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Abstract: SARS-CoV-2 pneumonia in children has a lower incidence and severity compared to adults.
Risk factors are adolescence and comorbidities. Our aims were to describe the characteristics of
children admitted with SARS-CoV-2 pneumonia, identify risk factors associated with severity and
compare the cases according to the variant of SARS-CoV-2. This was a descriptive and retrospective
study, including patients aged 0-18 years hospitalized in a tertiary-care hospital between 1 March
2020 and 1 March 2022. Epidemiological, clinical, diagnostic and therapeutic data were analyzed.
Forty-four patients were admitted; twenty-six (59%) were male and twenty-seven (61%) were older
than 12 years. Thirty-six (82%) had comorbidities, the most frequent of which were obesity and
asthma. Seven (15.9%) patients required high-flow oxygen, eleven (25%) non-invasive ventilation
and four (9.1%) conventional mechanical ventilation. In critically ill patients, higher levels of anemia,
lymphopenia, procalcitonin, lactate dehydrogenase (LDH) and hypoalbuminemia and lower levels of
HDL-cholesterol were detected (all p < 0.05). Prematurity (p = 0.022) was associated with intensive
care unit admission. Patients were younger during the Omicron wave (p < 0.01); no variant was
associated with greater severity. In conclusion, pediatric patients with a history of prematurity or
with anemia, lymphopenia, elevated procalcitonin, elevated LDH levels, hypoalbuminemia and low
HDL-cholesterol levels may require admission and present more severe forms. Apart from age, no
notable differences between SARS-CoV-2 variant periods were found.

Keywords: SARS-CoV-2; COVID-19; pneumonia; pediatrics; risk factors

1. Introduction

During the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic,
the epidemiology and clinical presentation of COVID-19 in the pediatric population have
been largely studied. In general, the literature describes a lower incidence and transmission
of the disease in children, together with a lower severity of the clinical course [1-3].

Regarding the need for hospitalization in pediatric patients, many studies have fo-
cused on describing cases of severe disease in children who require admission to pediatric
intensive care units (PICUs), such as multisystem inflammatory syndrome in children
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(MIS-C) [4]. Given the low global impact of this infection in children and adolescents, there
are few studies evaluating the total hospitalization rate in this population, considering both
severe and mild cases [5,6].

In addition to MIS-C, other conditions have been described with respiratory involve-
ment in children, such as pneumonia, bronchitis or bronchiolitis [7]. In fact, among hos-
pitalized children with SARS-CoV-2 infection, the most frequent reported diagnosis has
been pneumonia [8,9]. However, the clinical characteristics of SARS-CoV-2 pneumonia in
pediatric patients are not well defined [10]. In this line, Jiménez-Garcia et al. reported that
of all the cases of children admitted with a diagnosis of pneumonia during the first wave of
the pandemic in Spain, only 20% were ultimately attributable to SARS-CoV-2 infection [11].

In this sense, it has been difficult to carry out comparative studies because, on the one
hand, the overall incidence of SARS-CoV-2 infection in children has been low, and on the
other hand, the incidence of community-acquired pneumonia in the pediatric population
has decreased drastically, especially at the beginning of the pandemic secondary to isolation
measures (lockdowns, use of face masks, social distancing) [12,13]. And finally, with the
start of systematic vaccination against SARS-CoV-2, a notable reduction in COVID-19 has
also been observed in terms of incidence, hospitalization rate and deaths [14]. The main
aim of this study was to describe the characteristics of pediatric patients admitted for
SARS-CoV-2 pneumonia, whose diagnostic criteria are not standardized, unlike in the adult
population, as well as to identify risk factors associated with greater severity. It must be
considered that viral pneumonia in children, especially those under 5 years of age, is a
common pathology that often leads to hospitalization. Specifically regarding SARS-CoV-2,
children under 5 years of age are not yet eligible to be vaccinated, and therefore are a
vulnerable population to SARS-CoV-2. Consequently, it is of interest to be able to provide
more information about this pathology in the pediatric population. Furthermore, being
able to identify risk factors associated with severity is important to detect early those
patients who may have an unfavorable evolution and, therefore, who may benefit from
early diagnosis and treatment.

Our secondary objective was to compare the characteristics of the cases according to
the predominant variant of SARS-CoV-2 in order to find differences between them.

