting with a plethora of
clinical manifestations. Current global guidelines for
diagnosis, treatment and follow up may be challenging
in resource constrained settings; and information from
this study may guide establishment of local protocols in
environments like ours where comprehensive health
care is still largely poorly accessible. Prospective follow
up studies to document long term outcomes in patients
with MIS-C are essential.

Introduction

Multisystemic inflammatory syndrome in children
(MIS-C) is a debilitating and potentially fatal illness
manifesting commonly with a cytokine storm that
causes widespread multi organ involvement." The

features of MIS-C include fever, gastrointestinal symp-
toms, rash, conjunctivitis, cardiac and renal dysfunc-
tion, shock and coagulopathy; severe enough to require
treatment in the intensive care unit.” There has been a
notable upsurge in MIS-C cases globally since the onset
of the COVID-19 pandemic and a temporal association
between both entities has been hypothesised.” Since the
report of the first case of COVID-19 infection in Nigeria
in February 2020, there have been 250,000 confirmed
cases of the disease and 3,000 deaths documented as of
Jan 12, 2022. Lagos, one of the 36 states in Nigeria; is in
the southwestern part of the country. The city is home
to about one tenth of the country’s populace but
accounts for 40% of the total cases of COVID-19 and up
to 25% of attributable deaths documented nationwide.?
The asymptomatic or minimally symptomatic nature
of COVID-19 in children has been previously reported.*
An early report of a Kawasaki disease-like toxic shock
syndrome (TSS) documented among children present-
ing at a hospital in the United Kingdom' drew attention
to the deleterious effect of this viral disease even in pre-
viously well children. One of the earliest reports of
severe Kawasaki-like disease from Bergamo Italy, which
was one of the epicentres of the COVID-19 pandemic
globally, documented up to a 3o-fold increase in the
incidence of Kawasaki-like disease. This increase
occurred within a month of the COVID-19 epidemic
and progressed exponentially compared to the 5 years
preceding the pandemic.” MIS-C as a clinical entity was
first described as paediatric multisystem inflammatory
syndrome temporally associated with COVID-19 (PIMS-
TS) by the Royal College of Paediatrics and Child Health
(RCPCH)® and it has now been termed MIS-C by the
Centres for Disease Control and Prevention (CDC) and
the World Health Organization (WHO) with similar cri-
teria put forward to define cases of the syndrome.””*
MIS-C has been associated with the COVID-19 infec-
tion and has been noted to occur in children about two to
four weeks after the onset of the COVID-19 infection."**
From previous reports, up to a third to three quarter of
cases of MIS-C have been noted in children of Black
descent 9" and there may likely be a genetic predilec-
tion for the occurrence of this disease entity in children
of Black ethnicity as reported in a French series.”
Although the pathogenesis of hyperinflammation which
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typifies MIS-C is largely unknown, a postinfectious
immune activation has been hypothesised as well as a
direct effect of SARS—CoV-2 spike protein structure on
immune activation.”™ Evidence of immune response to
the virus has been noted in older children with a higher
rate of cardiac involvement.’

The clinical presentation of MIS-C mirrors that of
Kawasaki disease (KD) and presents with features of
TSS in some children. Both KD and TSS are important
differential diagnoses in any child presenting with fea-
tures of MIS-C and these three entities have been com-
pared previously." The earliest definition of MIS-C
issued by WHO includes clinical and laboratory fea-
tures, with evidence of COVID-19, or likely contact with
a person who has or has had COVID-19 infection.”

The first report of MIS-C associated with COVID-19
infection was in the United Kingdom where eight cases
were documented among previously fit and well chil-
dren’, and subsequently, there have been several reports
from other regions including the United States, Europe
and Africa.'®">'®"7 There have however been fewer
reports of MIS-C from Asia which is known to be the
hub of typical KD globally and several reasons have been
postulated.®"® A case of MIS-C was reported in a 12-
year-old Nigerian child and called for more vigilance on
the part of health care providers in Africa.”*®

Given that the pandemic peaked later in sub-Saharan
Africa compared to Europe and America, it is expected that
the occurrence of MIS-C was also later in this African pop-
ulation. There is a need to document the occurrence and
spectrum of presentation of this syndrome in native black
regions especially Nigeria, which is the most populous
black African nation; this will provide key data on MIS-C
in children of African ancestry. The Nigerian population,
like most other parts of Africa has received a less severe del-
eterious effect of the pandemic than Europe and America.
It may thus be logical to extrapolate that post infectious
sequelae such as MIS-C may likewise be a less significant
cause of morbidity and mortality among the Nigerian pae-
diatric population; however, this may not be the case.

Follow up data is also essential to aid the establish-
ment of guidelines for evidence based, meticulous, yet
cost effective post hospitalization care of paediatric
patients who have suffered this disease in resource lim-
ited settings. To the best of our knowledge, this report is
the first cluster series and analysis of cases document-
ing MIS-C among Nigerian children collated from
health care facilities managing paediatric patients in the
metropolitan city of Lagos; the epicentre of the COVID
-19 pandemic in Nigeria.

