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ABSTRACT RESUMO

Objective: This study aimed to describe the clinical characteristics
and the different phenotypes of children with multisystem
inflammatory syndrome in children (MIS-C) temporally related
to COVID-19 and to evaluate the risk conditions that favored a
greater severity of the disease during a 12-month period at a
pediatric reference hospital in Colombia.

Methods: A 12-month retrospective observational study of
children under the age of 18 years who met criteria for MIS-C.
Results: A total of 28 children presented MIS-C criteria. The median
age was 7 years. Other than fever (100%) (onset 4 days prior to
admission), the most frequent clinical features were gastrointestinal
(86%) and mucocutaneous (61%). Notably, 14 (50%) children had
Kawasaki-like symptoms. The most frequent echocardiographic
abnormalities were pericardial effusion (64%), valvular involvement
(68%), ventricular dysfunction (39%), and coronary artery

Objetivo: Descrever as caracteristicas clinicas e os diferentes
fendtipos de criancas com sindrome inflamatéria multissistémica
na crianca temporalmente relacionada coma COVID-19 (doinglés
multisystem inflammatory syndrome in children— MIS-C) e avaliar
as condicoes de risco que favorecem a maior gravidade da doenca
durante um periodo de 12 meses em um hospital pediatrico de
referéncia na Colémbia.

Métodos: Estudo retrospectivo de 12 meses de observacdo de
criancas menores de 18 anos que cumprem os critérios para o MIS-C.
Resultados: Vinte e oito criancas foram apresentadas com
os critérios do MIS-C. A idade média era de sete anos, e 54%
eram do sexo masculino. Para além da febre (100%) (com inicio
quatro dias antes da admissdo), as caracteristicas clinicas mais
frequentes eram gastrointestinais (86%) e mucocutaneas (61%).
Quatorze criancas (50%) apresentavam sintomas semelhantes aos
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MIS-C temporally related to COVID-19

abnormalities (29%). In addition, 75% had lymphopenia. All had at
least one abnormal coagulation test. Most received intravenous
immunoglobulin (89%), glucocorticoids (82%), vasopressors
(54%), and antibiotics (64%). Notably, 61% had a more severe
form of the disease and were admitted to an intensive care
unit (median 4 days, mean 6 days); the severity predictors were
patients with the inflammatory/MIS-C phenotype (OR 26.5;
95%Cl 1.40-503.7; p=0.029) and rash (OR 14.7; 95%Cl 1.2-178.7;
p=0.034). Two patients had macrophage activation syndrome.
Conclusions: Coronary artery abnormalities, ventricular
dysfunction, and intensive care unit admission were frequent,
which needs to highlight the importance of early clinical suspicion.
Keywords: COVID-19; Multisystem inflammatory syndrome;
Kawasaki disease; Ventricular dysfunction; Multiple organ
failure; Child.

INTRODUCTION

The current coronavirus disease 2019 (COVID-19) pandemic
has affected children less severely than adults.! However, some
pediatric cases have required admission to the pediatric inten-
sive care unit (PICU), mechanical ventilation (MV), and car-
diorespiratory support.? The first cases in Italy, the United
Kingdom, and Spain were raised toward the end of April
2020, and in May, researchers in the United Kingdom declared
the first eight pediatric patients epidemiologically related to
SARS-CoV-2 who presented a more severe illness requiring
admission to the PICU.? Later on, other cases were reported
in the United States and Europe among children with SARS-
CoV-2 infection, fever, elevated inflammatory markers, and
organ dysfunction, who had Kawasaki disease-like features,
toxic shock syndrome (TSS), and macrophage activation syn-
drome (MAS) described in rheumatic entities.>” The Centers
for Disease Control and Prevention (CDC-USA), World
Health Organization (WHO), and Royal College of Paediatrics
and Child Health (RCPCH) defined this entity as multisys-
tem inflammatory syndrome in children (MIS-C) temporally
associated with SARS-CoV-2.81% A cytokine storm following
SARS-CoV-2 infection, associated with immunoglobulin G
(IgG) and endothelial involvement, has been related to the
physiology of this entity."! While it is true that there are fewer
Latin American publications, an increasing number of cases