2. Materials and Methods
2.1. Design, Subjects and Setting

This was a descriptive and retrospective pilot study. Patients aged 0-18 years admitted
to Sant Joan de Déu hospital with SARS-CoV-2 pneumonia between 1 March 2020 and
1 March 2022 were included. This is a university-based, pediatric tertiary care hospital
with 345 beds (28 PICU beds), and it is estimated to manage 30% of all annual pediatric
hospitalizations in Catalonia (Spain).

All included patients were required to have tested positive for SARS-CoV-2, either
by detection of SARS-CoV-2 RNA via real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) in nasopharyngeal swab/aspirate (NS/NPA) or saliva, or by detection
of SARS-CoV-2 antigen in a nasopharyngeal swab. Respiratory symptoms and radiological
pneumonia diagnosis, either by chest X-ray (CXR) or CT-scan, were also required. The
exclusion criteria were patients with symptoms or radiological pneumonia diagnosis but
isolation of another microorganism or patients with SARS-CoV-2 infection but without
associated pneumonia.

In our center, the hospitalization criteria for a patient with SARS-CoV-2 infection were
being less than 3 months old (according to their clinical situation), having hypoxemia
(SatO, < 92%), having moderate or severe respiratory distress or others (bad general
condition, lethargy, refusal to eat, apnea. . .). In addition to these criteria, admission was
assessed for patients with pneumonia with a viral appearance (bilateral consolidation,
lymphopenia. . .) and persistent fever and those patients with severe comorbidities and risk
of rapid deterioration.
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The criteria for admission to the PICU were severe respiratory distress despite op-
timizing treatment in the ward, SatO, < 92% with FiO, > 0.5, acute respiratory acidosis
(hypercapnia > 55 mmHg and/or pH < 7.3), septic appearance, signs of shock, altered level
of consciousness and/or suspicion of hypoventilation of central origin.

The first vaccination campaign against SARS-CoV-2 in Spain for the population be-
tween 16 and 29 years old began on 30 June 2021. The campaign for the population between
12 and 15 years old started on 4 August 2021, and the one for the population between 5 and
11 years old started on 15 December 2021 [15].

2.2. Variables

Epidemiological, clinical, diagnostic (laboratory and radiographic) and therapeutic
data from the electronic medical records were reviewed and incorporated into a database
located in a protected folder hosted on the hospital’s servers for subsequent descriptive
and comparative analysis. No personal or identifiable data were collected. For the analysis
of risk factors, the differences between patients who presented greater severity (PICU
admission, greater need for ventilation) and those with a better clinical evolution were
analyzed and compared.

RT-PCR of multiple respiratory viruses (apart from SARS-CoV-2) from nasopha-
ryngeal/tracheal aspirate (NPA/TA) or bronchoalveolar lavage (BAL) were conducted
for some selected patients in the ward and all those admitted to the PICU to elucidate
other etiologies.

Blood tests were performed on all patients at admission and repeated during hospital-
ization depending on their clinical evolution. Blood cultures were performed in cases of
fever, sepsis or worsening of the general condition.

CXR and CT-scans were interpreted by at least two authors to minimize selection bias.

Patients were classified in different periods according to the predominant SARS-
CoV-2 variant to analyze if there were differences between them. According to the
literature [16-18], the periods were defined as: Wuhan period (March 2020-February
2021), Alpha period (B.1.1.7; February 2021-June 2021), Delta period (B.1.617.1; June
2021-December 2021) and Omicron period (B.1.1.529; December 2021-March 2022).

The specific treatment of SARS-CoV-2 pneumonia followed the hospital guidelines
and protocols, which were in accordance with the literature. The use of corticosteroids
was analyzed separately when indicated as a specific COVID-19 treatment or indicated for
associated bronchospasm.

2.3. Statistical Analysis and Ethics

Categorical variables were expressed as total number and proportions, while continu-
ous variables were expressed as median and interquartile range (IQR). The comparison
of categorical variables was performed using the Chi-Square test and Fisher’s exact test;
continuous variables were compared using Student’s t-test and the ANOVA test. The
odds ratio, determined with Fisher’s exact test and a 2 x 2 table, was used to assess the
association between the risk factors and the severity. All tests were two-sided, and p-values
less than 0.05 were considered to indicate a statistically significant difference. Statistical
analyses and graphing were performed using SPSS®, version 25.0.

