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factors associated with severe
COVID-19 among hospitalized
pediatric patients: a retrospective
cohort study in the Chaoshan
region of China
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Background: Since 2019, COVID-19 has substantially impacted global public
health. Although pediatric cases generally manifest with mild symptoms,
severe and even fatal outcomes have occurred. Despite the decreased viral
transmissibility and pathogenicity observed in the post-pandemic era,
identifying early clinical indicators for severe pediatric COVID-19 remains crucial.
Method: A retrospective cohort study analyzed 287 hospitalized pediatric
COVID-19 patients admitted from December 2022 to August 2023. Clinical
and laboratory data were compared between severe/critical and mild/
moderate groups using univariable and multivariable analyses.

Results: Among hospitalized patients, 82.2% were under 3 years, and severe or
critical illness occurred in 32.8%. Fatigue (OR =2.505, 95% Cl: 1.359-4.615,
P =0.003) and hoarseness (OR =2.781, 95% CI: 1.188-6.510, P =0.018) were
independent predictors of severity in multivariable analysis. In univariable
analysis, elevated white blood cell counts, neutrophil percentage,
procalcitonin (PCT), and reduced bicarbonate (CO,) levels were also
significantly associated with severe disease. All deaths (n = 3) involved children
aged 1-1.5 years with acute necrotizing encephalopathy (ANE), two of whom
also met diagnostic criteria for multisystem inflammatory syndrome in children
(MIS-C).

Conclusion: Pediatric COVID-19 hospitalizations predominantly involved
children under 3 years of age. Fatigue was independently associated with
severe or critical illness, potentially indicating early neurological involvement.
Hoarseness was frequently observed in severe cases. Based on our cohort,
particular attention may be warranted for children aged 1-1.5 years presenting
with neurological symptoms, as all fatal cases (n =3) in this age group were
associated with acute necrotizing encephalopathy (ANE), and two were
additionally complicated by multisystem inflammatory syndrome in children
(MIS-C).

KEYWORDS

SARS-CoV-2, COVID-19, hospitalized children, severe disease, neurological
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1 Introduction

Since December 2019, coronavirus disease 2019 (COVID-19)
has emerged as a major global health threat (1, 2). While the
pandemic has largely subsided, its residual impact persists.
Fluctuating case numbers across regions underscore the
ongoing threat posed by coronaviruses as potential drivers of
future public health challenges (3, 4). Current evidence
suggests that children are generally less susceptible to severe
SARS-CoV-2 infection compared to adults (5-8); however,
serious  complications  such as  acute
(ANE)

syndrome in children (MIS-C), and even fatal cases, were not

necrotizing
encephalopathy and multisystem  inflammatory
uncommon during the early stage of the pandemic (9-13).
Although numerous studies have described the presenting
symptoms in pediatric cases and compared clinical features
across severity levels (12, 14-20), the association between
specific symptoms and disease severity remains inadequately
defined. This study aimed to further characterize the clinical
spectrum of pediatric COVID-19 and to identify risk factors
associated with severe or critical illness, with the goal of
providing early warning indicators to assist frontline clinicians
in recognizing high-risk patients.

2 Materials and methods
2.1 Study population

This retrospective, single-center study included data from 287
pediatric patients (191 boys and 96 girls), aged 2 months to 14
years (median: 11 months), with laboratory-confirmed SARS-
CoV-2 infection. All patients were admitted to the Department
of Pediatrics at Shantou Central Hospital, Shantou, China,
between December 1, 2022, and August 31, 2023. Patients were
identified through hospital records. Inclusion criteria were: (1)
age between 29 days and 14 years, and (2) hospitalization
primarily due to COVID-19. Patients were excluded if clinical
data were incomplete or if COVID-19 was not the primary
reason for admission. A total of 287 patients met the criteria and
were included in the final analysis (Figure 1). The study was
conducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of Shantou Central
Hospital [Ethics approval number: Scientific Research (2023) No.
070]. The requirement for informed consent was waived due to
the retrospective nature of the study and the use of anonymized
clinical data.

2.2 Laboratory methods
Respiratory specimens for SARS-CoV-2 RT-PCR testing were
collected via nasopharyngeal swabs, and when available, tracheal

or bronchial aspirates. Serum samples for serological testing were
analyzed in the hospital’s clinical microbiology laboratory using
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commercially available diagnostic kits. Additional hematological,
biochemical, and microbiological tests were all performed within
the hospital’s certified laboratories using standardized and
validated protocols.

