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Risk factors of severe course and fatality in children 
hospitalized for COVID-19: a two-center cohort study
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A b s t r a c t

Introduction: After 3 years of the pandemic, predictors of COVID-19 severity 
in children are still not completely known. This study was designed to define 
the high-risk group in hospitalized children.
Material and methods: The analysis covered 2338 children in two centers. 
Among patients with a severe course, three groups were identified: requir-
ing and not requiring mechanical ventilation, and those who died.
Results: The median age of 70 children (54% female) with severe COVID-19 
was 32 months. In 43 (61%) children, comorbidities were present. No one 
was vaccinated against COVID-19. On admission, medium SpO2 was 89%. 
Sixty-five (93%) patients presented with dyspnea, and 49 (70%) with 
cough. Fifty-three (76%) children required noninvasive oxygen support and  
17 (24%) mechanical ventilation. Eight (11%) children died. The most sig-
nificant difference between mechanically ventilated children who recovered 
and those who died was age – 124 vs, 12.8 months (p < 0.001). Children 
requiring mechanical ventilation presented higher C-reactive protein (CRP) 
(median 33.4 vs. 6.7 mg/dl), lactate dehydrogenase (LDH), and ferritin. In 
children who died even higher CRP (55.9 vs. 7.9 mg/dl), deep lymphopenia 
(0.65 vs. 1.85 × 103/µl), and thrombocytopenia (7 vs. 237 × 103/µl) were 
observed.
Conclusions: Risk factors for a severe course of COVID-19 were: young age, 
lack of COVID-19 vaccination, auscultation changes and dyspnea at admis-
sion. The presence of comorbidities, high CRP, LDH, and ferritin levels were 
the predictors of need for mechanical ventilation and death. Among children 
mechanically ventilated, teenagers generally had a favorable prognosis of re-
covery, whereas infants with comorbidities were at the highest risk of death.

Key words: children, risk factors, comorbidities, severity, BCG, COVID-19, 
SARS-CoV-2, prediction.

Introduction

In December 2019, a  cluster of severe, life-threatening cases of 
pneumonia was detected in China, caused by severe acute respirato-
ry syndrome coronavirus-2 (SARS-CoV-2). On 11 March 2020, the World 
Health Organization (WHO) announced the coronavirus disease 2019 
(COVID-19) pandemic.

Since the beginning of the pandemic, children have been reported all 
over the world to present with an asymptomatic or mild course of the 
disease [1–3].
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However, it has been shown that chronic back-
ground illnesses, including heart disease, chronic 
lung disease, and/or asthma, developmental de-
lay, diabetes, immune compromise, malignancy, 
and obesity, can trigger severe COVID-19, includ-
ing in children [4]. SARS-CoV-2-related death in 
children is rare. In the United States, as of Feb-
ruary 2023, there were > 16 million cases of 
COVID-19 and 2098 COVID-19-associated deaths 
in children < 18 years of age (< 0.01%) reported 
to the Center for Disease Control and Prevention 
(CDC) [5].

This work aimed to analyze the COVID-19 
course in severely ill pediatric patients, hospital-
ized between March 2020 and September 2022. 
The analysis was conducted especially in terms 
of clinical presentation, laboratory findings, and 
outcomes. The study was designed to identify 
possibilities for the prediction of the severity of 
COVID-19 in hospitalized children.

Material and methods

Because of the COVID-19 pandemic an-
nounced by the WHO and the increasing inci-
dence in Poland, the Department of Infectious 
Diseases and Paediatrics was ordered to treat 
children with COVID-19. The University Chil-
dren’s Hospital was selected to provide highly 
specialized diagnosis and treatment, if neces-
sary. These organizational solutions centralized 
the care for children with COVID-19 in the south-
ern region of Poland. 

On 23 March 2020, the first children with 
COVID-19 were admitted to the hospital, and the 
prospective study was started. Up to 30 Septem-
ber 2022, 2338 children were hospitalized.

Data were collected in all successively admit-
ted patients, based on a  standard protocol. On 
admission, after taking the medical history and 
performing a physical examination, a planned set 
of laboratory tests was taken in all patients, in-
cluding complete blood count (CBC) parameters, 
C-reactive protein (CRP), alanine transaminase 
(ALT), lactate dehydrogenase (LDH), creatine ki-
nase (CK), ferritin, and procalcitonin (PCT). All 
children with a  severe course of COVID-19 had 
imaging tests taken (i.e., lung ultrasound (LU), 
chest X-ray, and high-resolution computed to-
mography (HRCT)). All children were subject 
to careful medical observation and treatment 
in accordance with current guidelines. Data on 
the course of hospitalization were also recorded 
in a  planned and strictly structured manner in 
a  specially designed database (length of hospi-
talization, length of oxygen treatment, antiviral 
treatment, systemic steroid therapy, pediatric 
intensive care unit (PICU) admission, respiratory 
therapy, and deaths).