have been reported in the region.'*"

de Kawasaki. As anomalias ecocardiograficas mais frequentes
foram derrame pericardico (64%), envolvimento valvar (68%),
disfuncdo ventricular (39%) e anomalias coronérias (29%).
Tinham linfopenia 75% das criancas. Todas tinham algum teste
de coagulacdo anormal. A maioria recebeu imunoglobulina
intravenosa (89%), glucocorticoides (82%), vasopressores (54%)
e antibidticos (64%). Tiveram envolvimento mais grave 61%
dos pacientes, que precisaram ser internados em unidade de
terapia intensiva (mediana de quatro dias, média de seis dias);
os preditores de gravidade foram pacientes com fendtipo
inflamatério/ MIS-C (odds ratio— OR 26,5; intervalo de confianca
— 1C95% 1,4-503,7; p=0,029) e erupcao cutdnea (OR 14,7;
IC95% 1,2-178,7; p=0,034). Dois pacientes (7%) apresentavam
sindrome de ativacdo macrofdgica.

Conclusoes: Alteracdo da artéria coronéria, disfuncdo ventricular
einternacdo na unidade de terapia intensiva foram frequentes,
o que nos alerta sobre aimportancia da suspeita clinica precoce.
Palavras-chave: COVID-19; Sindrome inflamatéria multissistémica;
Doenca de Kawasaki; Disfuncao ventricular; Faléncia de mdltiplos
6rgdos; Criangas.

The objective of this study was to describe the clinical and
epidemiological characteristics and the different phenotypes
of children with MIS-C and to evaluate the risk conditions
associated with the worst prognosis and disease severity over
a 12-month period at a pediatric reference hospital of a Latin

American country with middle income (Colombia).

METHOD

A retrospective chart review was performed of patients under
the age of 18 years who met the WHO criteria for MIS-C
and were seen between April 1, 2020, and March 31, 2021,
at a pediatric reference hospital in Bogotd, Colombia, South
America (Fundacién Hospital Pedidtrico La Misericordia
[HOMI]). The clinical variables included in the analysis were
age, nutritional status (malnutrition or overweight/obesity),
comorbidities, duration of fever, gastrointestinal and respira-
tory symptoms, mucocutaneous characteristics (e.g., erythema
and chapping of the lips, strawberry tongue and/or erythema
of the oral and pharyngeal mucosa, conjunctival injection,
erythema and edema of hands and feet, periungual desqua-
mation, and cervical adenopathy), and the MIS-C phenotype.
Cases with Kawasaki-like symptoms and MAS were identi-
fied. Laboratory findings included the results of SARS-CoV-2
reverse transcription-polymerase chain reaction (RT-PCR) and
antigen tests (nasopharyngeal aspirate; STANDARD Q Test),
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as well as IgG/IgM antibodies (immunodiffusion and chro-
matography) and laboratory tests. The chest X-ray and echo-
cardiogram findings were described, as well as the treatment
and degree of severity, defining those patients with greater
severity of the disease when they presented shock, the need
for invasive mechanical ventilation (IMV), noninvasive ven-
tilation (NIV), or vasopressor support requiring admission to
the PICU. The research protocol was presented to the Research
Committee of the HOMI-Fundacién Hospital Pedidtrico La
Misericordia for review and approval.

MIS-C was defined according to current WHO criteria.’
Some authors have tried to classify MIS-C into phenotypes
according to the predominant clinical characteristics. Harwood
et al proposed classifying MIS-C cases into a Kawasaki-like
phenotype and other nonspecific inflammatory phenotypes.?
Whittaker et al proposed a strategy of subdivision into an
inflammatory febrile phenotype, a Kawasaki-like disease phe-
notype, and an inflammatory phenotype with shock.? A third
strategy defined by Godfred-Cato et al subdivides into three
groups: Class 1: greater multiorgan involvement; Class 2:
predominantly respiratory symptoms; and Class 3: similar
to Kawasaki disease.?! In this study, the MIS-C cases were
classified into three distinct clusters of clinical phenotypes:
inflammartory/MIS-C phenotype (characterized by a cytokine
storm, with greater organ involvement shock, gastrointestinal
symptoms, elevated inflammatory markers, and cardiovascular
compromise), a predominantly respiratory phenotype, and a
Kawasaki-like phenotype.