Methods

Study design and participants
This was a retrospective case series which included all
cases of MIS-C reported by a total of nine consenting

www.thelancet.com Vol 49 Month July, 2022

participating institutions in Lagos, Nigeria between July
10, 2020 and July 30, 2021. All cases were defined using
WHO criteria as previously described.” The study was
conducted in Lagos, the commercial capital of Nigeria
which remains the epicentre of COVID-19 infection in
the country. Ethical approval was obtained from the
Health Research and Ethics Committee of the Lagos
University Teaching Hospital, Idi Araba, one of the
major teaching hospitals in Nigeria which served as the
co-ordinating centre for data collection, collation and
analysis of cases seen in participating institutions. Con-
sent to publish forms were completed by parents/guard-
ians of participants whose photographs were used in the
publication according to the Declaration of Helsinki for
clinical research.

Procedures

Data was formally requested by invited survey from pri-
vate and public hospitals that manage paediatric
patients in the Lagos Metropolis, and all participating
institutions were requested to sign a consent form to
participate. Two public and seven private hospitals
responded to the request and sent in data of patients
treated for MIS-C during the specified study period.
After obtaining permission from the medical director
and/or other relevant authorities within the participat-
ing institution, information was obtained from the
managing paediatrician directly caring for these
patients. All institutions who gave consent to participate
were required to submit anonymous data of patients
using appropriately filled WHO and/or CDC case report
forms®"** or medical records of patients diagnosed with
MIS-C for review; and formal documentation was done
by an appointed data manager at the co-ordinating insti-
tution. The case report forms included relevant bio data,
clinical history and symptoms, clinical signs, duration
from symptom onset to hospital admission in the partic-
ipating centre, investigation findings (laboratory and
imaging), treatment regimens and patient outcomes. In
all cases, MIS-C was suspected by the attending paedia-
trician, necessitating a cardiology and/or infectious dis-
ease or respiratory medicine consult after which the
diagnosis was established.

Outcomes

Study outcomes included clinical and laboratory data,
cardiac findings, therapeutic measures, and patient out-
comes. Follow up was scheduled for all participants at 2
weeks and 4-6 weeks after diagnosis. The decision to fol-
low up at 3 months and 6 months was determined by the
outcomes of the two previous echocardiograms and elec-
trocardiograms. Follow up was discontinued if clinical
and imaging findings were normal by the 6 week follow
up visit. Available follow up clinical, electrocardiographic
and echocardiography data as well as clinical and
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Figure 1. Frequency distribution of cases of MIS-C by month from July 2020 to July 2021.

imaging photographs were also obtained. Abnormal
echocardiography findings were defined as previously
documented.”® Left ventricular (LV) dysfunction was
defined as LV ejection fraction <55% and/or fractional
shortening <28%; right ventricular dysfunction was
defined as Tricuspid annular plane systolic excursion
(TAPSE) < 2SD of expected; coronary artery dilatation
was defined as coronary artery z score >+2.5; moderate
atrioventricular valve regurgitation was characterised by
vena contracta >o.3cm; pulmonary hypertension was
defined by tricuspid regurgitant gradient >25.ommHg,
diastolic dysfunction was defined and graded using E/A
ratios across the atrioventricular valves. Abnormal ECG
findings were defined as previously documented.** PR
interval > 200msecs was defined as first degree atrioven-
tricular block and prolonged QTc was defined as QTc
interval >440msecs. All case report forms had no means
of patient identification. All relevant clinical photographs
were accompanied by a signed informed consent from
the parent/guardian of the participant.

Statistical analysis

Data was analysed using the Statistical Package for the
Social Sciences (SPSS) SPSS v25 (SPSS, Chicago, IL,
USA). Patients’ characteristics were described using
mean, median, ranges and percentages as appropriate.
Frequency data were computed using percentages for cat-
egorical data and other data represented using figures.

Role of the funding source

There was no funding source for this study. OS, YA,
GO, OK, UQ, EO, EI, OA, EO, OA, ML, EE and CO had
full access to the data and were responsible for the deci-
sion to submit for publication.

Results

Sociodemographic findings

A total of 28 patients with features of MIS-C from nine
participating institutions who responded to the invited
survey were enrolled into the study. The frequency of
cases categorised by month is shown in Figure 1.

Three of the private hospitals had the capacity to
offer tertiary level care and the two public owned hospi-
tals were teaching hospitals. The mean age (SD) of
patients was 6-77+ 4-2 years (range of six weeks to 13
years) with a male female ratio of 1-55:1. The age group
of patients were as follows: < 1 year (10-7%), 1 to 5 years
(28-6%), 6 to 10 years (39-3%), 10 to 13 years (21-:4%).

Diagnosis

MIS-C was suspected in 85-7% of cases at initial clinical
evaluation in the participating health institutions,
although all patients had been previously treated in at
least one health facility prior to referral. Previous treat-
ments received included administration of antibiotics,
antimalarials and/or antivirals, transfusion of blood and
blood products, correction of electrolyte derangements,
inotropic support, and conservative management
according to diagnoses indicated in Figure 2.