Definitions

Owing to the absence of a  consensus defini-
tion of the disease’s severity in children, different 
definitions have been used in studies categorizing 
its level [6]. In this study, we used severity classi-
fication for acute SARS-CoV-2 infection provided 
in the multicenter interim guidance on the use of 
antivirals for children with COVID-19 [4, 7].

The severe case was diagnosed in a  patient 
with pneumonia, age 0–18 years, laboratory-con-
firmed COVID-19, and a new requirement for sup-
plemental oxygen or increased requirement from 
baseline without new or increased need for venti-
latory support (noninvasive or invasive). Patients 
diagnosed with multisystem inflammatory syn-
drome in children (MIS-C) were excluded.

According to the WHO and the National In-
stitute of Public Health recommendations [8, 9], 
COVID-19 was diagnosed using a positive reverse 
transcription and real-time polymerase chain re-
action (RT-PCR) and, since 30 October 2020, us-
ing the second-generation antigen tests based 
on a nasopharyngeal swab performed in certified 
laboratories.

Radiographic and ultrasonographic (USG) 
pneumonia diagnoses were based on the inter-
pretation by the treating physician. Lower respi-
ratory infections were diagnosed based on clinical 
presentation, LU, chest X-rays, and HRCT.

Remdesivir was used in our departments ac-
cording to the Food and Drug Administration’s 
(FDA) and European Medicines Agency’s (EMA’s) 
recommendations [10, 11].

Statistical analysis 

In the first stage of the analysis, the population 
of children with severe COVID-19 was described 
in detail. Next, among children diagnosed with 
severe COVID-19, the following subgroups of pa-
tients were identified for further analysis: 1) chil-
dren with severe COVID-19, who did not require 
mechanical ventilation and 2) children requiring 
mechanical ventilation. In addition, while evalu-
ating the collected data, it was decided to select 
a third subgroup of patients for analysis – children 
who died due to severe COVID-19. In the final 
stage of the analysis, the data of children with se-
vere COVID-19 were also compared with the data 
of children hospitalized due to COVID-19, but who 
did not meet the criteria for severe COVID-19. To 
reduce the risk of error associated with the lack 
of complete data, data from only one center were 
included in the analysis in this part of the study. 
The data for comparison came from the register 
of COVID-19 patients previously published by the 
authors of the study and included 1407 patients 
hospitalized between March 2020 and April 2022.
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The statistical analysis was performed using 
SPSS ver. 27 software (Armonk, NY, USA). Results 
were presented based on the parameters of de-
scriptive statistics, including the mean values 
and standard deviations (SD) for the quantitative 
variables with a  normal distribution or median 
values with the interquartile range for non-nor-
mally distributed data. Categorical variables were 
presented as numbers with percentages. Quali-
tative values were compared by the c2 test. The 
Kruskal-Wallis test was used for the analysis of 
the continuous variables investigated in the study. 
In all cases of statistical significance, a  pairwise 
comparison between the groups was performed 
using a  post-hoc test. In all analyses, a  p-value  
< 0.05 was considered statistically significant.

Results

Characteristics of children with severe 
COVID-19

Seventy among 2338 children hospitalized 
in two centers (3%) met the criteria of COVID-19 
severe course. The median age was 32.65 with 
a slight female prevalence (54%). In 43 (61%), co-
morbidities were present. Most often, neurological 
(26%), cardiological (14%), and genetic diseases 
(11%), and obesity occurred. Nine (13%) patients 
had multiple underlying conditions. On admis-
sion, medium SpO2 was 89%; 65 (93%) patients 
presented with dyspnea, 49 (70%) with cough,  
31 (44%) with neurological symptoms, and  
34 (49%) with dehydration. The medium length of 
stay was 13.9 days. Twenty-seven (37%) patients 
required admission to the PICU and 8 (11%) died. 
Although the vaccination against COVID-19 was 
available in Poland from 7 June 2021 for 12–15-year-
olds and from 4

 
December 2021 for 5–11-year-olds, 

nobody in our cohort was vaccinated.

Risk factors for the need for mechanical 
ventilation in children with severe COVID-19

Among 70 children with severe COVID-19,  
53 (76%) required passive oxygen therapy and  
17 (24%) mechanical ventilation. A  comparison 
of selected demographic and clinical data in the 
groups of children not requiring and requiring 
ventilator therapy is presented in Table I.