Secondary hemophagocytic lymphohistiocytosis (sHLH),
known in literature more commonly as macrophage activa-
tion syndrome (MAS), was defined according to the follow-
ing findings: persistent fever; hepatosplenomegaly; generalized
lymphadenopathy; neurological involvement; hemorrhagic fea-
tures; pancytopenia; elevated ferritin, hepatic enzymes, lactate
dehydrogenase (LDH), and triglycerides, with reduced lev-
els of fibrinogen; and possible hemophagocytic macrophages
on bone marrow biopsy or aspiration,? based on the criteria
proposed in 2004 and the availability of resources at our hos-
pital.? Left ventricular systolic function was evaluated using
the left ventricular ejection fraction (LVEF) estimated by the
Simpson Biplane Method, with a value <54% considered to be
low.?* To facilitate comparisons with other published series,”
LVEF was classified as >50% and <50%. Coronary artery dila-
tion was defined as a Z-score between 2.0 and 2.4, and cor-
onary aneurysm as a Z-score 22.5.%¢ Patients with Kawasaki-
like symptoms were defined according to the 2017 American

26 Two devices were used for

Heart Association (AHA) criteria.
the echocardiographic study: the Philips Affiniti 70cv and the

Philips CX50 for portable studies.

In the descriptive analysis of the quantitative data, the
following were calculated for each variable: median, average,
interquartile range (IQR 25-75), and range, as applicable.
Qualitative variables were presented as frequencies or percent-
ages. The data were collected on Excel spreadsheets. The differ-
ential analysis sought to explain a greater severity of the disease,
understood as those patients with shock, need for IVM and
NIV or vasopressor support requiring admission to the PICU
(dependent variable), using binary logistic regression models.
The differences between frequencies were evaluated using chi-
square or Fishers exact test, as applicable. Differential analysis
used 95% confidence intervals (CI). A logistic regression model
was performed from the construction of the multivariate model
after identifying significant variables that were entered into a
multivariate model based on a methodology that assembles
the best model according to the importance of each variable
and clinical coherence, in addition to the decision criteria AIC
(Akaike Information Criterion) and BIC (Bayesian Information
Criteria) that compare and choose the best model that makes
fewer errors in the projection of the results. Sensitivity and
specificity (ROC curve) were then evaluated. An odds ratio
(OR) was calculated as a measure of association between the
independent variables and the dependent variable. All the sta-
tistical tests were two-tailed, with a significance level of p<0.05.
The data were analyzed using the Stata 14 statistical package
(StataCorp LP, USA).

RESULTS

A total of 672 children with a laboratory-confirmed diagnosis
of SARS-CoV-2 infection were hospitalized between April 1,
2020, and March 31, 2021 (12 months). In the study period,
28 (4.2%) cases were diagnosed with MIS-C, with an average
of 2.3 cases per month. The median age of the study popu-
lation was 7 years (mean 8 years), most of the children were
between 6 and 17 years of age (64%), and 3 (11%) cases were
under 1 year old. Notably, 54% were male patients (Table 1).
The main comorbidities found were overweight (18%), obesity
(7%), malnutrition (14%), and systemic lupus erythematosus
(7%). All had fever, with a median duration of 4 days prior
to admission (mean 5 days). Notably, 24 (86%) children had
gastrointestinal symptoms and 13 (46%) had some respiratory
symptoms, of whom 8 (29%) had pneumonia. Mucocutaneous
features were common (61%). Again, 14 (50%) patients had
Kawasaki-like symptoms (median 6 years, mean 7.9 years;
incomplete criteria 11/14, 79%), of whom 4 (28%) had cor-
onary abnormalities. In addition, 17 (61%) cases had shock
and 2 (7%) patients met the criteria for MAS. With regard to
the MIS-C classification, 36% of the cases had inflammatory/
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Table 1. Social and clinical characteristics of MIS-C
cases (n=28).