The study was carried out in accordance with the Helsinki declaration and approved
by the Ethical Assistant Committee of Sant Joan de Déu Foundation (code: PIC-90-22;
approval date: 12 September 2022). The study followed the requirements of Law 14/2007
of 3 July on Biomedical Research. Informed consent was obtained from all individual
participants included in the study or their parents/legal guardians (in the case of children
under 16 years old).
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3. Results
3.1. Epidemiological Data

Forty-four patients were admitted with a diagnosis of SARS-CoV-2 pneumonia; twenty-
six (59%) were male and the median age was 14 years old (IQR 9-16). Twenty-seven (61%)
patients were older than 12 years.

Regarding the distribution of patients in periods according to the predominant SARS-
CoV-2 variants, 14 (31.8%) patients were reported in the Wuhan period, 7 (15.9%) in the
Alpha period, 11 (25%) in the Delta period and 12 (27.3%) in the Omicron period.

Only two (4.5%) patients were completely vaccinated with two doses of SARS-CoV-2
vaccine at the time of admission.

Thirty-six (82%) patients had at least one comorbidity, and the most frequent were
overweight/obesity in thirteen (29.5%) patients and asthma/recurrent wheezing in thirteen
(29.5%), followed by other pulmonary and neurological disorders. All the comorbidities as
well as other epidemiological data of the patients are reported in Table 1.

Table 1. General description of the patients (n = 44).

Epidemiological Data
Gender (male) 26 (59%)
Age (years) 14 (9-16)

Distribution according to the predominant
SARS-CoV-2 variant:

Wuhan period 14 (31.8%)
Alpha period 7 (15.9%)
Delta period 11 (25%)
Omicron period 12 (27.3%)
Presence of at least one comorbidity 36 (82%)
Comorbidities:
Obesity /Overweight 13 (29.5%)
Recurrent wheezing/ Asthma 13 (29.5%)
Other pulmonary disease 10 (22.7%)
Other neurological disorder 9 (20.5%)
Prematurity < 34 GA 5 (11.4%)
Bronchopulmonary dysplasia 2 (4.5%)
Neuromuscular disorder 4 (9.1%)
Immunodeficiency 4 (9.1%)
Nephropathy 3 (6.8%)
Down syndrome 3 (6.8%)
Cerebral palsy 2 (4.5%)
Cardiopathy 2 (4.5%)
Diabetes mellitus 2 (4.5%)
Other metabolic disorder 2 (4.5%)
Sickle cell anemia 0 (0%)
Other diseases 18 (40.9%)
Hospital stay (days) 5(3-9)
Admission to the PICU 13 (30%)
PICU stay (days) 5(4-14)
Complications 7 (15.9%)
Outcome (death) 2 (4.5%)

The results are expressed as counts and percentages (in parenthesis) and as median and interquartile range (25-75)
accordingly. GA: gestational age; PICU: pediatric intensive care unit.

The median days from symptom onset to diagnosis of SARS-CoV-2 infection was 1 day
(IQR 04), and from symptom onset to SARS-CoV-2 pneumonia diagnosis and hospital
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Signs and symptoms

6(13.6%)
7 (15.9%)
8(18.2%)

10 (22.7%)

[T =
13 (29.5%)

19 (43.2%)

19 (43.2%)

admission it was 5.5 days (IQR 3-8). Nasopharyngeal RT-PCR was the most-used diagnostic
method in 30 (68%) patients, followed by nasopharyngeal antigen (32%).

Patients had a median hospital stay of 5 days (IQR 3-9). Thirteen (30%) patients were
admitted to the PICU, with a median stay at the PICU of 5 days (IQR 4-14) and a median
total hospital stay of 13 days (IQR 7-18).

Regarding complications, four (9.1%) patients had pleural effusion, two (4.5%) had a
ventilator-associated pneumonia (VAP) and one (2.3%) had pneumothorax.

No patient presented persistent symptoms or pulmonary sequelae.

Two patients died from COVID-related conditions; both had severe comorbidities.
The first patient was a 12-year-old boy with acute lymphocytic leukemia with recurrence
who had received allogeneic hematopoietic stem cell transplantation and chimeric antigen
receptor T-cell (CAR-T) with secondary complications such as graft-versus-host-disease
(GVHD). The second patient was an 8-year-old boy with a history of extreme prematurity,
severe neurodevelopmental disorder and recurrent pulmonary infections.

3.2. Clinical and Radiologic Data

All patients presented symptoms at admission. The most frequent ones were fever
(90.9%), cough (77.3%) and respiratory distress (75%). The median temperature at admis-
sion was 39 °C (IQR 38.5-39.5). All the signs and symptoms are described in Figure 1.