Children who required mechanical ventilation 
during COVID-19 were characterized by a higher 
incidence of chronic diseases (94% vs. 53%; p = 
0.003). These children reported slightly earlier af-
ter the onset of the first symptoms (3 vs. 4 days). 
On admission, they manifested less frequent 
cough (35% vs. 81%; p < 0.001) and dehydration 
(19% vs. 59%; p = 0.01). The markers of inflamma-
tion were higher (median CRP 33.4 vs. 6.7 mg/dl;  
p = 0.005), and lymphopenia and thrombocyto-

penia were observed. Moreover, higher concen-
trations of ferritin and LDH were found. It can be 
seen that 45% and 35% of children in both groups 
respectively have been treated with remde-
sivir; the difference is not statistically significant  
(p = 0.58). Medium length of stay was longer in 
the group of mechanically ventilated patients  
(29 vs. 9 days), as was the length of oxygen ther-
apy (21 vs. 5 days). Eleven (21%) children with 
noninvasive oxygen support and 16 (94%) in the 
group with invasive mechanical ventilation were 
treated in a  PICU (p < 0.001). Eight children re-
quiring mechanical ventilation died during hospi-
talization and 9 recovered. The most significant 
difference between children who recovered, and 
those who died was age – 124 vs. 12.8 months.

Risk factors for death in children with 
severe COVID-19

Table II presents a comparison of data in groups 
of children with severe COVID-19 who survived 
and those who died during severe COVID-19. The 
children who died because of COVID-19 were of 
special interest to us. They all presented under-
lying chronic diseases (100% vs. 57%) and re-
ported slightly earlier after the onset of the first 
symptoms (3 vs. 4 days). On admission, they pre-
sented less frequently with cough (25% vs. 76%; 
p = 0.007) and normal SatO2 (96% vs. 88%; p = 
0.002). It is worth noting that the markers of in-
flammation were higher (median CRP 55.9 vs.  
7.9 mg/dl; p = 0.02), and deep lymphopenia (0.65 
vs. 1.85 × 103/μl, p = 0.005), and thrombocytope-
nia (7 vs. 237 × 103/μl, p < 0.001) were observed. 
Significant differences in ferritin (252.1 vs. 1521.5 
mg/l, p < 001) and LDH (1210.7 vs. 287.5 U/l, p = 
0.028) levels were found. The time of hospitaliza-
tion was much shorter in the group of survivors 
(9 vs. 26 days). All eight fatalities were the result 
of COVID-19. All children had underlying diseas-
es but they were in a stable condition when they 
contracted COVID-19. The clinical manifestation 
of the disease leading to death was also typical 
for COVID-19, not for underlying diseases.

Risk factors for severe course of COVID-19 
in children

A comparison of selected demographic, clinical, 
and laboratory factors is presented in Table III.

The patients with severe COVID-19 were old-
er (median age: 34.8 vs. 18.5 months, p = 0.008). 
On admission, they more often presented cough 
(81% vs. 54%, p < 0.001), dyspnea (78% vs. 10%, 
p < 0.001), and auscultation changes (77.8% vs. 
18.8%, p < 0.001).

Interestingly, underlying chronic diseases were 
only slightly more frequent in the group of severe-
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ly ill children (39% vs. 25%, p = 0.08). Only im-
munosuppression was much more common in the 
group with the severe course (8.3% vs. 1.3%, p < 
0.001). Laboratory test results were similar in both 
groups; only small differences in platelet count 
and D-dimers on admission were found.

There was a significant difference between the 
studied groups in BCG vaccination (97% among 
the patients with mild course and only 88% in the 
group with severe course, p = 0.002).

Discussion

During the 3 years of the COVID-19 pandemic, 
the course of the disease has been changing. It is 
due to the succession of SARS-CoV-2 variants and 
growth of herd immunity. Since the beginning of 

the pandemic, children have been considered to 
have a good prognosis. Now the number of cas-
es is small and the course of COVID-19 is usually 
mild, but hospitalization among children has in-
creased since the emergence of contagious SARS-
CoV-2 variants and the achievement of a high vac-
cination rate in adults. The prediction of severity is 
still important to help in medical decision-making.