Median (IQR) or

Characteristics

Age in years 7 (4-12.7)
Age classification (years)
<2 3(11)
2-5 7 (25)
6-11 9(32)
>11 9(32)
Sex
Male 5(54)
Female 3 (46)
Comorbidities
Malnutrition 4(14)
Overweight 5(18)
Obesity 2 (7)
Prematurity (history of) 1(4)
Asthma 1(4)
Systemic lupus erythematosus 2 (7)
Purpura fulminans 1(4)
Symptoms
Fever 28 (100)
Fever on admission (days) 4 (3-5)
Total duration of fever (days) 5 (4-6)
Gastrintestinal symptoms 24 (86)
Abdominal pain 18 (64)
Vomiting 20 (71)
Diarrhea 10 (36)
Mucocutaneous symptoms 17 (61)
Rash 15 (54)
Edemas/desquamation 10 (36)
Conjunctival injection 11 (39)
Changes in the oral mucosa 6(21)
Cervical adenopathy 1(4)
Respiratory symptoms 13 (46)
Cough 12 (43)
Dyspnea 8 (29)
Rhinorrhea 4(14)
Pneumonia 8 (29)
Joint features 5(18)
Arthritis 2(7)
Arthralgias 5(18)
Kawasaki-like symptoms 14 (50)
Macrophage Activation Syndrome 2 (7)
Inflammatory/MIS-C phenotype 10 (36)
Respiratory phenotype 8 (28)
Kawasaki-like phenotype 10 (36)

MIS-C phenotype, 26% had predominantly respiratory pheno-
type, and 36% had Kawasaki-like phenotype (median 8, 10.5,
and 5.5 years; mean of 8.7, 8.8, and 6.4 years, respectively).
Inflammatory/MIS-C phenotype had shock (90%), abdominal
pain (90%), and ventricular dysfunction (50%). Notably, 88%
of the cases in predominantly respiratory phenotype had cough
and 50% had pneumonia. In addition, 70% of the patients
in Kawasaki-like phenotype had mucocutaneous features and
30% had ventricular dysfunction (Figure 1).

In this study, 24 RT-PCR samples and 10 anti-SARS-CoV-2
IgG samples were analyzed, of which 67% (16/24) and 90%
(9/10) were positive, respectively. Seven children had both
RT-PCR and antibody tests; three had positive results on both
tests, and three had a negative RT-PCR and a positive IgG.
An 8-year-old patient had negative results in both tests; how-
ever, due to the high suspicion for the age greater than 5 years,
the anomalies of the coronary arteries and ventricular dysfunc-
tion, and the recent epidemiological contact with a family mem-
ber with COVID-19, he was considered suspicious of MIS-C,
although it could also have been a case of Kawasaki disease.
Altogether, 54% of the p-dimer levels (15/28) were higher than
3,000 ng/mL. Of note, 89% (25/28) of the fibrinogen results
were elevated. Also, 100% of the children had at least one ele-
vated inflammatory marker, such as CRE, procalcitonin, and
ferritin, and 17% (4/24) of the troponins and 57% (4/7) of
the brain natriuretic peptides (BNP) were elevated. In addi-
tion, 75% (21/28) of the cases had lymphopenia (Tables 2—-4).