Radiographic patterns

= Fever

2(4.5%) 1(2.3%) N

' Respiratory distress
Rhinorrhea
= General malaise
6(13.6%)

ch = Bilateral consolidation
= Chest pain

= Diarrhea Lobar consolidation

= Headache Ground-glass opacities

34(77.3%)
= Nausea/Vomiting

= Odynophagia
= Myalgia

Interstitial opacities

17 (38.6%)

33(75%) Abdominal pain

= Anosmia / Ageusia

Figure 1. Clinical and radiologic data of the patients. The results are expressed as counts and
percentages (in parenthesis).

Thirty-seven (84%) patients were diagnosed with pneumonia, while seven (16%) had
bronchopneumonia.

All patients underwent a chest X-ray (CXR). The most common radiological patterns
were bilateral consolidation in 18 (40.9%) patients, followed by lobar consolidation in
17 (38.6%), ground-glass opacities alone in 6 (13.6%) and interstitial opacities in 3 (6.9%).
The radiological pattern of bilateral consolidation was more frequently observed in patients
older than 12 years of age, without statistically significant differences (14 vs. 4; p = 0.409).
The distribution of the radiological patterns is described in Figure 1.

A CT-scan was performed in four patients. In two cases, a CT-Angiography (CTA)
was performed to exclude pulmonary thromboembolism due to persistent hypoxemia. The
other two cases involved patients receiving immunosuppressive treatment, in whom a CT
was requested to evaluate the lung parenchyma in the context of COVID infection, as well
as to rule out complications such as a fungal superinfection. All scans showed areas of
increased density and ground glass opacities with an alveolar, bilateral and diffuse pattern,
predominantly in upper lobes, with no findings of thromboembolism in any case.

3.3. Laboratory Data

The results of the blood tests are shown in Table 2. In general, it stands out that the
majority of patients had lymphopenia, mild neutrophilia, as well as elevated C-reactive



Children 2023, 10, 1703 6 of 15

protein (CRP), ferritin, lactate dehydrogenase (LDH), fibrinogen and interleukin-6 (IL-6).
They also highlight an elevation of d-dimer and transaminases, as well as hypoalbuminemia
and low HDL cholesterol.
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Table 2. Laboratory results comparing severity (patients who required admission to the PICU and
those who did not).

Patients Admitted Patients Not Admitted

Parameter Reference Values  All Patients (n = 44) to the PICU (n = 13) to the PICU (n = 31) p-Value
Complete Blood count
Hemoglobin;
minimue (g/dL) 12-16 12.3 (10.8-14.4) 10.6 (9.3-12.6) 13 (11.6-14.7) 0.005
Platelets;
minimum 150-500 181 (140-226) 182 (169-238) 181 (133-225) 0.938
(x103/uL)
Leucocyte county 5000-12,000 8150 (5850-11,050) 9400 (7400-12,800) 7700 (5600-10,300) 0.320
maximum (/mm>~)
Lymphocyte count; 1400-3300 850 (600~1500) 500 (350-850) 1200 (700-1700) 0.002
minimum (/mm?)
Neutrophile count; 1500-5000 5750 (3250-7750) 7200 (5000-8500) 4800 (3100-7000) 0.269
maximum (/mm>~)
Coagulation
PT; minimum (%) 75-120 79 (72-92) 75 (71-89.5) 81 (72-93) 0.533
_ aPTT; 21-35 26.5 (24.4-29.5) 287 (23.5-31.3) 26.5 (24.8-28.9) 0.794
maximum (seconds)
INR; maximum 0.8-1.2 1.12 (1.04-1.20) 1.16 (1.04-1.24) 1.11 (1.04-1.17) 0.305
Fibrinogen;
maximum (g/L) 1.5-3.5 49 (4.5-6.4) 4.8 (4.2-6.6) 49 (4.6-6.4) 0.470
D-dimer; <05 0.9 (0.61-1.94) 1.27 (0.88-2.29) 0.69 (0.42-1.87) 0.613
maximum (mg/L)
Biochemistry
C-reactive protein; 0-15 39.5 (14.7-94) 63.2 (26-156) 35.5 (12-69) 0.216
maximum (mg/L)
Procalcitonin; <0.5 0.17 (0.06-0.58) 0.52 (0.19-1.5) 0.09 (0.06-0.34) 0.019
maximum (ng/mL)
[Ferritin; 10-120 350.2 (190.7-1246) 1150 (400-1800) 265 (185-685) 0.158
maximum (pg/L)
LDH;
maximen (1U/L) <500 837 (621-1093) 930 (800-1900) 790 (580-1050) 0.021
IL-6;
maximum (pg/mL) <5 32.1(8.5-91.9) 41.9 (26.7-101.9) 9.6 (5.8-129) 0414
_Troponin; <0.200 0.002 (0.001-0.007) 0.007 (0.004-0.02) 0.001 (0.0007-0.003) 0.075
maximum (ng/mL)
NT-ProBNP; <125 66 (17-163) 196 (93-3400) 19 (14-61) 0.197
maximum (ng/L)
Creatin kinase;
masimum (UL/L) 64-288 67 (43-144) 57 (28-213) 75 (45-134) 0.467
Sodium;
average (mmol/L) 135-145 139 (137-142) 141 (137-145) 139 (136-141) 0.137
Potassium,;
average (mmol/L) 3.9-5 41 (3.8-4.3) 3.9 (3.6-4.1) 41 (3.8-4.3) 0.193
fonic Calcium; 1.17-1.30 1.22 (1.15-1.26) 1.23 (1.14-1.28) 1.21 (1.16-1.24) 0.533
average (mmol/L)
Phosphate;
average (mg/dL) 3.5-5.7 3.75 (3.15-4.3) 3.75 (2.87-4.65) 3.8 (3.2-4.3) 0.954
Magnesium;
average (mg/dL) 1.8-2.3 2.1 (1.8-2.2) 2 (1.7-2.3) 2.1 (1.8-2.2) 0.406
Creatinine;
maximum (mg/dL) <0.90 0.59 (0.47-0.72) 0.58 (0.46-0.81) 0.59 (0.46-0.72) 0.153
AST; maximum 2-38 48 (30-93) 54 (33-123) 46 (30-63) 0.800

