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Background and aim: Occasionally, children with COVID-19 may develop arrhythmia, myocarditis, and cardio-
genic shock involving multisystemic inflammatory syndrome in children (MIS-C). This study aimed to identify
the laboratory parameters that may predict early cardiovascular involvement in these patients.
Materials and methods: Data of 320 pediatric patients, aged 0–18 years (average age, 10.46 ± 5.77 years; 156
female), with positive COVID-19 reverse transcription–polymerase chain reaction test and with cardiac bio-
markers at the time of admission to the pediatric emergency department were retrospectively scanned. The
age, sex, COVID-19-associated symptoms, pro-brain natriuretic peptide (proBNP), CK-MB, and troponin I levels
of the patients were recorded.
Results: Fever was noted in 58.1% of the patients, cough in 29.7%, diarrhea in 7.8%, headache in 14.7%, sore throat
in 17.8%, weakness in 17.8%, abdominal pain in 5%, loss of taste in 4.1%, loss of smell in 5.3%, nausea in 3.4%,
vomiting in 3.8%, nasal discharge in 4.4%, muscle pain in 5%, and loss of appetite in 3.1%. The proBNP value
≥282 ng/L predicted the development of MIS-C with 100% sensitivity and 93% specificity [AUC: 0.985
(0.959–1), P < 0.001]; CK-MB value ≥2.95 with 80% sensitivity and 77.6% specificity [AUC: 0.792 (0.581–1),
P = 0.026]; and troponin I value ≥0.03 with 60% sensitivity and 99.2% specificity [AUC: 0.794 (0.524–1)].
Conclusions: Cardiac markers (proBNP and troponin I), especially proBNP, could be used to detect early diagnosis
of cardiac involvement and/or MIS-C in pediatric patients with COVID-19 and to predict related morbidity and
mortality.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

After the first cases were reported in Wuhan in December 2019, the
World Health Organization (WHO) declared the SARS-CoV-2 (COVID-
19) outbreak a pandemic on March 11, 2020 [[1]]. Initially, it was
thought that the infection, which caused very high mortality and mor-
bidity among adults, people with comorbid conditions, and those with
advanced age, did not cause a significant health problem in children.
However, a case series of eight previously healthy children presenting
with fever, hyper inflammation, and cardiovascular shock was reported
in late April 2020 [2]. It was understood that this condition, which is
thought to be a disease similar to Kawasaki disease, was different
from Kawasaki in terms of presentation and age group as the number
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of cases increased. While Kawasaki disease was diagnosed mostly
withmucocutaneous findings, conditions such as gastrointestinal prob-
lems, severe left ventricular systolic dysfunction, and vasoactive and
vasopressor need were seen to be more prominent in multisystem in-
flammatory syndrome in children (MIS-C) [3]. As the pandemic
progressed, the Centers for Disease Control and Prevention published
theMIS-C diagnostic criteria in children, as the number of patients diag-
nosedwithMIS-C increased in proportion to the increase in the number
of pediatric patients related to it [4]. According to these diagnostic
criteria, for the diagnosis of MIS-C; being under the age of 21, fever
exceeding 38 degrees for 24 h, laboratory data showing inflammation
(C-reactive protein, erythrocyte sedimentation rate, fibrinogen, D-
Dimer, ferritine, LDH, IL6, neutrophilia and hypoalbuminemia), serious
illness to be hospitalized, 2 and more organ involvement (cardiac,
renal, respiratory, hematologic, gastrointerstinal, dermatologic and
neurologic), no other plausible diagnosis, SARS-CoV2 infection or expo-
sure defined as positive PCR, serology or antigen test and COVID-19
exposure within four weeks prior to onset conditions must be met.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2021.06.075&domain=pdf
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Table 1
Demographic characteristics of pediatric patients with COVID-19 infection.