2.3 Clinical classification of COVID-19

The classification of disease severity in this study was
primarily based on the Diagnosis and Treatment Protocol for
Novel Coronavirus Infection (Trial Version 10) issued by
the National Health Commission (NHC) of the People’s
Republic of China (http://www.nhc.gov.cn/xcs/zhengcw;j/202301/
32de5b2ff9bf4eaa88e75bdf7223a65a.shtml) and the WHO 2023
(Clinical Management of COVID-19: Living
Guideline,  https://www.who.int/publications/i/item/WHO-2019-
nCoV-clinical-2023.2) (21, 22). According to these guidelines,
pediatric COVID-19 cases are categorized as mild, moderate,

guidelines

severe, or critical based on clinical symptoms, respiratory
parameters, oxygen saturation, and the presence of organ
dysfunction. Notably, seizures are explicitly listed as one of the
clinical manifestations used to define severe disease in children.
However, clinical observations in our cohort revealed that a subset
of pediatric patients who experienced seizures had only simple
febrile convulsions, without subsequent neurological involvement
or abnormalities, and showed favorable outcomes. Based on this,
and to assess the predictive value of seizures in the stratification of
disease severity, we did not consider seizure occurrence alone as a
direct criterion for classifying patients into the severe group.
Instead, seizures were treated as an independent clinical variable in
the analysis. Only patients who seizures in
with

encephalopathy or encephalitis

experienced

combination clinical or radiological evidence of

(e.g. status,
persistent neurological deficits, cerebrospinal fluid abnormalities,

altered mental

or abnormal neuroimaging findings) were classified into the
severe/critical group. Patients with isolated seizures and good
clinical recovery were assigned to the mild or moderate group. All
other classification criteria remained consistent with the
referenced guidelines.

The specific definitions used for severity grouping in this study
were as follows:

Asymptomatic infection: No clinical symptoms or signs; chest
imaging is normal; SARS-CoV-2 nucleic acid is detected from
respiratory or other specimens.

Mild type:

infection (e.g., fever, fatigue, cough, sore throat, runny nose,

Symptoms of upper respiratory tract
sneezing) without abnormal lung findings. Some cases may
present only with gastrointestinal symptoms. There are no
signs of lower respiratory tract involvement on
physical examination.

Moderate type: Evidence of pneumonia with frequent fever and
cough. Some patients may have wheezing but no signs of
significant hypoxemia (SpO,>93%) or shortness of breath
(RR < 30/min). In some cases, clinical signs may be absent, but
imaging reveals subclinical pulmonary lesions.

Severe type: Meets any of the following criteria:
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Hospitalization at the Department of
Pediatrics, Shantou Central Hospital
December 1, 2022 — August 31, 2023

:

swabs, and when available, tracheal or bronchial aspirates

Confirmed SARS-CoV-2 infection Diagnosed via respiratory
pathogen testing (real-time RT-PCR) using nasopharyngeal

!

Age between 29 days and 14 years

Exclusion criteria:

v

Final sample of hospitalized pediatric patients
included in the analysis (n = 287)

FIGURE 1

Patient selection flowchart for analysis of pediatric COVID-19 hospitalizations. This chart outlines the inclusion and exclusion process for hospitalized
children with confirmed SARS-CoV-2 infection at Shantou Central Hospital between December 1, 2022 and August 31, 2023.

* Incomplete clinical data
* Hospitalization not primarily due to COVID-19

1. Hyperpyrexia or persistent high-grade fever lasting more than
3 days;

2. Shortness of breath — RR > 60/min (<2 months), >50/min (2-
12 months), >40/min (1-5 years), >30/min (>5 years),
excluding fever and crying.

3. SpO, <93% at rest.

4. Signs of respiratory distress (e.g., moaning, nasal flaring, chest
retractions, cyanosis, intermittent respiratory pauses).

5. Impaired consciousness or seizures with encephalopathy
or encephalitis.

6. Feeding difficulties or refusal to eat accompanied by signs
of dehydration.

7. Imaging showing bilateral or multi-lobar infiltrates, rapid lesion
progression >50% in a short period, or pleural effusion.