(IU/L)
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Table 2. Cont.

Patients Admitted Patients Not Admitted

Parameter Reference Values  All Patients (n = 44) to the PICU (n = 13) to the PICU (n = 31) p-Value
ALT; maximum 2-31 39 (22-105) 59 (22-106) 36 (21-116) 0511
(Iu/L)
Total Bilirubin;
maximum (mg/dL) 0.2-1 0.35 (0.3-0.57) 0.5 (0.3-0.85) 0.35 (0.27-0.52) 0.234
Conjugated
Bilirubin, maximum <0.2 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.2 (0.1-0.25) 0.329
(mg/dL)
Albumin;
minimum (mg/dL) 37-54 33 (28-37) 29 (28-32) 37 (35-38) 0.008
Triglycerides;
average (mg/dL) 38-161 125 (73-286) 205 (75-327) 105 (57-170) 0.159
Total cholesterol;
average (mg/dL) 95-201 129 (89-157) 129 (94-161) 121 (85-160) 0.888
HDL cholesterol;
average (mg/dL) >40 26 (21-32) 23 (17-26) 30 (24-38) 0.017
LDL cholesterol;
average (mg/dL) <147 85 (62-97) 87 (62-101) 81 (50-97) 0.922
VLDL cholesterol;
average (mg/dL) 0-24 22 (14-41) 28 (15-54) 18 (12-28) 0.359

The results are expressed as median and interquartile range (25-75). PICU: pediatric intensive care unit,
CRP: C-reactive protein, PCT: procalcitonin, LDH: lactate dehydrogenase, IL-6: interleukin-6, PT: prothrombin
time, aPTT: activated partial thromboplastin time, INR: international normalized ratio, NT-ProBNP: N-terminal
pro brain natriuretic peptide, CK: creatin kinase, AST: aspartate aminotransferase, ALT: alanine aminotransferase,
HDL cholesterol: high-density lipoprotein cholesterol, LDL cholesterol: low-density lipoprotein cholesterol, VLDL
cholesterol: very low-density lipoprotein cholesterol.

In critically ill patients (those admitted to the PICU), higher procalcitonin (PCT)
(p = 0.019) and LDH levels (p = 0.021) were detected, as well as higher anemia (p = 0.005),
lymphopenia (p = 0.002), hypoalbuminemia (p = 0.008) and lower HDL cholesterol levels
(p =0.017). All the results comparing severity (patients who required admission to the
PICU and those who did not) are shown in Table 2.