As a first step, the definition of severity should 
be described. There is no consensus definition of 
severe pediatric COVID-19, and in previous stud-
ies, different definitions were used. The most 
popular is the WHO definition, in which a severe 
course can be diagnosed in a  child with clinical 
signs of pneumonia (cough or difficulty in breath-
ing + fast breathing or chest wall indrawing + 

Table I. Characteristics of children not requiring and requiring mechanical ventilation

Parameter Children not requiring 
mechanical ventilation 

(n = 53) (76%)

Children requiring 
mechanical ventilation 

(n = 17) (24%)

P-value

Demographic data

 Age [months] Me (IQR) 34.2 (9.3–168) 27.6 (8.9–124) 0.52*

 Sex (male/female) 24/28 7/10 0.784**

 Chronic illness, n (%) 28 (53) 15 (94) 0.003**

Clinical data at admission

 Day from the onset of symptoms [days] 4 (2–6) 3 (1–3) 0.12*

 Cough, n (%) 43 (81) 6 (35) < 0.001**

 Dyspnea, n (%) 50 (94) 15 (88) 0.59**

 Dehydration, n (%) 31 (59) 3 (19) 0.01**

 Neurologic symptoms, n (%) 24 (45) 7 (41) 1.0**

 SpO2 at admission (%) 88 (84–90) 90 (84–98) 0.1*

Laboratory test results at admission

 CRP [mg/dl] 6.7 (1.4–33.3) 33.4 (5.5–68.2) 0.005*

 PCT [ng/ml] 0.34 (0.13–1.15) 1.25 (0.25–7.55) 0.09*

 WBC [103/µl] 8.82 (6.6–11.54) 6.36 (3.42–8.58) 0.027*

 Neutrophils [103/µl] 4.2 (2.06–7.2) 2.4 (1.2–4.8) 0.11*

 Lymphocytes [103/µl] 1.92 (1.04–4.48) 0.8 (0.4–1.4) 0.002*

 PLT [103/µl] 243 (158–335) 133 (8–207) < 0.001*

 LDH [U/l] 287.5 (253–412) 478.7 (347.5–1210.7) 0.11*

 CK [U/l] 89 (52–121) 66 (66–66) 0.65*

 Ferritin [µg/l] 238.5 (112.9–450) 507 (193.8–1101.7) 0.29*

 ALT [U/l] 25 (14–47) 24 (19.5–63) 0.45*

Management and outcome

 Oxygen therapy [days] 5 (2–7) 21 (7–29) < 0.001*

 Mechanical ventilation [days]   21 (4–29) n.a.

 Remdesivir therapy, n (%) 24 (45) 6 (35) 0.58**

 Remdesivir – onset date [days after admission] 5 (3–8) 2 (2–2) 0.015*

 Length of stay [days] 9 (6–11) 29 (10–37) < 0.001*

 PICU admission, n (%) 11 (21) 16 (94) < 0.001**

 Death, n (%) 0 8 (47) < 0.001**

*p-value for Kruskal-Wallis test, **p-value for c2 test.
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Table II. Characteristics of patients with severe course of COVID-19, who recovered and who died

Parameter Survivors of severe 
COVID-19 (n = 62)

Children who died 
during severe 

COVID-19 (n = 8)

P-value

Demographic data

 Age [months] Me (IQR) 35.1 (9.4–168) 12.8 (5.1–31.8) 0.05*

 Sex (male/female) 28/34 3/5 0.784**

 Chronic illness, n (%) 35 (57) 8 (100) 0.02**

Clinical data at admission

 Day from the onset of symptoms [days] 4 (2–6) 3 (1–3) 0.079*

 Fever, n (%) 44 (71) 3 (38) 0.16**

 Cough, n (%) 47 (76) 2 (25) 0.007**

 Dyspnea, n (%) 59 (95) 6 (75) 0.1**

 Dehydration, n (%) 31 (51) 3 (38) 0.78**

 Neurologic symptoms, n (%) 27 (44) 4 (50) 1.0**

 SpO2 at admission (%) 88 (84–90) 96 (92–100) 0.002*

Laboratory test results at admission

 CRP [mg/dl] 7.9 (2.4–38.1) 55.9 (5.9–232.6) 0.02*

 PCT [ng/ml] 0.4 (0.14–2.17) 1.25 (0.25–142.3) 0.34*

 WBC [103/µl] 8.56 (6.1–11.4) 7.03 (1.39–9.54) 0.09*

 Neutrophils [103/µl] 3.7 (2.12–6.62) 2.75 (0.5–5.8) 0.2*

 Lymphocytes [103/µl] 1.85 (0.9–4.42) 0.65 (0.2–0.9) 0.005*

 PLT [103/µl] 237 (156–306) 7 (5–35) < 0.001*

 LDH [U/l] 287.5 (252–422.5) 1210.7 (347.5–4701) 0.028*

 ALT [U/l] 24.5 (15–46.5) 25 (22–65) 0.28*

Management and outcome

 Remdesivir therapy, n (%) 28 (45) 2 (25) 0.45**

 Remdesivir – onset date [days after admission] 4 (2–7) 3 (2–3) 0.46*

 Length of stay [days] 9 (7–13) 26 (8–49) 0.05*

*p-value for Kruskal-Wallis test, **p-value for c2 test.

at least one of the following: SpO2 < 90%; very 
severe chest wall indrawing, grunting, central cy-
anosis, or presence of any other general danger 
sign (inability to breastfeed or drink, lethargy or 
unconsciousness, or convulsions)) [12]. While the 
diagnosis can be made on clinical grounds, chest 
imaging (radiograph, computed tomography (CT) 
scan, ultrasound) may assist in diagnosis and 
identify or exclude pulmonary complications [13].