Mean ± SD (min–max)

Age (year) 10.46 ± 5.77 (0–18)
N (%)

Gender Female 156 (48.8)
Male 164 (51.2)

Have symptoms 290 (90.6)
No symptoms 30 (9.4)
Fever 186 (58.1)
Cough 95 (29.7)
Diarrhea 25 (7.8)
Headache 47 (14.7)
Throat ache 57 (17.8)
Runny nose 14 (4.4)
Nausea 11 (3.4)
Vomiting 12 (3.8)
Abdominal pain 16 (5)
Weakness 57 (17.8)
Loss of taste 13 (4.1)
Loss of smell 17 (5.3)
Myalgia 16 (5)
Loss of appetite 10 (3.1)
Ambulatory 213 (66.6)
Follow-up at the pediatric emergency service 102 (31.9)
Follow-up in intensive care 5 (1.5)

Statistics: Descriptive statistics and frequency.
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The increasing importance of cardiac markers such as pro-BNP,
troponin, CK-MB and creatine kinase in the follow-up of cases led to
their use in diagnosing the disease and in the follow-up of treatment
processes [2,5,6].

This study aimed to retrospectively examine thefiles of patientswho
were admitted to the pediatric emergency department with a positive
COVID-19 reverse transcription–polymerase chain reaction (RT-PCR)
test, and to investigate laboratory markers that could predict cardiovas-
cular involvement.

2. Materials and methods

2.1. Study design

In this retrospective, single-center, observational study, pediatric pa-
tients aged 0–18 years with a positive COVID-19 RT-PCR test and with
cardiacmarkers at admission to the pediatric emergencywere included
between April 1, 2020, and December 1, 2020. ProBNP, troponin I,
creatine kinase and CK-MB were screened as cardiac markers.

The study was conducted in accordance with the Declaration of
Helsinki. Ethical approval was obtained from local ethics committee
before the study (2021/06–03).

2.2. Exclusion criteria

Patients with a negative COVID-19 RT-PCR test at admission but
subsequently found positive were not included in the study. Patients
without cardiac markers were excluded.

2.3. Data analysis

The demographic characteristics and clinical and laboratory findings
(hemogram, pro–brain natriuretic peptide (proBNP), creatine kinase,
CK-MB, and troponin I) were scanned from medical records of the
patients included in the study.

2.4. COVID-19 RT-PCR analysis

Nasopharyngeal swabs of the patientswere examined using the BIO-
RAD CFX96 Real-Time System C1000 Touch Thermal Cycler Device,
SARS-CoV-2 Double Gene RT-qPCR 1000 Rxn kit, and COVID-19
RT-PCR kit.

2.5. Statistical analyses

Statistical Package for the Social Sciences for Windows 22 software
was used for statistical analysis. Study variableswere presented as num-
ber (n) – percentage (%) and mean ± standard deviation. The normal
distribution of variables was tested using the Kolmogorov–Smirnov
test. Normally distributed parameters were evaluated by one-way anal-
ysis of variance or Student t-test; the Kruskal–Wallis or Mann–Whitney
U test was used for numerical variables that did not show normal distri-
bution. Student t-test, Mann–Whitney U test, and chi-square test were
used to evaluate statistical significance. The receiver operator character-
istic (ROC) curve analysis was performed to find an optimal cut-off
point for the MIS-C prediction. A P value less than 0.05 was considered
statistically significant.