Intravenous immunoglobulin (IVIG) was administered to
25 (89%) of 28 patients (2 g/kg), and 2 of them required a
second dose due to persistent fever. A total of 23 (82%) chil-
dren received glucocorticoids, of which 19 (83%) received
dexamethasone (median 0.15 mg/kg/day and 7 days, mean
0.17 mg/kg/day and 6.5 days) and 5 (22%) received methyl-
prednisolone (30 mg/kg/dose for 3 days). Two patients received
dexamethasone and methylprednisolone and four children
received prednisolone. Notably, 64% were anticoagulated with
dalteparin (median 100 IU/kg/dose, mean 122 IU/kg/dose),
taking a more than five-fold elevation of b-dimer above the
reference value as a criterion. In addition, 11 (39%) children
received antiplatelet drugs such as acetylsalicylic acid (ASA)
and 18 (64%) patients received antibiotics. The median length
of hospital stay was 10 days (mean 14 days). Also, 61% of the
cases had a more severe disease involvement for which they
were admitted to the PICU (median 4 days, mean 6 days).
Three (11%) patients required IMV and four (14%) required
NIV. Also, 54% required some type of vasopressor. One patient
died (4%) (Table 3).

The most frequent findings on chest X-rays included ground-
glass opacities (48%) and bilateral opacities (40%). A total of
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Figure 1. Multisystem inflammatory syndrome in children (MIS-C) temporally related to COVID-19: phenotypes

and clinical fFeatures (n=28).

8 (29%) patients had abnormal coronary arteries: 5 (18%)
had aneurysms, 6 (21%) had coronary dilation, and 3 (11%)
had both abnormalities. The most frequently affected coronary
arteries were the circumflex artery, left coronary artery, and
proximal right coronary artery. Of the 8 children with coronary
artery involvement, 7 (88%) had echocardiographic resolution
at discharge. In addition, 68% had valvular involvement and
64% had pericardial effusion. The median LVEF in all patients
(including those admitted to the PICU) was 60.5% (mean 58%).
Notably, 39% developed left ventricular dysfunction (median
LVEF 48%, mean 45%). Patients with an LVEF £50% made
up 39% of the whole series and 58% of those with echocardio-
graphic abnormalities. Sinus tachycardia was the most frequent
electrocardiographic disorder (36%) (Table 3).

On bivariate analysis, the conditions associated with greater
severity of the disease with a p<0.05 were rash (p=0.003),
anemia (p=0.022), procalcitonin >1 ng/mL (p=0.018), use
of antibiotics (p=0.003), need for oxygen (p=0.006), pericar-
dial effusion (p=0.000), Kawasaki-like symptoms (p=0.007),
and inflammatory/MIS-C phenotype (p=0.041) (Table 4).
On multivariate analysis, the logistic regression model found
that the following predictor variables of worse prognosis and
severity of the disease: inflammatory/MIS-C phenotype (OR
26.5; 95%CI 1.4-503.7; p=0.029) and rash (OR 14.7; 95%CI
1.2-178.7; p=0.034).

DISCUSSION
This is one of the first studies on MIS-C in Colombia. Although sev-

eral studies have been published on this entity since the first
reports in the United States and Europe,*” and more recently

12-19

in Latin America,'*" it continues to be a diagnostic challenge

in middle-income countries such as Colombia. From the begin-
ning of the pandemic to June 26, 2021, 4,126,340 COVID-19-
positive cases were reported in Colombia, 337,702 (8.1%) of
whom were under the age of 18 years.” Up to June 19, 2021,
6,057 cases of MIS-C had been reported in the Americas, but
there was significant underreporting in Colombia, with only 8
cases.”® In contrast, in the present study, of the 672 COVID-
19-positive children seen at the hospital in the 12-month period
of the study, 28 (4.2%) were diagnosed with MIS-C. The high-
est number of cases occurred in July/August/September 2020
(15/28, 54%) and December 2020/January 2021 (7/28, 25%),
coinciding with the peak of viral circulation in Colombia.
The age at onset was like to that found by Torres et al., in
Santiago, Chile'? (median 7 years vs. 6 years), as well as the
length of hospital stay (median 10 days vs. 9 days). Most of
the children were over the age of 5 years, similar to what
Feldestein et al. reported in the United States.” The median
duration of fever on admission was 4 days, which we consider
to be relatively late and could be explained by the parents’ fear

of going to the emergency department during pandemic times,
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Table 2. Admission lab tests and results of MIS-C cases
(n=28).