In patients who required any type of respiratory support (all those who required oxy-
gen), higher lymphopenia (p = 0.037) and neutrophilia (p = 0.003) were detected, as well as
higher C-reactive protein (p = 0.046) and aspartate aminotransferase (AST) levels (p = 0.009).
Patients who required non-invasive ventilation (NIV) had greater anemia (p = 0.003) and
lymphopenia (p = 0.005), higher values of PCT (p = 0.008) and LDH (p = 0.006) and lower
levels of albumin (p = 0.008) and HDL cholesterol (p = 0.012). Finally, patients who required
conventional mechanical ventilation (CMV) had greater anemia (p = 0.001) and higher
values of ferritin (p = 0.002) and triglycerides (p = 0.001). All the results comparing the need
for respiratory support are shown in the Supplementary Material.

3.4. Microbiological Data

Viral coinfections were tested in 20 (45%) patients: RSV was found in three (15%) cases,
rhino/enterovirus, influenza B and parainfluenza 3 in one (5%) case and adenovirus in one
(5%) case.

Bacterial coinfection was observed in four (9%) patients: one (25%) patient with
a history of bronchiectasis had a positive sputum culture for S. pneumoniae; one (25%)
patient who required NIV had a positive S. aureus PCR in the NPA; and two (50%) patients
developed VAP due to S. maltophilia and S. marcescens superinfection, both of which were
isolated in a BAL culture.

Lastly, one patient with a single kidney and a history of recurrent urinary tract
infections had a positive urine culture for extended-spectrum beta-lactamase (ESBL)
K. pneumoniae during admission.
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Blood cultures were performed in 41 patients, and all of them were negative; PCR for
S. pneumoniae in blood was performed in 8 patients, and all of them were also negative.

3.5. Therapeutical Data
All treatment data are described in Table 3.

Table 3. Treatment of the patients.

Treatment Patients; n (%)  Duration; Days (IQR)
Respiratory support
Low-flow oxygen (LFO) 34 (77.3%) 3 (2-5)
High-flow oxygen (HFO) 7 (15.9%) 2 (1-4)
Non-invasive ventilation (NIV) 11 (25%) 4 (3-5)
Conventional mechanical ventilation (CMV) 4(9.1%) 8.5 (7-12)
Corticosteroids (used as COVID-19 treatment)
Methylprednisolone 14 (48.3%)
Dexamethasone 13 (44.8%)
Hydrocortisone 1 (3.4%)
Prednisone 1 (3.4%)
Total ! 29 /44 (65.9%) 5 (3-10)
Antibiotics

Respiratory superinfection suspicion 34 (77.3%) 7 (3-10)

Other superinfection suspicion (e.g., UTI) 1(2.3%) 10

Azithromycin (COVID targeted treatment) 6 (13.6%) 5

Antivirals
Remdesivir 7 (15.9%) 5(5-7)
Immunomodulators
Tocilizumab 4(9.1%) 1
Other monoclonal antibodies (Siltuximab, Anakinra) 1(2.3%) 1

Other treatments

Heparin (prophylaxis) 33 (75%)
Hydroxychloroquine 3 6 (13.6%)

I Intravenous: 28 (96.6%), oral: 1 (3.4%). 2° It was only used in the Wuhan period. IQR: interquartile range;
UTTL: urinary tract infection.

Thirty-seven (84.1%) patients required respiratory support. Of the four patients
who required CMYV, all of them had previously received NIV. The seven patients who
did not require respiratory support were high-risk patients with underlying conditions
(immunodeficiency, neuromuscular disease. ..) admitted to the hospital for monitoring and
observation or intravenous antibiotic therapy. Two patients required inotropic support for
1-2 days, with a mean Vasoactive Inotropic Score (VIS) of 20 points. No patients required
ExtraCorporeal Membrane Oxygenation (ECMO).

3.6. Risks Factors Associated with Severity

Among the comorbidities, prematurity was significantly associated with a higher
risk of admission to the PICU (OR 13.3; 95%CI 1.3-134.9; p = 0.022) and a higher need for
advanced respiratory support: NIV (OR 18.2; 95%CI 1.7-189.6; p = 0.010) and CMV (OR
57; 95%CI 3.9-825; p = 0.003). Neither gender nor any of the age groups were significantly
associated with greater severity (need for PICU admission or need for advanced respiratory
support). Nor was an association found between viral coinfection, bacterial coinfection,
longer time until diagnosis, longer time until admission and greater severity. All these
comparisons are described in the Supplementary Material.
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3.7. Differences Regarding SARS-CoV-2 Variant Periods

Differences between patients according to the periods of the predominant SARS-CoV-
2 variants are shown in the Supplementary Material. In the cases reported during the
Wuhan, Alpha and Delta periods, the majority of patients were older than 12 years (median
age in years: 14.8, 12.7 and 14.4, respectively), while in the Omicron period the majority
were younger (median age 6.1 years) (p = 0.001). Regarding gender and comorbidities, no
statistically significant differences between periods were found.