Other investigators have expressed their own 
definitions. Zachariah et al. [14] defined sever-
ity as the need for ventilatory or hemodynamic 
support, and Dong et al. [15] defined it as having 
respiratory symptoms, dyspnea, and hypoxemia. 
Armin et al. [16] included a set of events that indi-
cate the severity of COVID-19: using a ventilator, 
oxygen with reservoir, taking a  vasoactive drug, 
intravenous immunoglobulin (IVIG) or corticoste-
roid therapy, and death.

In this study, we used severity classification for 
acute SARS-CoV-2 infection provided in the multi-
center interim guidance on the use of antivirals for 

children with COVID-19 [6, 7]. This was because 
they met the requirements for the use of antivirals 
in children and allowed for MIS-C exclusion.

The characteristics of our patients with the se-
vere course were similar to those in other studies, 
but a  difference concerned the frequency of co-
morbidities, which were only slightly more com-
mon in patients with the severe course. Other 
authors have described the overwhelming prev-
alence of patients with comorbidities [17–19]. It 
might have been due to the different definitions 
of disease severity in other studies.

Nevertheless, in our cohort in the group of pa-
tients requiring invasive oxygen treatment, the 
prevalence of those with underlying conditions 
was significant, and 100% of children who died 
because of COVID-19 had comorbidities. The most 
frequent were the same as in other studies – ge-
netic conditions, neurologic conditions, metabolic 
conditions, cardiovascular disease, obesity, diabe-
tes mellitus, chronic pulmonary diseases, and im-
munosuppression [20, 21].
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All children who died presented underlying 
diseases: three had cardiological conditions (con-
genital heart defects, cardiomyopathy), two were 
premature, there was one case of cri du chat syn-
drome, one of polycystic kidney disease, and one 
of acute lymphoblastic leukemia (ALL). Among all 
children with the severe course, there was a sig-
nificant predominance of those with neurological 
disorders, development retardation, cardiovas-
cular diseases, genetic disorders, and neonates. 
Thirteen percent of children had multiple comor-
bidities. It was also found by other authors that 
having multiple underlying conditions is associat-
ed with an increased risk of severe disease [19, 
22]. In multicenter studies of children admitted 
to PICUs with COVID-19 and COVID-19-related 
deaths, most of the patients had one or more un-
derlying conditions [20, 23, 24].

Although immune compromise has been report-
ed as an underlying condition in children with se-
vere COVID-19, the relationship between immune 

compromise and severe COVID-19 has not been 
well established. In small surveys of children who 
developed COVID-19 while receiving immunosup-
pressive medications, COVID-19 was mild [25, 26]. 
In another study that included eight children with 
rheumatic disease, active disease and use of glu-
cocorticoids were associated with severe disease 
[5, 27]. In our study, immunosuppression was sig-
nificantly more common in the group of children 
with a severe course of the disease.

Childhood cancer appears to be associated with 
increased severity of COVID-19. In a global registry 
study of COVID-19 in children with cancer includ-
ing 1500 patients, severe or critical infection and 
mortality were higher than in the general pediat-
ric population [5, 28]. Among children with cancer, 
the severe disease has been associated with in-
tensive chemotherapy, neutropenia, lymphopenia, 
comorbidity, and coinfection [28, 29]. There was 
only one child with ALL among children with se-
vere COVID-19 in our cohort. Children with hema-

Table III. Characteristics of patients with severe and non-severe COVID-19

Parameter Severe COVID-19  
(n = 36)

Non-severe COVID-19 
(n = 1371)