Median (IQR) or

Lab tests Total n (%)
SARS-CoV-2 RT-PCR 24 Positive 16 (67)
SARS-CoV-2 antigen 3 Positive 0 (0)
SARS-CoV-2 1gG 10 Positive 9 (90)
SARS-CoV-2 IgM 10 Positive 0 (0)
?Ceé\e/g‘éjogr)‘ta“ 28 | Positive 11 (39)
Hemoglobin (g/dL) 28 9.7 (8.8-11.6)
Leukocytes (count x10°%/L) | 28 11(6.1-13.6)
I(gg:,??i?g;i) 28 0.8 (0.6-2.4)
Z’f}t:fxp:‘gfm 28 7.9 (3.8-11.3)
Platelets (count x10°/L3) 28 200 (100.7-343.7)
Albumin (g/dL) 25 2.5(2.1-3)
Lactate (mg/dL) 25 2(1.6-2.3)
LDH (U/L) 27 306 (255-421)
Triglycerides (mg/dL) 17 232 (154-339)
AST (U/L) 28 58 (42-112)
ALT (U/L) 28 62 (39-101)
Bilirubin (mg/dL) 22 0.7 (0.5-1.03)
Creatinine (mg/dL) 26 0.4 (0.3-0.7)
BUN (mg/dL) 26 15.5(10.5-25)
CRP (mg/L) 28 275 (130-375)
ESR (mm/h) 21 40 (39-55)
Procalcitonin (ng/mL) 20 4.7 (1.4-11.6)
Ferritin (ng/mL) 27 386 (238-756)
Troponin (ng/mL) 24 100 (54-559)
BNP (pg/mL) 7 287 (67-1,260)
o-Dimer (ng/mL) 28 | 3,021(1,721-6,118)
Fibrinogen (mg/dL) 28 993 (808-1,385)
PT (s) 28 14.8 (13.5-15.9)
PTT (s) 28 34 (31-38.8)

LDH: lactate dehydrogenase; AST: aspartate transaminase; ALT: alanine
transaminase (ALT); BUN: blood urea nitrogen; ESR: erythrocyte
sedimentation rate; CRP: C-reactive protein; BNP: brain natriuretic
peptide; PT: prothrombin time; PTT: partial thromboplastin time.

difficulties in accessing the healthcare system, and, possibly, a
lack of recognition of the disease by primary care physicians.
Overweight and obesity had a frequency similar to other stud-
ies.>?” Studies in the United States®” reported a higher per-
centage of PICU admissions than our study (80% vs. 61%),

although other studies published in Latin America show a lower
frequency (21-59%).'2%

Other than fever, which presented in all cases, gastrointes-
tinal symptoms were the most frequent. While gastrointestinal
features are prevalent in MIS-C,>? it is important to rule out
other more frequent causes of fever, abdominal pain, vomiting,
and diarrhea in children, such as gastrointestinal infection.*
Feldestein et al.’ reported a similar frequency of gastrointesti-
nal and mucocutaneous involvement as our study.

Acute kidney injury occurred less frequently than in other
studies (14% vs. 17—-67%).2>!” Most of the cases of Kawasaki-
like symptoms were in children over the age of 5 years, unlike
classic Kawasaki disease.?® The proportion of coronary abnor-
malities in all patients and the subgroup of cases with Kawasaki-
like symptoms was slightly higher than in other MIS-C stud-
ies (29% vs. 5-22%)*%>71>% and close to what is reported
in classic Kawasaki disease (25%).2° The MIS-C cases in our
study were classified into three groups or phenotypes, with a
greater proportion of shock, abdominal pain, and ventricular
dysfunction in inflammatory/MIS-C phenotype, significantly
associated with greater severity of the disease given the multi-
organ compromise requiring greater vasopressor support and
IMV with PICU admission, while predominantly respiratory
phenotype had a higher frequency of cough and pneumonia
and children in Kawasaki-like phenotype had more mucocu-
taneous features with less ventricular dysfunction. The com-
mon findings on laboratory tests included a high proportion
of lymphopenia, anemia, and neutrophilia. Thrombocytopenia
was present in 39% of the series and in 64% of children with
Kawasaki-like symptoms, in contrast to the higher proportion
of thrombocytosis seen in classic Kawasaki disease.?® The inflam-
matory, hematological, and coagulation involvement found in
our study does not differ from other series.*'¢ Feldestein et al.’
reported 70% positivity for SARS-CoV-2 (RT-PCR 39% and
antibodies 31%), with a somewhat lower frequency than we
found (67% and 90%, respectively). SARS-CoV-2 antibodies
were run in less than half of the cases, as the hospital began to
process them in October 2020.