3. Results

A total of 3249 pediatric patients that had fever and/or COVID-19
contact applied to the COVID-19 pediatric emergency service on the
specified dates, and 536 of them tested positive for COVID-19 using
the RT-PCR test. Of these patients, 320 children in whom cardiac
markers were screened were included in the study. The average age of
the patients was 10.46 ± 5.77 years (0–18); 156 (48.8%) were female
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and 164 (51.2%) male. While 51 of the patients (15.9%) had no history
of contact, 269 (84.1%) had a history of contact. When the patients
were evaluated according to their presenting symptoms, fever was
noted in 186 (58.1%) patients, cough in 95 (29.7%) patients, diarrhea
in 25 (7.8%) patients, headache in 47 (14.7%) patients, sore throat in
57 (17.8%) patients, nasal discharge in 14 (4.4%) patients, nausea in 11
(3.4%) patients, vomiting in 12 (3.8%) patients, abdominal pain in 16
(5%) patients, fatigue in 57 (17.8%) patients, loss of taste in 13 (4.1%) pa-
tients, loss of smell in 17 (5.3%), myalgia in 16 (5%) patients, and loss of
appetite in 10 (3.1%) patients. Moreover, 290 of 320 patients were
symptomatic; 30 (9.4%) patients had no complaints. The duration of
the complaints was 2 ± 2.20 (1–14) days on average. Further, 213 of
the patients (66.6%) were followed up in outpatient, 102 (31.9%) were
admitted to the pediatric emergency service, and 5 (1.5%) were admit-
ted to the intensive care unit (Table 1).

The average values of laboratory parameters of the patients
with COVID-19 infection were as follows: white blood cell count
(WBC) (109): 6.821 ± 2.784 (min:2.21– max:25.12), hemoglobin
(Hb) (g/dL): 13.15 ± 1.60 (min:7.9–max:17.4), platelet (109 L):
254.72 ± 74.01 (min:81– max:592), C-reactive protein (CRP) (mg/L):
5.82 ± 8.56 (min:3–max:62), procalcitonin (μg/L): 0.086 ± 0.125
(min:0.02–max:1.69), proBNP (ng/L): 248.09 ± 1699.40 (min:35–
max:28,000), creatinine kinase (CK) (U/L): 110.47 ± 78.89 (min:32-
max:814), CK-MB (μg/L): 2.97 ± 2.45 (min:0.5–max:19), and troponin
I (μg/L): 0.003 ± 0.20 (min:0–max:0.23) (Table 2).

The patients diagnosed with MIS-C were as follows: An 11-year-old
male with severe sequelae was followed up with cerebral palsy and
epilepsy. He was also operated on from aortic coarctation. He was ad-
mitted to the emergency department with fever, diarrhea, vomiting,
and cough. He had pneumonia. Ferritin was 127 μg/L, procalcitonin
0.57 μg/L, and neutrophil 22.560∙109/L. There was a period of 1 week
between the onset of complaints and the time of admission to the emer-
gency department, and when the patient came to the emergency
department, he was diagnosed with MIS-C according to the CDC diag-
nostic criteria since he had multi-system involvement. The other
patient, a 1-month-old girl, was being followed up with aortic coarcta-
tion. The time elapsed between the patient's admission to us and the de-
tection of COVID-19 PCR positive in another hospital was 4 days. When
the patient applied to us, hehad complaints of fever and decreased feed-
ing. Ferritin was 371 μg/L, procalcitonin 0.1 μg/L, proBNP 28,000 ng/L,



Table 2
Evaluation of mean laboratory values of patients with COVID-19 infection.

Mean ± SD Minimum–Maximum

WBC (109 L) 6.821 ± 2.784 2.21–25.12
Hb (g/dL) 13.15 ± 1.60 7.9–17.4
PLT (109 L) 254.72 ± 74.01 81–592
CRP (mg/L) 5.82 ± 8.56 3–62
Procalcitonin (μg/L) 0.086 ± 0.125 0.02–1.69
ProBNP (ng/L) 248.09 ± 1699.40 35–28,000
CK (U/L) 110.47 ± 78.89 32–814
CK-MB (μg/L) 2.97 ± 2.45 0.5–19
Troponin I (μg/L) 0.003 ± 0.20 0–0.23

Statistics: Descriptive. Abbreviations: CK, Creatine kinase; CRP, C-reactive protein; Hb, he-
moglobin; MIS-C, multisystem inflammatory syndrome in children; proBNP, pro–brain
natriuretic peptide; WBC, white blood cell count.