P-value

Demographic data

 Age [months] Me (IQR) 34.8 (10.3–175) 18.5 (5.6–62.6) 0.008*

 Sex (male/%) 14 (39) 728 (53) 0.09**

 Chronic illness, n (%) 14 (39) 343 (25) 0.08**

 Immunocompromised, n (%) 3 (8.3) 18 (1.3) 0.015**

 BCG vaccination, n (%) 30 (88) 1286 (97) 0.016**

Clinical data at admission

 Day from the onset of symptoms (days) 4 (2–7) 2 (1–5) 0.006*

 Fever, n (%) 27 (75) 955 (70) 0.58**

 Cough, n (%) 29 (81) 741 (54) 0.002**

 Dyspnea, n (%) 28 (78) 139 (10) < 0.001**

 GI disturbances, n (%) 6 (18) 231 (17) 0.81**

 Smell disturbances, n (%) 2 (5.6) 73 (5.3) 0.72**

 Taste disturbances, n (%) 2 (5.6) 72 (5.3) 0.71**

 Neurologic symptoms, n (%) 4 (11) 129 (9.4) 0.77**

Laboratory test results at admission

 CRP [mg/dl] 3 (1–29,3) 2.9 (1–11) 0.42*

 WBC [103/µl] 8.75 (6.3–12) 7.9 (5.8–11.2) 0.54*

 Neutrophils [103/µl] 3.16 (1.54–8.06) 2.65 (1.53–4.65) 0.09*

 Lymphocytes [103/µl] 3.76 (1.26–5.53) 3.41 (1.95–5.5) 0.26*

 PLT [103/µl] 232 (157–357) 288 (222–360) 0.04*

 LDH [U/l] 272 (220–401) 278 (229–319) 0.45*

 ALT [U/l] 20 (13–33) 20 (14–39) 0.76*

 D-dimer [ng/ml]L 543 (329–982) 921 (489–1568) 0.01*

Outcome

 Length of stay [days] 9 (6–11) 3 (2–5) < 0.001*

*p-value for Kruskal-Wallis test, **p-value for c2 test.
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tologic malignancy do not appear to be at greater 
risk of severe COVID-19 than children with nonhe-
matologic malignancy [5, 30].

Other conditions that may be associated with 
severe disease in children, but for which the evi-
dence is inconsistent, include age < 1 year [19, 24, 
31, 32], Down syndrome [33, 34] and prematurity 
[35, 36]. Our study confirmed them as risk factors 
for severe pediatric COVID-19.

In our cohort, children who required mechani-
cal ventilation manifested cough and dehydration 
more often, contrary to cases described in other 
studies. Also, similar laboratory results of high-
er markers of inflammation, lymphopenia, and 
thrombocytopenia with higher concentrations 
of ferritin and LDH have been reported by other 
authors [16, 18]. In children who died because 
of COVID-19, inflammatory markers, leucopenia, 
thrombocytopenia, LDH, and ferritin level were ex-
tremely high (Table II).

In this study, the BCG vaccination was also con-
sidered to be a  factor that influenced COVID-19 
severity, because it was hypothesized that coun-
tries without widespread tuberculosis prevention 
policies had a higher percentage of severe cases 
(Italy, France, and Spain) than countries that ad-
opted long-term widespread prevention (Japan, 
Denmark, and Korea). In Poland, antituberculosis 
BCG vaccination was obligatory, so in our pediatric 
study groups, over 95% of patients had been vac-
cinated. A  lack of BCG vaccination was found in 
12% of children with severe COVID-19 and 3% in 
other hospitalized children. Various publications 
have described the results of the first association 
between BCG vaccination and COVID-19 case se-
verity, but these have concerned only adults [37].

Our study had several limitations. The recom-
mendations regarding the rules for COVID-19 test-
ing, indications for hospitalization, and treatment 
availability were changing during the pandemic. 
This could have influenced the number of hospi-
talized and treated children, as well as the length 
of hospitalization.

Almost all children taking part in our study were 
Caucasian. In Poland, ethnic diversity is low, with 
racial minorities constituting a very small propor-
tion of the population. In other reports, Black Af-
rican and Hispanic populations were significantly 
overrepresented among severe COVID-19 pediat-
ric cases. 

The next limitation is the relatively small num-
ber of patients with a severe course of COVID-19 
in our study. Moreover, it cannot be ruled out that 
a child with severe disease could have been hospi-
talized and even could have died in another hospi-
tal in our region. Also, the numerous definitions of 
COVID-19 severity makes comparison with other 
studies difficult.

In conclusion, in our study, risk factors for a se-
vere course of COVID-19 were: young age, lack 
of COVID-19 and BCG vaccination, auscultation 
changes, and dyspnea on admission. The pres-
ence of comorbidities, high CRP, LDH, and ferritin 
levels were the predictors of need for mechanical 
ventilation and death. Among children mechani-
cally ventilated, teenagers generally had a  favor-
able prognosis of recovery, whereas infants with 
comorbidities were at the highest risk of death. 
Our observations may be useful for defining the 
high-risk group for severe COVID-19 and could 
help to guide hospital admission and prevention 
of COVID-19 in pediatric patients.

Funding

No external funding.

Ethical approval

The study was performed in accordance with 
the ethical standards of the Declaration of Hel-
sinki and its later amendments. It was approved 
by the Ethics Committee of the Regional Medi- 
cal Chamber in Krakow No. OIL/KBL/18/2020 on 
10 March 2020.