Preceding COVID-19 infection

About half of enrolled participants in this study (42-8%)
had a previous history of COVID-19 infection in the pre-
ceding 6 weeks; and there was evidence of antibodies to
the SARS- CoV 2 virus in about one third of patients
(28:5%) while about two third of patients (60-7%) had
negative SARS-CoV 2 polymerase chain reaction (PCR)
tests at presentation. Previous COVID-19 exposure
could not be verified in 46-4% of study participants.
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Figure 2. Figure showing the previous diagnoses made in referring hospitals prior to the diagnosis of MIS-C in the participating

health institutions. MODS: Multiple Organ Dysfunction Syndrome.

Clinical presentation
Systemic manifestations and the frequency of affected
systems is summarised in Table 1.

Fever. The most common presentation was fever which
was universal in all patients with an average maximum
temperature (T max) of 39-4 + o-7 °C. The mean (SD)
duration of fever was 11-6 + 5-7 days (range 7 to 33 days).

Hematologic. Hematologic manifestations included
anaemia (60-7%), thrombocytopenia (21-4%) and
thrombocytosis (78-6%).

Dermatologic/Mucocutaneous. Mucocutaneous lesions
were one of the most common presenting features and
were seen in up to 89-3% of enrolled participants. These
mucocutaneous lesions include oral lesions such as ulcers,
cheilosis, oral erythema and strawberry tongue shown in

Systemic manifestation Frequency (%)

Hematologic 89-3
Mucocutaneous/Dermatologic 89-3
Gastrointestinal 75-0
Cardiovascular 71-4
Musculoskeletal 67-9
Respiratory 60-7
Neurologic 3241
Renal 321

Table 1: Frequency of systemic manifestations of MIS-C in study
participants.
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Figure 3a; non-suppurative conjunctivitis seen in 89-3%
as shown in Figure 3b and pharyngitis seen in 39-3%.
Generalised polymorphous rash seen in 21 patients
(75:0%) included desquamating rash in 23 patients
(82:1%) shown in Figure 3c; and ten patients (35-7%)
reported a transient erythematous rash also shown in
Figure 3d and e. Palmar and plantar erythema which
occurred in 775-0% of children is shown in Figure 3f; and
82:1% of the children experienced desquamation of the
palms and soles about one to two weeks into the illness.

Gastrointestinal. Vomiting and diarrhoea were reported
in 21 patients (75-0%). Nineteen of 28 patients had
abdominal pain and hepatomegaly was documented in
67-9% of patients. Acute liver failure manifesting as
jaundice with transaminitis occurred in five patients

(17-9%).

Cardiovascular. Cardiovascular manifestations were
seen in 71-4% of patients. These included peripheral
oedema (60-7%), heart failure (57-1%), pericarditis
(46-4%) and hypertension (14-3%).

Shock. Four children (14-2%) presented with features
of septic shock; one of whom was admitted in the inten-
sive care unit of the managing hospital, intubated, and
mechanically ventilated for about 72 hours while three
patients were monitored in the high dependency unit
requiring continuous monitoring and high flow oxygen
supplementation with or without continuous positive
airway pressure (CPAP). In three patients, due to non-
accessibility of ICU services primarily because of lack of
funds; these children were nursed in the general ward
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Figure 3. (a) — (f): Mucocutaneous manifestations of MIS-C. (a) oral ulcers and sores (b) non suppurative conjunctivitis; (c) Gener-
alized maculopapular desqaumating rash; (d) and (e) Transient erythematous rash; (f) plantar erythema and edema.

with close monitoring as much as possible after the
parents and caregivers had been counselled about the
risk of deterioration in the absence of continuous moni-
toring and the possible need for resuscitation with lim-
ited facilities in an open ward.

Musculoskeletal. Eight children (28-6%) reported neck
pain either in isolation or in combination with neuro-
logical features and 19 patients (67-9%) reported myal-
gia and arthralgia.

Respiratory. Cough and shortness of breath were docu-
mented in 53-6 % and 50-0% of study participants
respectively and 28-6% of participants complained of
chest pain. Half of the patients (50-0%) had clinical
and/or radiologic features of pneumonia and two
patients had radiological features of acute respiratory
distress syndrome: one requiring continuous positive
airway pressure (CPAP) ventilation and another requir-
ing mechanical ventilation. Pleural effusion was seen in

12 patients (42-9%), pulmonary oedema occurred in 2
patients (7-1%) and atelectasis in one patient.

Neurological. Headache was a presenting symptom in
50-0% of patients. Five patients (17-9%) presented as
aseptic meningitis. Three patients (10-7%) presented
with features of meningoencephalitis including photo-
phobia with neck stiffness and an altered mental state.
One of the children developed cranial nerve VI palsy
manifesting as diplopia and a squint which persisted
for about ten days despite normal brain imaging but
resolved remarkably following commencement of anti-
inflammatory medications.