Table 4
Determination of cut-off points of laboratory data that can predict MIS-C development.

Cut-off
value

AUC Sensitivity Specificity Asymptotic 95%
confidence interval

P

ProBNP ≥282 0.985 1 0.930 0.959–1 <0.001
CK-MB ≥2.95 0.792 0.800 0.776 0.581–1 0.026
Troponin I ≥0.03 0.794 0.600 0.992 0.524–1 0.024

Statistics: ROC curve analysis. Abbreviations: CK, Creatine kinase; MIS-C, multisystem in-
flammatory syndrome in children; proBNP, pro–brain natriuretic peptide.
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troponin I 0.17 μg/L. This patient was diagnosed as MIS-C when he ap-
plied to the emergency department according to the CDC diagnostic
criteria. 0ur other patient who developed MIS-C was a 14-year-old girl
with hypertrophic cardiomyopathy, mitral valve regurgitation, and
with ICD (Implantable cardioverter defibrillator). She presented with
fever, cough and headache. The complaints of this patient started 2
weeks before he applied to us. Lymphocyte was 0.970∙109/L, troponin I
0.23 μg/L, proBNP 7940 ng/L, procalcitonin 0.08 μg/L. This patient was
diagnosed according to the CDC criteria. The other patient was a 3-
month-old male patient. He presented with fever, diarrhea and lack of
urine. He was followed with ventricular septal defect and pulmonary
hypertension. The patient had severe dehydration at the time of admis-
sion. Creatinine was 5.76 mg/dL, procalcitonin 0.48 μg/L, ferritin 158
μg/L. The COVID-19 PCR of this patient resulted on the 3rd day of hospi-
talization and was diagnosed as MIS-C. The other MIS-C patient was 6
days old. He applied with fever, vomiting, decreased feeding and respi-
ratory distress for 2 days. It was learned that his aunt and grandfather
were diagnosed with COVID-19 and they loved and cared for the baby.
The mother was COVID-19 PCR negative. Ferritin 273 μg/L, pro BNP
4440 ng/L, procalcitonin 0.16 μg/L. At the time of admission, the patient
was defined as MIS-C according to the CDC criteria. There was no con-
genital cardiac anomaly in the echocardiography of the baby.

When the laboratory findings of COVID-19 patients with and
without MIS-C were evaluated, no significant differences in WBC, Hb,
PLT, CRP, and CK values (P = 0.143, 0.905, 0.343, 0.312, and 0.218,
respectively) were found between the two groups. The procalcitonin,
proBNP, CK-MB, and troponin I values were significantly higher in the
group withMIS-C (P=0.004, <0.001, 0.013, and < 0.001, respectively)
(Table 3). The cut-off points of the laboratory parameters were
determined using the ROC curve analysis to predict the development
of MIS-C in patients with COVID-19. According to this analysis,
Table 3
Comparison of the laboratory findings of patients infected with COVID-19 with and with-
out MIS-C.

MIS-C (−) MIS-C (+) P

(315) (5)

Mean ± SD Mean ± SD

WBC (109 L) 6.75 ± 2.58 11.18 ± 8.27 0.143
Hb (g/dL) 13.14 ± 1.59 13.22 ± 2.24 0.905
PLT (109 L) 254.09 ± 73.62 294.40 ± 96.71 0.343
CRP (mg/L) 5.85 ± 8.62 4.00 ± 1.92 0.312
Procalcitonin (μg/L) 0.082 ± 0.120 0.278 ± 0.229 0.004
ProBNP (ng/L) 108.65 ± 231.56 8558.60 ± 11,237.50 <0.001
CK (U/L) 108.52 ± 74.62 231.80 ± 199.65 0.218
CK-MB (μg/L) 2.84 ± 2.11 7.56 ± 7.11 0.013
Troponin I (μg/L) 0.0012 ± 0.0104 0.0880 ± 0.1056 <0.001