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1.	O’Driscoll M, Ribeiro Dos Santos G, Wang et al. Age-spe-

cific mortality and immunity patterns of SARS-CoV-2. 
Nature 2021; 590: 140-5.

2.	CDC Data. Available from: https://data.cdc.gov/d/9bhg-
hcku/visualization. Accessed March 15, 2023.

3.	Coronavirus (COVID-19) Latest Insights: Deaths. https://
www.ons.gov.uk/peoplepopulationandcommunity/
healthandsocialcare/conditionsanddiseases/articles/
coronaviruscovid19latestinsights/deaths#deaths-by-
age. Accessed March 15, 2023.

4.	COVID-19: Management in children. Available from: 
https://www.uptodate.com/contents/covid-19-man-
agement-in-children?topicRef=127488&amp;source=-
see_link. Accessed March 15, 2023.

5.	Demographic Trends of COVID-19 cases and deaths in 
the US reported to CDC. Available from: https://covid.
cdc.gov/covid-data-tracker/#demographics. Accessed 
March 15, 2023.

6.	COVID-19: Clinical manifestations and diagnosis in 
children. Available from: https://www.uptodate.com/
contents/covid-19-management-in-children?topicRef= 
127488&amp;source=see_link. Accessed March 15, 
2023.

7.	Chiotos K, Hayes M, Kimberlin DW, et al. Multicenter 
interim guidance on use of antivirals for children with 
coronavirus disease 2019/severe acute respiratory syn-
drome coronavirus 2. J Pediatric Infect Dis Soc 2021; 10: 
34-48.

8.	WHO Recommendations for national SARS-CoV-2 test-
ing strategies and diagnostic capacities. Available from: 



Lidia Stopyra, Aleksandra Kowalik, Łukasz Wentrys, Przemko Kwinta

8� Arch Med Sci

https://www.who.int/publications/i/item/WHO-2019-
nCoV-lab-testing-2021.1-eng. Accessed March 15, 2023.

9.	Polish National Institute of Public Health Recommenda-
tions on SARS-Cov2 Laboratory Diagnostics. Available 
from: https://www.pzh.gov.pl/koronawirus-sars-cov-2/
wytyczne-i-rekomendacje/. Accessed March 15, 2023.

10.	EMA Summary of Product Characteristics Veklury 100 
mg. Available from: https://www.ema.europa.eu/en/
documents/other/veklury-product-information-ap-
proved-chmp-25-june-2020-pending-endorsement-eu-
ropean-commission_en.pdf. Accessed March 15, 2023.

11.	Fact sheet for healthcare providers Emergency Use Au-
thorization (EUA) of Veklury® (remdesivir) for the treat-
ment of coronavirus disease 2019 (Covid-19) in pediatric 
patients weighing 3.5 kg to less than 40 kg or pediatric 
patients less than 12 years of age weighing at least 3.5 
kg, with positive results of direct Sars-cov-2 viral test-
ing who are: hospitalized, or not hospitalized and have 
mild-to-moderate Covid-19, and are at high risk for 
progression to severe Covid-19, including hospitaliza-
tion or death. Available from: https://www.fda.gov/me-
dia/137566/download. Accessed March 15, 2023.

12.	National Institutes of Health. Coronavirus Disease 
2019 (COVID-19) Treatment Guidelines. Available from: 
https://www.covid19treatmentguidelines.nih.gov/. Ac-
cessed March 15, 2023.

13.	WHO Living guidance for clinical management of 
COVID-19. Available from: https://apps.who.int/iris/bit-
stream/handle/10665/349321/WHO-2019-nCoV-clini-
cal-2021.2-eng.pdf. Accessed March 15, 2023.

14.	Zachariah P, Johnson CL, Halabi KC, et al. Epidemiology, 
clinical features, and disease severity in patients with 
coronavirus disease 2019 (COVID-19) in a  Children’s 
Hospital in New York City, New York. JAMA Pediatr 2020; 
174: e202430.

15.	Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 
among children in China. Pediatrics 2020; 145: 
e20200702.

16.	Armin S, Mirkarimi M, Pourmoghaddas Z, et al. Evi-
dence-based prediction of COVID-19 severity in hospi-
talized children. Int J Clin Pract 2022; 2022: 1918177.

17.	Choi JH, Choi SH, Yun KW. Risk factors for severe 
COVID-19 in children: a  systematic review and meta- 
analysis. J Korean Med Sci 2022; 37: e35.

18.	Kara AA, Böncüoğlu E, Kıymet E, et al. Evaluation of 
predictors of severe-moderate COVID-19 infections at 
children: a review of 292 children. J Med Virol 2021; 93: 
6634-40.  