Renal. Ten patients (35-7%) presented with history of
passage of dark urine. Acute kidney injury presenting
as oliguria with proteinuria and /or haematuria
occurred in nine patients (32:1%). Oliguria and haema-
turia were seen in 32:1% and 28-6% respectively,

www.thelancet.com Vol 49 Month July, 2022
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dysuria in 17-9%, periorbital oedema in 60-7%, and
ascites in 39-2%.

Cervical lymphadenopathy. Significant unilateral cervi-
cal lymphadenopathy was documented in 67-9% of par-
ticipants.

Laboratory investigations

All patients had full blood counts, renal function tests
and at least one acute phase reactant assay done. Nine-
teen patients (67-9%) had liver function tests done, and
three patients (10-7%) had coagulation profile assay
done. Urinalysis and urine microscopy, culture and sen-
sitivity (mcs) results were reported in 20 (71-4%) and 17
(60-7%) of patients respectively. Other laboratory tests
carried out to rule out alternative diagnoses included
blood culture in 20 (71-4%) participants; viral markers
such as hepatitis B surface antigen (HbsAg) and anti-
hepatitis C antibody (anti HCV) in eight (28.6%)
patients respectively; and Human immunodeficiency
virus (HIV I and II) in 13 (46-4%) study participants.
Thrombocytosis was noted in 100% of children whose
illness duration had exceeded one week prior to presen-
tation. Thrombocytosis was noted at an average (SD) of
14-3 £ 4.7 days from the first day of the illness (range 7
to 22 days). Electrolytes, urea and creatinine were nor-
mal in 42.9%. D dimer was elevated in all of five
patients assayed (range: 5-o-10-omg/dl); Ferritin was
elevated in one of two patients assayed and lactate dehy-
drogenase (LDH) was elevated in the only patient
assayed. Viral markers were negative in all patients
tested and blood culture showed no growth in 18 out of
20 patients who were sampled. Moderate growth of Aci-
netobacter baumani was cultured in one patient who had
been hospitalised for about one month prior to presen-
tation and sparse growth of Staphylococcus haemolyticus
which was reported as a possible contaminant was cul-
tured in another patient. Urine mcs was positive for
Candida spp and Klebsiella pneumonige in one patient
each. Laboratory parameters of study participants are
shown in Table 2.

Imaging

Chest radiographs were done in 67-9% of patients and
the most common findings included pleural effusion,
cardiomegaly and lung consolidation. Pneumonic
changes were seen in 36-8% of these patients, cardio-
megaly in 26-3%, interstitial pneumonitis in 10-5% and
atelectasis and pulmonary oedema in one patient each.
Pleural effusion was seen in 12 patients (42-9%) which
was bilateral in seven and left sided in five out of 12
patients respectively. Chest computerised tomography
(CT) scan was carried out in four patients; three of
whom showed evidence of consolidation. Abdomino
-pelvic ultrasound scan carried out in 15 patients
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(53-6%) showed evidence of ascites and hepatomegaly
in six patients, splenomegaly in two patients, renome-
galy with at least grade two renal parenchymal disease
in two patients and mesenteric adenitis in one patient
respectively.

Cardiac investigations at presentation

All patients had an echocardiogram; and 89-3% had an
electrocardiogram (ECG) at the time of diagnosis. Echo-
cardiographic findings at presentation included coro-
nary dilatation and pericardial effusion in 46-4% of
patients respectively; ventricular dysfunction in 32-1%;
at least moderate atrioventricular valve regurgitation in
25-0%; pulmonary hypertension in 21-4% and left ven-
tricular hypertrophy in 10-7% of participants, some of
which are shown in Figure 5. All patients with ventricu-
lar dysfunction had coronary abnormalities as well. Left
coronary artery dilatation was 1-22 times more fre-
quently seen than right coronary artery dilatation. The
average coronary artery z score of participants at presen-
tation was + 3-9. Left ventricular systolic and diastolic
dysfunction occurred in 32-1% and 39-3% of study par-
ticipants respectively, while right ventricular systolic
and diastolic dysfunction occurred in 21-4% and 25-0 %
of study participants respectively. The mean (SD) left
ventricular ejection fraction (LVEF) was 59-2 + 11-8%
and mean (SD) left ventricular fractional shortening
was 311 + 77-5%. ECG findings at presentation included
prolonged QTc interval in 40-0% of patients; first
degree atrioventricular block in 16-0%; evidence of myo-
cardial ischaemia in 8-0% and complete right bundle
branch block in 8-0% of patients.