Thus far, left ventricular dysfunction has been one of the
greatest cardiac complications in MIS-C patients®” and was a
significant finding in our study. There were more cases with
LVEF <50% than those found by Pignatelli et al.” (39% vs.
11%). A local study (Colombia) of 78 children with MIS-C in
14 PICUs found a significant frequency of shock (87%) and
cardiac dysfunction (19%), with greater mortality (9%) com-
pared to studies in higher income countries, probably explained
by greater cardiovascular involvement coupled with difficulties
in accessing the healthcare system in countries with limited

resources like ours.' This study showed a greater frequency of
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Table 3. Cardiac imaging, studies, treatment, and clinical outcomes of MIS-C cases (n=28).

Characteristics

Echocardiograms

Tests or patients/total

Median (IQR) or n (%)

Abnormal echocardiogram 19 (68)
VEF (%) 60.5 (49-67)
VEF >50% 17 (61)
VEF <50% 11(39)
Ventricular dysfunction 11 (39)
Valvular involvement 28 19 (68)
Pericardial effusion 18 (64)
Abnormal coronary arteries 8 (29)
Coronary aneurysms 5(18)
Coronary dilation 6(21)
Electrocardiograms
Sinus tachycardia 4 (36)
Abnormal repolarization 2(18)
Supraventricular tachycardia B 1(9)
Normal 4 (36)
Chest X-ray
Ground-glass opacities 12 (48)
Bilateral opacities - 10 (40)
Pleural effusion 8 (32)
Consolidations 5(20)
Treatment
Antibiotics 18 (64)
Antiplatelets 11 (39)
Anticoagulation 18 (64)
IVIG 28 25 (89)
IVIG, 2 doses 2 (8)
Glucocorticoids 23 (82)
Clinical outcomes
Hospitalization (days) 10 (9-15) range 1-56
ICU admission 17 (61)
Daysin ICU 4 (2-5) range 1-45
Need of oxygen 18 (64)
Invasive mechanical ventilation 28 3(11)
Non-invasive ventilation 4 (14)
Shock 17 (61)
Vasopressors 15 (54)

VEF: ventricular ejection fraction; IVIG: intravenous immunoglobulin; ICU: intensive care unit.
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Table 4. Characteristics of the study population and conditions associated with greater severity (PICU admission).

Characteristics

Severe/critical cases

(admitted to PICU; n=17), n (%)

Non-severe cases
(not admitted to PICU; n=11), n (%)

Abdominal pain 10 (59) 8 (73) >0.05
Vomiting 10 (59) 10 (91) >0.05
Cough 7 (41) 5 (45) >0.05
Rash 13(76) 2(18) 0.003
Leukocytosis (according to age) 6 (35) 3(27) >0.05
Neutrophilia (according to age) 10 (59) 4 (36) >0.05
Lymphopenia (<1,500 mm?3) 15 (88) 6 (55) >0.05
Anemia (according to age) 16 (94) 6 (55) 0.022
Thrombocytopenia (<150,000 mm?) 7(41) 4 (36) >0.05
Hypoalbuminemia (<3 g/dL) 14/15 (93) 8/10 (80) >0.05
Lactate >2 mg/dL 8/16 (41) 2/3 (67) >0.05
Lactate dehydrogenase (>295 U/L) 9/16 (56) 6/11 (55) >0.05
Hypertriglyceridemia (>150 mg/dL) 8/10 (80) 5/7 (71) >0.05
Elevated transaminases 16 (94) 7 (64) >0.05
Acute kidney injury 4 (24) 0(0)