Critical type: Meets any of the following criteria:

. Respiratory failure requiring mechanical ventilation.
2. Shock.
3. Acute encephalopathy, acute necrotizing encephalopathy

(ANE) or severe organ dysfunction requiring intensive care.

2.4 Statistical analyses

Statistical analyses were performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables following
a normal or approximately normal distribution were expressed
mean * standard  deviation (SD) and

as compared using
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t-tests. For
variables, data were presented as median and interquartile range
(IQR), and the Mann-Whitney U test was used for between-

group comparisons. Categorical variables were described as

independent sample non-normally  distributed

frequencies (percentages) and analyzed using chi-square tests,
with continuity correction or Fisher’s exact test applied when
appropriate. A multivariate binary logistic regression model was
constructed to identify independent predictors of severe or
critical disease. All candidate variables were simultaneously
entered into the model using forced-entry (Enter) method.
Adjusted odds ratios (aORs) and 95% confidence intervals (CIs)
were calculated to evaluate the strength of associations. A two-
tailed p-value<0.05 was considered statistically significant.
Seizure was analyzed as an independent clinical variable and was
not used to define disease severity unless accompanied by clinical
or radiological evidence of encephalopathy or encephalitis, as
specified in the severity grouping criteria.

3 Results

3.1 Study population and baseline
characteristics

A total of 287 pediatric patients with COVID-19 were enrolled
in this study, including 191 males (66.6%) and 96 females (33.4%),
yielding a male-to-female ratio of approximately 2:1 (P <0.001,
chi-square test against a 1:1 ratio). The median age was 11.2
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TABLE 1 Comparison of demographic, clinical, and laboratory characteristics between pediatric patients with mild/moderate and severe/critical disease.

Category Parameter Overall (N =287) Classification x°or Z/t P-value
Mild/Moderate Severe/Critical
(n=193) (n=94)
(67.2%)* (32.8%)*
Demographics Age 11.2 [3.23, 26] 9.43 [2.40, 25.00] 13.00 [6.47, 28.00] —2.304 (2) 0.021
Gender Male 191 (66.6%) 129 (66.8%) 62 (66.0%) 0.022 (3% 0.882
Female 96 (33.4%) 64 (33.2%) 32 (34.0%)
Clinical Signs Seizures No 200 (69.7%) 139 (72.0%) 61 (64.9%) 1.520 (%) 0.218
Yes 87 (30.3%) 54 (28.0%) 33 (35.1%)
Fatigue/Weakness No 204 (71.1%) 150 (77.7%) 54 (57.4%) 12.639 (%) 0.001
Yes 83 (28.9%) 43 (22.3%) 40 (42.6%)
Hoarseness/Voice Changes No 254 (88.5%) 178 (92.2%) 76 (80.9%) 8.040 (¢ 0.005
Yes 33 (11.5%) 15 (7.8%) 18 (19.1%)
Diarrhea No 273 (95.1%) 185 (95.9%) 88 (93.6%) 0.285 (2 0.593
Yes 14 (4.9%) 8 (4.1%) 6 (6.4%)
Vomiting No 230 (80.1%) 160 (82.9%) 70 (74.5%) 2.825 (3% 0.093
Yes 57 (19.9%) 33 (17.1%) 24 (25.5%)
Conjunctivitis No 282 (98.3%) 191 (99%) 91 (96.8%) 0.687 (12 0.407
Yes 14 (4.9%) 2 (1%) 3 (3.2%)
Rash No 273 (95.1%) 189 (97.9%) 88 (93.6%) 2.328 (7 0.127
Yes 5 (1.7%) 4 (2.1%) 6 (6.4%)
Underlying Diseases No 247 (86.1%) 169 (87.6%) 78 (83%) 1.108 (1% 0.292
Yes 40 (13.9%) 24 (12.4%) 16 (17%)
Laboratory WBC (x10°/L) 7.8 (5.68, 10.76) 7.60 (5.83,10.05) 9.12 (5.92,12.07) —2237(2) 0.025
Neutrophils (x10°/L) 3.6 (2.1, 5.5) 3.60 (2.10,4.90) 4.40 (2.60,7.30) —3.091(2) 0.002
Lymphocytes (x10°/L) 2.65 (14, 4.5) 2.80 (1.40,4.90) 220 (1.30,3.80) —1.003(2) 0.316
Platelets (x10°/L) 268 (213.75, 349) 273.00 (213.00,350.00) 261.00 (208.00,340.00) —0.405(2) 0.686
CRP (mg/L) 1.78 (0.04, 12.7) 1.24 (0.04,12.10) 6.08 (0.04,16.37) ~1.238(2) 0.216
PCT (ng/ml) 0.2 (0.13, 0.48) 0.18 (0.12,0.35) 0.30 (0.17,0.88) —-3912(2) 0.001
ALT (U/L) 23 (17, 32) 23.00 (17.00,31.00) 23.00 (17.00,33.00) —0.383(2) 0.701
AST (U/L) 485 (39, 61.25) 48.00 (39.00,61.00) 50.00 (37.00,62.00) —0.157(2) 0.876
CKMB (U/L) 28 (21, 37.5) 28.00 (22.00,36.00) 27.00 (20.00,41.00) —0.082(2) 0.935
LDH (U/L) 322 (285, 379) 324.00 (291.00,378.00) 310.00 (278.00,390.00) —0.941(2) 0.347
CO2 (mmol/L) 20.4 (18.4, 22.03) 20.50 (18.70,22.40) 20.10 (18.10,21.50) ~1.976(2) 0.048
Hb (g/L) 116.65 + 12.96 116.47 +13.05 117.02 + 12.83 —0.335 (1) 0.738