Regarding symptoms, rhinorrhea was more frequently observed in the Omicron
period (p = 0.010), diarrhea was more frequently observed in the Wuhan and Alpha periods
(p = 0.037) and odynophagia was more frequent in the Delta period (p = 0.020).

The most frequent radiological patterns according to periods were lobar consolidation
and bilateral consolidation in the Wuhan period, interstitial opacities in the Alpha period,
bilateral consolidation in the Delta period and lobar consolidation in the Omicron period.
These differences were statistically significant (p = 0.005).

There were no significant differences in terms of severity factors (greater stay, compli-
cations, need for admission to the PICU, respiratory support of any type or treatment with
steroids, remdesivir or monoclonal antibodies) among periods.

4. Discussion

This article describes the clinical characteristics and risk factors associated with SARS-
CoV-2 pneumonia in hospitalized pediatric patients. Several studies have previously
reviewed the characteristics of SARS-CoV-2 pneumonia in adults [10], but scarce data are
available for the pediatric population. However, pneumonia is one of the main causes of
admission in children and adolescents with SARS-CoV-2 infection and is associated with
high morbidity [7,9]. This study provides more information about this pathology in the
pediatric population, helping to identify patients earlier, especially those who are at greater
risk of presenting a torpid evolution, and therefore offering them optimal management,
thus improving their prognosis.

SARS-CoV-2 pneumonia in the pediatric population has been more frequently de-
scribed in adolescents and patients with comorbidities [19,20]. In our study, most patients
were older than 12 years and 82% had one or more comorbidities. Our hospital is a tertiary
referral center for rare and complex diseases, although it is also a community hospital in
the referral area. This may partly explain the high percentage of patients with comorbidity,
or it may also indicate that these patients tend to develop more severe pneumonia than
the general population. The most frequently observed comorbidities in our study were
overweight/obesity and asthma/recurrent wheezing. Obesity has been shown to be a
clear risk factor for severe SARS-CoV-2 infection [19,21]. Regarding asthma, it has been
associated with a higher rate of hospitalization in children with SARS-CoV-2 infection, but
it does not worsen the prognosis of the infection. SARS-CoV-2 also has not been described
as a trigger for asthmatic exacerbations [9,22].

Severe COVID-19 is rare in children: PICU admission rates are described around
15% [5,6,9]. In our cohort, the need for PICU admission was double, perhaps overestimated
due to the limited sample size and also due to the selection of the sample including only
patients with pneumonia (in other series published in our center, the actual PICU admission
rate relative to all admitted COVID patients was lower [23-26]). Fortunately, in the current
study the prognosis was found to be favorable, with a low rate of complications and mor-
tality (<5% reported in previous articles; 4.5% in our study); the latter is directly associated
with the presence of underlying conditions and not with SARS-CoV-2 as such [27,28].

As in other previously published studies, the most frequent symptoms in our patients
were fever, cough and respiratory distress [20,29]. Regarding the radiological characteristics,
most of the reviews agree that the findings found in children differ from those found in
adults and that it is not necessary to routinely perform a lung CT-scan in addition to a CXR
in the pediatric population [30-32]. Some authors even propose the extension of the use of
lung ultrasound given its great utility without providing radiation [25,33]. In our study, as
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reported previously [31,32], the most frequent radiological patterns were the presence of
consolidation (especially bilateral) and ground glass opacities.

The role of certain biomarkers in the definition of severe COVID-19 has been inves-
tigated, highlighting lymphopenia, acute phase reactants and some cytokines [34-36]. In
the specific case of COVID-19 pneumonia, even though in the pediatric population the
inflammatory response is much lower than in adults [37], the remarkable elevation of
cytokines such as IL-6 has been described [38,39]. In our cohort, most patients presented
elevated IL-6 values, with a median of 32.1 pg/mL. In relation to this, Shafiek et al. defined
the IL-6 cut-off value as a predictor of severe pneumonia in children at 31.7 pg/mL [38]. In
fact, in our cohort it was observed that the patients who required admission to the PICU
had higher values of IL-6 compared to the rest, although the difference was not statistically
significant. On the other hand, in our study patients with severe pneumonia requiring
PICU admission had greater anemia and lymphopenia, higher PCT and LDH values, as
well as lower levels of albumin and HDL cholesterol. Regarding HDL cholesterol, reviews
have recently been published on the role of lipids in SARS-CoV-2 infection in adults, finding
that lower levels of total cholesterol, LDL and HDL are associated with greater severity and
mortality [40].