19.	Woodruff RC, Campbell AP, Taylor CA, et al. Risk factors 
for severe COVID-19 in children. Pediatrics 2022; 149: 
e2021053418.

20.	Shekerdemian LS, Mahmood NR, Wolfe KK, et al. Char-
acteristics and outcomes of children with coronavirus 
disease 2019 (COVID-19) infection admitted to US and 
Canadian pediatric intensive care units. JAMA Pediatr 
2020; 174: 868-73.

21.	Williams N, Radia T, Harman K, Agrawal P, Cook J,  
Gupta A. COVID-19 Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection in children and ad-
olescents: a systematic review of critically unwell chil-
dren and the association with underlying comorbidities. 
Eur J Pediatr 2021; 180: 689-97.

22.	Preston LE, Chevinsky JR, Kompaniyets L, et al. Charac-
teristics and disease severity of US children and ado-
lescents diagnosed with COVID-19. JAMA Netw Open 
2021; 4: e215298.

23.	González-Dambrauskas S, Vásquez-Hoyos P, Campore- 
si A, et al. Pediatric critical care and COVID-19. Pediat-
rics 2020; 146: e20201766.

24.	Götzinger F, Santiago-García B, Noguera-Julián A, et al. 
COVID-19 in children and adolescents in Europe: a mul-
tinational, multicentre cohort study. Lancet Child Ado-
lesc Heal 2020; 4: 653-61.

25.	Marlais M, Wlodkowski T, Vivarelli M, et al. The severity 
of COVID-19 in children on immunosuppressive medica-
tion. Lancet Child Adolesc Health 2020; 4: e17-8.

26.	Sengler C, Eulert S, Minden K, et al. Clinical manifesta-
tions and outcome of SARS-CoV-2 infections in children 
and adolescents with rheumatic musculoskeletal dis-
eases: data from the National Paediatric Rheumatology 
Database in Germany. RMD Open 2021; 7.

27.	Calvo C, Udaondo C. COVID-19 in children with rheu-
matic diseases in the Spanish National Cohort EPICO- 
AEP. J Rheumatol 2021; 48: 1190-2.

28.	Mukkada S, Bhakta N, Chantada GL, et al. Global char-
acteristics and outcomes of SARS-CoV-2 infection in 
children and adolescents with cancer (GRCCC): a cohort 
study. Lancet Oncol 2021; 22: 1416-26.

29.	Haeusler GM, Ammann RA, Carlesse F, et al. SARS-CoV-2 
in children with cancer or after haematopoietic stem 
cell transplant: an analysis of 131 patients. Eur J Cancer 
2021; 159: 78-86.

30.	Millen GC, Arnold R, Cazier JB, et al. COVID-19 in children 
with haematological malignancies. Arch Dis Child 2022; 
107: 186-8.

31.	Parri N, Magistà AM, Marchetti F, et al. Characteristic of 
COVID-19 infection in pediatric patients: early findings 
from two Italian Pediatric Research Networks. Eur J Pe-
diatr 2020; 179: 1315-23.

32.	Ouldali N, Yang DD, Madhi F, et al. Factors associated 
with severe SARS-CoV-2 infection. Pediatrics 2021; 147: 
e2020023432.

33.	Newman AM, Jhaveri R, Patel AB, Tan TQ, Toia JM, Ar-
shad M. Trisomy 21 and coronavirus disease 2019 in 
pediatric patients. J Pediatr 2021; 228: 294-6. 

34.	Ku JH, Levin MJ, Luo Y, et al. Risk of severe coronavirus 
disease 2019 disease in individuals with Down syn-
drome: a matched cohort study from a large, integrated 
health care system. J Infect Dis 2022; 226: 757-65.

35.	Kompaniyets L, Agathis NT, Nelson JM, et al. Underlying 
medical conditions associated with severe COVID-19 
illness among children. JAMA Netw Open 2021; 4: 
e2111182.

36.	Wallace B, Chang D, Woodworth K, et al. Illness sever-
ity indicators in newborns by COVID-19 status in the 
United States, March-December 2020. J Perinatol 2022; 
42: 446-53.

37.	Czajka H, Zapolnik P, Krzych Ł, et al. A multi-center, ran-
domised, double-blind, placebo-controlled phase III clin-
ical trial evaluating the impact of BCG re-vaccination 
on the incidence and severity of SARS-CoV-2 infections 
among symptomatic healthcare professionals during 
the COVID-19 Pandem. Vaccines 2022; 10: 314.


	_Hlk133670096
	_Hlk133683983
	_Hlk133671255
	_Hlk133684251
	_Hlk133684301
	Bookmark1
	_Hlk133677499
	_Hlk133671192
	Bookmark2
	_Hlk133675435
	_Hlk133685608
	_Hlk133669887