Treatment

All patients were diagnosed and treated on in-patient
basis. Therapeutic agents used are shown in Figure 5.
High dose aspirin was given at 30-6omg/kg/day in four
divided doses for five to seven days then reduced to low
dose Aspirin (3-5mg/kg daily as a single dose) for at least
6 weeks. Prednisolone was given at 1-2mg/kg daily as a
single dose (up to a maximum of 6omg daily) for five to
seven days and tapered down over the next one week;
intravenous Methylprednisolone was given at a dose of
1omg/kg for two days followed by oral Prednisolone at a
dose as stated above and intravenous immunoglobulin
(IVIG) was administered as an infusion at a dose of 1-
2g/kg over 12 to 24 hours and after a test dose. All
patients received intravenous Omeprazole for gastric
protection during therapy with high dose steroids and
Aspirin. Recommended treatment regimen for all
patients was a combination of anti-platelet, steroids,
and immunoglobulin. Aspirin and steroids were readily
available to all patients; but aspirin was not adminis-
tered in three patients due to presence of thrombocyto-
penia or previous history of aspirin allergy. In one
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Parameters

Values

Acute phase reactants

Mean CRP (mg/L) (n = 25)

Elevated CRP n/N (%)

Mean ESR (mm in the 1st hour) (n = 26)
Elevated ESR n/N (%)

Mean Procalcitonin (ng/ml) (n = 6)
Elevated procalcitonin n (%)

Mean D-dimer (mg/dl)

Elevated D-dimer (>0.5 mg/L) n/N (%)
Mean Ferritin (ug/L) (n = 2)

Elevated Ferritin (>300ug/L) n/N (%)
Electrolytes Urea and Creatinine
Hyponatremia (<135mmol/L) n/ N (%)
Hypokalaemia (<3.5mmol/L) n/N (%)
Uraemia n/ N (%)

Elevated creatinine n/ N (%)
Haemogram

Mean total leucocyte count (/ul)
Leucocytosis (>11,000/uL) n/ N (%)
Mean Neutrophil differential (%)
Neutrophilia (>60%)

Mean platelet count (x 10°/uL)
Thrombocytosis at presentation (>400 x 10%/uL) n/N (%)
Thrombocytopaenia at presentation (>150 x 10°/uL) n/N (%)
Anaemia (Hb <10.0g/dl) n (%)

Liver function tests

Deranged liver enzymes n/N (%)
Mean SGOT (IU/L)

Elevated SGOT n/N (%)

Mean SGPT (IU/L)

Elevated SGPT n/N (%)

Mean GGT (IU/L)

Elevated GGT n/N (%)

Mean ALP (IU/L)

Elevated ALP n/N (%)

Mean serum total protein (g/L)
Hypoproteinaemia (< 60.0g/L)

Mean serum albumin (g/L)
Hypoalbuminemia (<30.0g/L)

Mean total bilirubin (itmol/L)

Mean indirect bilirubin (umol/L)
Hyperbilirubinemia n/N (%)

Urinalysis

Proteinuria n/N (%)

Pyuria n/N (%)

Haematuria n/N (%)

Bilirubinuria n/N (%)

Ketonuria n/N (%)

142-1 £ 87-8 (range: 3-2 to 350-3)
24/25 (96-0)

62-3134-8 (range: 24-0 to 143-0)
26/26 (100.0)

4.2+4.9 (range: 0-1 to 11-6)

3/6 (50-0)

4-143-6 (range: 5-0-10-0)
5/5(100-0)

307-3 (range:177-2-437-4)

1/2 (50-0)

9/28 (32-1)
7/28 (25-0)
9/28 (32-1)
9/28 (32-1)
25,234 (range 5,900-55,000)
26/28 (92.9)

77-5 (range of 61-0 to 95-0).
28/28 (100)

581 (range of 218 to 1,200)
20/28 (78-6)

6/28 (21-4)

17/28 (60-7)

16/19 (84-2)

120-8 (range of 12 to 757)
8/19 (42.9)

77-6 (range of 10 to 391)
8/19 (42.9)

103-5 (range of 18 to 528)
8/19 (42.9)

148-2 (range of 68 to 569)
1/19 (5-3)

58-0 & 10-2 (range: 36-7 to 80-0)
11/19 (57-9)

30-2 + 6-5 (range: 21 to 49-6)
11/19 (57.9)

231 (range: 2-0 to 166-7)
10-2 (range: 2-0 to 166-7)
3/19(15-8)

10/20 (50-0)
8/20 (40-0
5/20(25-0
2/20(10-0

)
)
)
2/20 (10-0)

Table 2: Laboratory parameters of study participants.

patient, high dose aspirin was commenced but withheld
after 48 hours on account of significant upper gastroin-
testinal bleeding manifesting as hematemesis and

melena. Administration of IVIG was

determined by the ability of caregivers to procure the
medication which was very expensive and not readily
available. Supportive therapy included oxygen, inotropic
support with intravenous Dobutamine infusion for at
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Figure 4. Echocardiographic findings in MIS-C at diagnosis (upper row) and four days after administration of intravenous immuno-
globulin (lower row) in the same patient. Upper row (left to right): moderate atrioventricular valve regurgitation (white star); dilated
left main coronary artery (red arrow); and left ventricular systolic function [Ejection fraction {EF} of 45% and fractional shortening
{FS} of 22%)] (highlighted in blue rectangle) . Lower row (left to right): trace atrioventricular valve regurgitation (white star); dilated
left main coronary artery (red arrow); and improved left ventricular systolic function [Ejection fraction {EF} of 58% and fractional
shortening {FS} 30%] (highlighted in blue rectangle).