As other authors have suggested, ruling out the presence of coinfections with other
respiratory viruses should be considered in any child presenting with severe SARS-CoV-2
pneumonia, as it may be useful in its management [41]. In addition, it is considered a
challenge to differentiate the signs and symptoms of SARS-CoV-2 pneumonia compared to
other viral pneumonias in children, as several researchers have demonstrated [11,28,41]. In
our study, even though not all patients were tested, the viral coinfection rate was 11.3%,
similar to that reported in the literature. Although probably due to the small sample, no
association was found between viral coinfection and greater severity of the patients.

Regarding treatment, like other viral pneumonias, most of the patients in our cohort re-
quired respiratory support with low-flow oxygen therapy. Characteristically, 25% required
non-invasive ventilation and 9.1% required mechanical ventilation, higher percentages
compared to other cases of viral pneumonia, which is why some authors have suggested
that the lung damage associated with SARS-CoV-2 is different from that caused by other
viruses [28]. On the other hand, 77.3% of the patients required antibiotic treatment for
suspected respiratory superinfection. These data may be overestimated, given that all the
patients in our sample required hospitalization and therefore were considered more severe
than any patient with pneumonia managed in an outpatient setting.

Several risk factors associated with the development of severe disease in pediatric
patients with COVID-19 have been described, including age (under 5 years and adoles-
cents); previous comorbidities; symptoms of cough, dyspnea and fever on admission; and
lymphopenia, elevated CRP and LDH [34,35,42,43]. Considering some of these variables,
Satdhabudha et al. developed a predictive risk score for the development of COVID-19
pneumonia in children. In addition, since this score includes only demographic and clin-
ical variables, the authors suggest that it could reduce the risk of unnecessary radiation
exposure in these patients [44]. In our study, the only risk factor associated with greater
severity was a history of prematurity, as previously described in the literature [42].

Finally, although it was initially thought that the transmission and impact of SARS-
CoV-2 would be lower in the summer season, it was found that the spread of SARS-CoV-2
was independent of the time of year. In our study, the number of patients affected by pneu-
monia was similar during the four studied periods. Regarding the comparison between
periods, we found that the age of the patients in the Omicron period was significantly lower
compared to the other periods. These data coincide with other previously published data
that showed an increase of up to five times during the Omicron period in the hospitalization
rate of children aged 0—4 years old, a population that is not yet eligible for vaccination at
this time [45].

Our study has some limitations. In the first place, there are those inherent to a single-
center and retrospective study (that limits the ability to establish causality), in addition to
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the small size of the sample. Similarly, only hospitalized patients were included, so the
total incidence of pneumonia due to SARS-CoV-2 may be underestimated, since outpatient
pneumonias were not included. In addition, some cases had incomplete data in their
medical records, and not all patients underwent a complete blood test or microbiological
study. As well, linking a patient to a variant only for the predominant period of the variant,
without knowing the true sequence of the virus causing the infection, may be a bias. Finally,
the radiographic patterns could have been described differently depending on the observer,
raising the possibility of biases.

5. Conclusions

In conclusion, pediatric patients with SARS-CoV-2 pneumonia who require admission
are usually older than 12 years and have some associated comorbidity. Although most
patients require some type of respiratory support, it is generally low-flow oxygen, and
the general prognosis is favorable. A history of severe prematurity, anemia, lymphopenia,
elevated PCT and LDH and low levels of albumin and HDL cholesterol are associated
with an increased risk of severe pneumonia; therefore, the presence of these data should
put us on alert in the care of these patients. Regarding the comparison between periods
with different predominant SARS-CoV-2 variants, the patients in the Omicron period were
younger compared to the other periods. Future studies with a larger number of patients
are necessary to validate the results found, in addition to continuing to study the evolution
of this disease with future variants of SARS-CoV-2.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/children10101703/s1, Table S1: Laboratory results comparing
patients who required any type of respiratory support with those who did not and patients who re-
quired NIV and CMV with those who did not; Table S2: Evaluation of potential risk factors associated
with greater severity: admission to the PICU, need for NIV and need for CMV; Table S3: Differences
of the patients regarding SARS-CoV-2 variant periods.
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