C-reactive protein >100 mg/L 16 (94) 8 (73) >0.05
Procalcitonin >1 ng/mL 14/14 (100) 3/6 (50) 0.018
Ferritin >500 ng/mL 9 (53) 2/10 (20) >0.05
p-Dimer >3,000 ng/mL 10 (59) 5 (45) >0.05
Elevated fibrinogen >600 mg/dL 15 (88) 10 (91) >0.05
Ground glass (chest X-ray) 10 (59) 2 (18) >0.05
Consolidation (chest X-ray) 5(29) 0(0)

Pleural effusion (chest X-ray) 7 (41) 1(9) >0.05
Ventricular dysfunction 11 (65) 0(0)

Valvular involvement 14 (82) 5 (45) >0.05
Pericardial effusion 16 (94) 2 (18) 0.000
Coronary abnormalities 6 (35) 2 (18) >0.05
Antibiotics 15(82) 3(27) 0.003
Antiplatelets 7 (41) 4 (36) >0.05
Glucocorticoids 16 (94) 7 (64) >0.05
Anticoagulation 13(76) 5(45) >0.05
Intravenous immunoglobulin 16 (94) 9 (82) >0.05
Shock 17 (100) 0 (0)

Oxygen 14 (82) 3(27) 0.006
Invasive mechanical ventilation 3(18) 0 (0)

Vasopressors 15 (88) 0 (0)

Kawasaki-like symptoms 12 (71) 2 (18) 0.007
Macrophage activation syndrome 0 (0) 2(18)

Inflammatory/MIS-C phenotype 9 (52) 1(9) 0.041
Respiratory phenotype 4(24) 4 (36) >0.05
Kawasaki-like phenotype 4(24) 6 (55) >0.05

Data expressed in number (%). Bold indicates statistically significant values.
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shock; however, these were critically ill patients exclusively hospi-
talized in the PICU, unlike our study. Most cases received IVIG
and glucocorticoid treatment with a favorable response similar
to that found by other authors*®'%; however, it is important to
mention that more recent studies have not found a significant
difference in recovery after treatment with IVIG alone, IVIG
with glucocorticoid, or glucocorticoid alone (BATS study).*!
Our study found a high level of antibiotic prescription com-
pared to what was reported by Yock-Corrales et al.'®

Severe cases requiring PICU admission and those with
cardiac complications seem to be common in this study.
The underlying causes of MIS-C are still not fully understood.
The immune response in MIS-C seems different from that of
acute SARS-CoV-2 infection. The acute phase is characterized
by activated innate immune cells and T- and B-cell lymph-
openia, but vascular inflammation and endothelial dysfunc-
tion are also important in the pathophysiology.*> An increase
in cytokines and chemokines (cytokine storm) is proposed in
MIS-C, along with an activation of the innate and adaptive
immune system, higher concentrations of interleukin-10 (IL-
10), tumor necrosis factor alpha (TNF-a), soluble comple-
ment C5b9, and deformed red blood cells, which also sug-
gests a vascular compromise.'"? The incidence of MIS-C in
Latino and Hispanic populations appears to be higher;*”
however, it is not yet clear if there is a greater severity of the
disease in low- or middle-income countries, such as some of
the Latin American countries.

This study has some limitations. First, the data were obtained
from a single hospital, and we cannot extrapolate the findings
to other healthcare centers in Colombia due to the paucity of
national registries and local publications, although the findings
are not very different from what other Latin American stud-
ies have found. Second, this was a retrospective study and so
outpatient follow-up was not able to be conducted, especially
echocardiographic follow-up. A strength of the study is that this
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