least 48 hours, mechanical ventilation, diuretic therapy  clinical improvement prior to diagnosis of MIS-C and
with intravenous frusemide and oral spironolactone;  these antibiotics included single medication or com-
and blood transfusion. Most patient had received atleast ~ bined therapy using Ceftriaxone (25-0%), Levofloxacin
a five day course of intravenous antibiotics without  (21.4%), Amikacin (14-3%), Vancomycin (14-3%),

Therapeutic and supportive measures

In hospital treatment
Aspirin
Oral Prednisolone

IV Methylprednisolone

|
|
|
|
IVIG I
Oxygen administration GG

Inotropic support I
Mechanical ventilation W

Diuretics I
Blood transfusion I
|

> 4 day antibiotic therapy prior to diagnosis

0 5 10 15 20 25 30

Figure 5. Therapeutic and supportive measures administered to participants /VIG: intravenous immunoglobulin.
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Echocardiogram findings
Frequency of findings Coronary dilatation (%) Ventricular dysfunction (%) Pathologic AVVR (%) Pericardial effusion (%)
Presentation (n = 28) 46-4 393 25-0 46-4
2 week follow up (n = 22) 63-6 22.7 0-0 0-0
6 week follow up (n = 22) 13:6 4.5 0-0 0-0
3 month follow up (n = 14) 71 0-0 0-0 0-0
6 month follow up (n = 8) 0-0 0-0 0-0 0-0
Electrocardiographic findings
Frequency of findings Prolonged QTc interval 1° AVB ST depression+/- abnormal Complete RBBB
T waves
Presentation (n = 25) 40-0 16-0 8.0 8.0
2 week follow up (n = 22) 22.7 4.5 0-0 0-0
6 week follow up (n = 22) 4.5 0-0 0-0 0-0
3 month follow up (n = 14) 0-0 0-0 0-0 0-0
6 month follow up (n = 8) 0-0 0-0 0-0 0-0
Table 3: Follow up Echocardiogram and ECG findings of participants.

Meropenem (14-3%), Cefotaxime (10-7%), Cefuroxime
(10-7%), Azithromycin (7-1%), Gentamycin (3-6%) and
Metronidazole (3-6%).

Immediate treatment response

The immediate outcome of our study population was
100% recovery with all patients discharged one day to
three weeks after treatment initiation. Defervescence
occurred within 24 hours following the commencement
of IVIG administration in 14 out of 17 patients (82-4%)
treated with this medication and between 24 to 48 hours
in three patients (17:6%). Kidney function recovered
spontaneously after IVIG and/or steroid administration
in all patients with acute kidney injury and no patient
required dialysis. Lateral squint in one patient resolved
within one week of steroid therapy. Other symptoms
which resolved within 48 hours of commencing anti-
inflammatory therapy included improvement in activity
(50-0%), marked drop in acute phase reactants (17-6%)
and rapid resolution of florid skin lesions (11-8%). The
treatment response of cardiac function seen in one of
the study participants is shown in Figure 4.

Details of hospital stay, immediate outcomes and
follow up

All patients were managed in-hospital with an average
duration of hospitalization of 1114 + 5:65 days. The
mean (SD) duration from symptom to hospital admis-
sion was 6-9 =% 5-5 days. Three out of 28 patients were
managed in the intensive care unit for an average (SD)
of 5.7 £ 3-5 days (range 2 to 9 days) and required respi-
ratory support by continuous positive airway pressure
ventilation or mechanical ventilation. All patients were
discharged alive and were asymptomatic and clinically

well at follow up visits. Twenty-two children were fol-
lowed up at two weeks post illness, 22 children at six
weeks post illness, 14 patients at three months, and
eight patients at six months post illness respectively.

Cardiac investigations on follow up

Patients were followed up primarily for cardiac evalua-
tion. Seven patients required follow up echocardio-
grams and ECGs one week after the first due to
previously identified severe cardiac dysfunction. In
these subgroups of patients, coronary dilatation and
ventricular dysfunction were noted in 42-9%; at least
moderate atrioventricular valve regurgitation and peri-
cardial effusion in 28-5% respectively; prolonged QTc
interval in 75-0% and first-degree heart block in 40-0%
of these patients respectively. Cardiology assessments
were recommended for all patients at two weeks and six
weeks after the first evaluation; however, several
patients were lost to follow up. Three month and six
month follow up assessments were determined by the
outcomes of the two previous follow up assessments at
two weeks and six weeks. 22 patients (78-5%) were fol-
lowed up at two weeks, and six weeks after the first
echocardiogram; 14 participants (50-0%) and eight par-
ticipants (28-5%) were reviewed three months and six
months after the first cardiac evaluation respectively.
Coronary artery dilatation did not develop in patients
with previously normal coronary artery sizes. Table 3
shows the serial echocardiogram and ECG data of par-
ticipants at various follow up visits.