Statistics: Mann–Whitney U test. Abbreviations: CK, Creatine kinase; CRP, C-reactive pro-
tein; Hb, hemoglobin; MIS-C, multisystem inflammatory syndrome in children; proBNP,
pro–brain natriuretic peptide; WBC, white blood cell count.
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proBNP ≥282 ng/L predicted the development of MIS-C with 100%
sensitivity and 93% specificity [AUC: 0.985 (0.959–1), P < 0.001] in pa-
tients with COVID-19 infection. Moreover, CK-MB ≥2.95 μg/L could pre-
dict the development ofMIS-Cwith 80% sensitivity and 77.6% specificity
[AUC: 0.792 (0.581–1), P = 0.026]; and troponin I = 0.03 could do
so with 60% sensitivity and 99.2% specificity [AUC: 0.794 (0.524–1),
P = 0.024] (Table 4).
4. Discussion

COVID-19 disease is an infectious disease that affects the whole
world, has devastating results in adult patients, and has a milder course
in pediatric patients, but can result in severe consequences in pediatric
patientswhodevelopMIS-C [3]. According to a systematic reviewof 131
studies involving 7780 pediatric patients with COVID-19 infection from
26 countries, the most common clinical symptoms reported were
rhinorrhea (20.0%), fever (59.1%), myalgia/fatigue (18.7%), and cough
(55.9%) [7]. Fever (40%–80%), cough (50%–80%), and shortness of breath
(13%–30%) were also reported in the pediatric case series [8-13]. In this
study, fever was found in 58.1% of patients, cough in 29.7%, diarrhea in
7.8%, headache in 14.7%, sore throat in 17.8%, weakness in 17.8%, ab-
dominal pain in 5%, loss of taste in 4.1%, loss of smell in 5.3%, nausea
in 3.4%, vomiting in 3.8%, nasal discharge in 4.4%, muscle pain in 5%,
loss of appetite in 3.1%, runny nose in 4%, myalgia in 5%, and anorexia
in 3.1%.Moreover, 30 patients (9.4%) had no complaints, who presented
only because of a history of contact. COVID-19 infection in young infants
usually presents clinically with unexplained fever and mild respiratory
symptoms [14], and acute respiratory distress syndrome develops
rarely compared with adults [7]. The rate of hospitalization has been
10%–33% in adult patients with COVID-19 infection and 5.7%–20% in
the pediatric population under 18 years of age. In addition, the intensive
care unit admission rate has been 1.4%–4.5% in adults and 0.58%–2% in
the pediatric population [15]. In a study conducted in pediatric patients
with COVID-19 infection, severe cases were detected in 11% of infants
and 3% in adolescents aged 16 years and more, and infants had more
severe infections than older children [9]. Patientswith comorbid disease
and/or those younger than 1 year of age had a higher rate of severe
infection [14]. In this study, in line with the literature, 213 patients
(66.6%) were followed up as outpatients, 102 patients (31.9%) were
admitted in the ward, and 5 patients (1.5%) were admitted in intensive
care. Further, 80% of the patients were admitted to the pediatric inten-
sive care unit (PICU)who had at least one comorbid condition (congen-
ital heart disease, cerebral palsy, and epilepsy). In addition, 60% of the
patients admitted to the PICU were less than 1-year old.