Discussion
This study shows the spectrum of cases of MIS-C seen in
Nigeria’s COVID-19 epicentre and the similarities and/
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or differences in its clinical, laboratory and imaging char-
acteristics compared to findings in other geographical
regions. MIS-C has been associated with an antecedent
COVID-19 infection.'®">"*"7 Although the mechanisms
underlying MIS-C could not be elucidated from this
study data, about half of enrolled participants in this
study had a previous history of COVID-19 infection; and
there was evidence of antibodies to SARS-CoV-2 in about
one third of patients while approximately two thirds of
patients had negative PCR tests at presentation; suggest-
ing an immunologic pathogenesis of the disease entity in
which the antigen is not present and antibodies persist.
Sub-analysis could not be performed to establish associa-
tion between MIS-C and previous COVID-19 exposure in
this cohort due to the small sample size and because
almost half of the study population could not verify previ-
ous exposure to COVID-19 infection.

MIS-C bears a phenotypic similarity to KD, and
although differences in both disease entities have been
documented previously, it is likely that both conditions
share similar pathogenetic mechanisms." Verdoni et al®
documented a 30-fold increase in cases of KD in Italy
since the onset of the COVID-19 pandemic. This increase
was similar to the recent exponential rise in the preva-
lence of this Kawasaki like disease seen in Lagos, Nigeria
since the onset of the pandemic compared to the preva-
lence documented in a previous study® in the same geo-
graphical location over a five-year period between 2011
and 2016. The upsurge of cases of this Kawasaki-like dis-
ease during the pandemic likely supports its temporal
association with COVID-19 infection and is further sup-
ported by the monthly variation in frequency of cases
akin to the waves of the pandemic.

The school age group was predominantly affected in
this cohort as seen in earlier studies which documented
older children than those usually affected in typical
KD.>"7° There are infrequent reports of the occurrence
of the syndrome in adults®” and male preponderance
has also been shown in several study groups®®>*9 as
was seen in our cohort.

The multisystemic nature of the pathology is reflected
in the plethora of affected systems in study participants.
In this study, fever was a universal finding; with gastroin-
testinal, cardiac and mucocutaneous symptoms being the
most frequently described manifestations in these
patients, similar to other researchers.”*93* Cardiovascu-
lar manifestations have been described as frequent and
prominent in children with MIS-C manifesting as coro-
nary dilatation and/or aneurysms, ventricular dysfunc-
tion and biochemical evidence of myocardial injury.*’ In
our cohort, neurological symptoms including signs of
meningism were documented among a third of our
cohort similar to other studies.**** One of these patients
had a palsy of the sixth cranial nerve despite normal
brain imaging which resolved remarkably after anti-
inflammatory therapy was commenced. Gastrointestinal
symptoms were seen in about three quarter of the
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children in this study and transaminitis in about half of
the study population in similar proportions documented
by Miller et al.** Renal involvement has been reported in
10% to 60% of MIS-C patients across studies and in
keeping with this, one third of patients in this cohort had
abnormalities of renal function.*®

Erythrocyte sedimentation rate and C-reactive pro-
tein were the main acute phase reactants assayed in this
population as these markers are more readily accessible
and affordable compared to other inflammatory
markers such as ferritin, LDH and D-dimers. In this
environment where health care is primarily out of
pocket, funds largely determine the extent of investiga-
tion as well as the treatment modalities instituted and
this may account for the wide variation in the investiga-
tive results available for analysis among enrolled partici-
pants. Although all patients had full blood counts and
renal function tests conducted and most of them had at
least one acute phase reactant assayed, other ancillary
tests were only performed based on strict clinical evi-
dence of the need for the same; and not based on the
premise that such tests may likely be abnormal in a dis-
ease of this nature. This strategy, though cost effective
and desirable for patient care; but may have led to
unrecognised subtle organ involvement.

Electrocardiogram findings in children with MIS-C
documented by other researchers include non-specific
ST/T  changes, reduced QRS voltage and
dysrhythmias.>** We found prolonged QTc to be an
almost consistent finding in patients with echocardio-
graphic evidence of myocardial dysfunction. Whereas
negative ECG findings cannot completely rule out sig-
nificant cardiac disease, prolonged QTc may consider-
ably prompt early further cardiac evaluation and
institution of relevant care even when such services are
few and far between.

Several echocardiographic findings which have been
frequently documented in children with MIS-C includ-
ing coronary artery dilatation and/or aneurysms, patho-
logical atrioventricular regurgitations, reduced ejection
fraction and pericardial effusion’®; were also seen fre-
quently in our study group and are representative of the
inflammatory effects of the disease on the heart.

The optimal treatment of MIS-C is still undefined
but current treatment guidelines recommend intrave-
nous immunoglobulin and high dose corticosteroids as
first line therapy. McArdle et al*” documented that esca-
lation to immunomodulators was less common among
the patients who received IVIG plus glucocorticoids
than among those who received IVIG alone. Intrave-
nous immunoglobulin was utilised in a significant
proportion of patients in this study along with
steroids, similar to treatment regimens documented in
previous populations of children and adolescents with
MIS-C"'73%; with demonstrable improvement in the
clinical state of these patients from as early as 24 hours
after instituting treatment. As suggested by McArdle
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et al,’” the use of initial combination therapy in our
cohort may have accounted for the successful manage-
ment of all cases without the use of immunomodulatory
biologic agents. Cardiac, as well as other systemic
effects resolved early and remarkably after immunosup-
pressive therapy with steroids and/or immunoglobulin
as previously described by other authors who docu-
mented this disease entity in their populations.>®°
This significant improvement with immunosuppres-
sant therapy strengthens the hypothesis that the disease
is primarily immune mediated.

Aspirin has been used previously in the initial stud-
ies documenting MIS-C "#°; and at similar doses to that
used in this cohort of Nigerian patients. The presence
of coronary artery dilatation at presentation may likely
have influenced the addition of antiplatelet therapy to
immunomodulatory therapy early in the course of the
disease. More so, the high mean platelet counts in these
patients noted up to the third week after the onset of
fever may be beneficial as a precaution against signifi-
cant morbidity from thromboembolic events; none of
which was seen in our study group.

A small proportion of participants in this study were
nursed in the high dependency and intensive care units
similar to the experience from other resource con-
strained settings like ours;*® and in contrast to reports
from other climes where ICU admissions as high as
83-0% were documented in some studies.” This may
not reflect the severity of the syndrome in Nigerian chil-
dren, but rather likely represents the care available to
critically ill children in resource limited settings like
ours where the ICU is more readily available to critically
ill adults than paediatric patients.

Two-third of the patients in this study received IVIG,
but more patients were treated with steroids and aspirin
which are more readily accessible medications. A signif-
icant proportion of these families funded their health
care out-of- pocket and even when health insurance was
available, most schemes did not accommodate the high
cost of immunoglobulin which is approximately $500
per 10-gram vial.

MIS-C may mimic severe sepsis in its clinical presen-
tation and thus, most children in this cohort had been
treated with more than four-day course of antibiotics
without significant clinical improvement prior to MIS-C
diagnosis. From our experience, basic available and
accessible laboratory parameters including leucocytosis,
neutrophilia, thrombocytosis, elevated ESR and CRP,
deranged liver enzymes especially transaminases, hypo-
proteinaemia, hypoalbuminaemia and proteinuria were
present in a considerable number of study participants.
Due to the limited size of this cohort, findings in this
study may not be absolutely generalised to a wider study
population; however, in resource limited climes like
ours, clinical suspicion of this disease should be consid-
ered in children presenting with a combination of these
commonly deranged; yet cost effective laboratory

findings of MIS-C especially if fever and other systemic
features persist despite appropriate use of antibiotics.

The sequelae of MIS-C especially on the heart, is still
a subject of intense research. Like a previous Indian
study,”® most of our study participants had coronary
artery dilatation at presentation and although several
patients were lost to follow up, the frequency of this
abnormality reduced steadily at six-week, three-month
and six-month follow up assessments. This may suggest
that coronary dilatation in this syndrome may be pri-
marily a consequence of inflammation rather than an
alteration of the integrity of the arterial wall; thus,
dimensions expectedly returned to normal quickly. In
this study, new coronary artery abnormalities were not
detected on follow up in patients who had normal
coronaries at presentation, and this may raise concerns
about the necessity of serial follow up echocardiograms
in such patients. The cost of cardiology consultations
and investigations are prohibitive for many Nigerian
families and may have accounted for the significant
drop out rate on follow up in our cohort. From our find-
ings, patients with coronary artery abnormalities at pre-
sentation may likely not require serial cardiac
evaluations beyond 3 months post illness. However, lon-
ger, and more comprehensive follow up studies are
required to firmly establish this.

This study was hospital based and likely excluded
the subset of patients with mild manifestations of
MIS-C who did not require hospitalization. Due to the
retrospective nature of the study, data available for
review were inconsistent across the participating hos-
pitals because of variation in investigations, manage-
ment strategies and timing of follow-up assessments.
Study findings could not lead to generalizations about
this population as the small number of participants
hampered rigorous sub analysis of data. Government
regulations prohibited serologic testing in the country
at a point during the pandemic and thus, relevant test-
ing to confirm previous COVID-19 infection in some
study participants could not be done. There was an
appreciable number of patients lost to follow up even
after appointments were advised and scheduled, due to
several reasons including unwillingness to return to a
hospital environment during the period of a pandemic,
lack of funds for follow up investigations and poor
health seeking behaviour, more so for a well child. The
array of investigations available and therapeutic
options in our cohort was largely limited by the cost of
these services, thus medications such as immune mod-
ulators e.g. anakinra, tocilizumab which are not readily
available could not be used in any of the study partici-
pants.

MIS-C is an important diagnosis in children present-
ing with prolonged fever during the COVID-19 pan-
demic. Cardiovascular manifestations occurred in
several children with MIS-C, which had improved by 6-
month follow wup. Early diagnosis and prompt
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institution of a combination of antiplatelet therapy, ste-
roids and IVIG appear to be beneficial.
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