Of our MIS-C patients, 1 had acquired heart disease and 3 had con-
genital heart disease. The proBNP levels were higher in patients with
heart disease compared with the healthy population [16]. However,
on examining the published studies on this topic, the proBNP levels
were generally lower than 1000 ng/L in patients with heart failure
with left-to-right shunt [16-18]. In this study, although 80% of the pa-
tients diagnosed with MIS-C had heart disease, the mean value for
proBNP was approximately eight times higher (8500 ng/dL) than that
reported in previous studies. This differencemight be because of the pri-
mary cardiac damage due to COVID-19-related MIS-C.
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Natriuretic peptides are protein molecules released from the ventri-
cles in response to volume or pressure load [19]. Brain natriuretic pep-
tide (BNP) is synthesized and released mainly in left ventricular
myocytes in response to ventricular volume expansion or stretching
due to pressure loading of myocytes [20]. Initially, the hormone is syn-
thesized as pre-pro BNP and then cleaved to proBNP. ProBNP also disso-
ciates into active BNP and inactive NT-proBNP. BNP is a biologically
activemolecule that corrects myocardial dilation by causing natriuresis,
vasodilation, and diuresis [21]. In a study using adult patients, the eleva-
tion of NT-proBNP was suggested to be an independent risk factor for
in-hospital deaths among patients with severe COVID-19 [22]. In this
study, the high rate of proBNP in all patients admitted to the PICU com-
pared with other patients revealed its prognostic importance following
the literature.

Typical symptoms ofMIS-C are fever, rash, abdominal pain, diarrhea,
and vomiting. Low blood pressure, shock, and heart abnormalities are
common physical symptoms. Often, laboratory results show high neu-
trophil count, high CRP, low lymphocyte count, and abnormal blood re-
sults suggestive of severe inflammation [23]. COVID-19 infection
triggers macrophage activation and helper-T-cell activation in its
follow-up. It leads to B-cell and plasma-cell activation,massive cytokine
release, and antibody production. Immune dysregulation and hyperac-
tive immune response develop [3,24]. Valverde et al. reported that car-
diac involvement was common in 286 children with MIS-C in Europe,
with significantly higher levels of NT-pro-BNP, ferritin, D-dimer, and
cardiac troponin in addition to high levels of CRP and procalcitonin
[25]. In the patient group included in the present study, MIS-C was de-
tected in five (1.5%) patients. In accordance with the literature, higher
proBNP, CK-MB, troponin I, and procalcitonin values were found at the
time of first application to the pediatric emergency service of children
with COVID-19 infection in patientswithMIS-C than thosewithout. Un-
like in the literature, a proBNP value of 282 in this study was predictive
for the development of MIS-C with 100% sensitivity and 93% specificity.
Similarly, CK-MB ≥2.95 and troponin I ≥ 0.03 had predictive values for
MIS-C (Table 4). The present studywas novel in predicting the develop-
ment of MIS-C in pediatric patients found positive for COVID-19 using
RT-PCR test who were admitted to the emergency department.

In our country, everyone can apply the emergency departments.
Every patient who admitted to the emergency department is evaluated.
Patients are taken to red, yellow, and green areas, depending on their
urgency. Accordingly, outpatient patients who are admitted in the
green area, who are stable in terms of their general condition and who
can be treated on an outpatient basis, patients with simple health prob-
lems such as all kinds of painwith nohigh risk and low-risk illnesswith-
out active complaints are evaluated. In the yellow and red areas, more
risky and critical patients are evaluated [26,27]. Thus, there were pa-
tients in the green field among the patients who were evaluated in
the pediatric emergency department in the study. Therefore, since our
study includes low-risk patients, the cut-off values found may be valu-
able to clinicians in demonstrating the severity of the disease in
laboratory.

This study had some limitations. It was retrospective in nature, small
number of patients were included in the study, and a small number of
patients were in the MIS-C group. However, this study is valuable
being thefirst to indicate a cut-off in the values of laboratory parameters
in predicting patients with MIS-C.

5. Conclusions

In conclusion, early detection of cardiac involvement and/or MIS-C,
one of the most important prognostic factors in COVID-19 infection, is
vital. Since the study includes low-risk patients, the cut-off values stated
are important in predicting the prognosis of the patients. This studypro-
vides data that will assist clinicians in identifying cardiac involvement
and/or MIS-C with poor prognosis in pediatric patients with COVID-19
infection. In addition, this study will shed light on the larger and more
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comprehensive studies required to determine the prognostic factors of
COVID-19 infection.
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