Data are presented as number (%), median (IQR), or mean + standard deviation. Percentages marked with an asterisk (*) indicate proportions calculated based on the total study population
(N'=287); all other percentages are based on the number of patients within each severity group (mild/moderate, 1 = 193; Statistical comparisons were performed using Chi-square test (1) for
categorical variables, Mann-Whitney U test (Z) for continuous variables with non-parametric distribution [median (IQR)], and Student’s t-test () for continuous variables with parametric

distribution (mean + SD). Seizure was analyzed as an independent variable and was not used to define disease severity unless accompanied by encephalopathy or encephalitis.

months [interquartile range (IQR): 3.23-26 months] (Table 1). The
monthly distribution of hospitalized pediatric cases is shown in
Figure 2. A peak in hospital admissions occurred in December
2022, with 128 cases reported: 82 classified as mild/moderate and
46 as severe/critical. This was followed by a gradual decline in
January 2023 (n=65), and a sharp drop in February (n=5) and
March (n=1). A secondary rise in cases was observed in May
(n=28), June (n=33), and July (n=14), with both mild and
severe cases represented (Figure 2). Hospitalized pediatric
patients were predominantly under 3 years of age (82.2%),
particularly those younger than 1 year, accounting for 52.6%
(151/287) of total admissions; patients younger than 3 years
accounted for 82.2% (236/287) of all admissions (Figure 3). The
overall median length of hospital stay was 5 days (IQR: 3-6
days), with a mean duration of 5.2 days. A total of 35 children
(12.2%) required admission to the pediatric intensive care unit
(PICU). Among these PICU patients, the median hospital stay
was longer, at 7 days (IQR: 4.5-9.5 days), with a mean of 7.6 days.
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3.2 Clinical presentations and laboratory

findings

Among the 287 patients, seizures occurred in 87 (30.3%),

fatigue or weakness in 83 (28.9%), and hoarseness or voice

changes in 33 (11.5%). Other reported symptoms included

vomiting in 57 (19.9%), underlying chronic diseases in 40

(13.9%),

diarrhea in 14 (4.9%),

rash

in 10 (3.5%), and

conjunctivitis in 5 (1.7%). Laboratory findings are summarized in

Table 1, with complete data presented therein.

3.3 Clinical and laboratory characteristics
stratified by disease severity

Among the 287 hospitalized pediatric patients, 25% (n=72)
were classified as mild, 42% (n=121) as moderate, 31% (n=89)

04
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FIGURE 2

Monthly distribution of hospitalized pediatric COVID-19 cases by disease severity. The bar chart illustrates the number of pediatric patients hospitalized
with COVID-19 from December 2022 to August 2023, stratified by disease severity. Orange bars represent children classified as severe/critical, while
blue bars represent those with mild/moderate disease. Each bar is labeled with the total number of hospitalized children (n), and the breakdown of
mild/moderate (m) and severe/critical (m) cases.
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FIGURE 3

Distribution of disease severity among hospitalized pediatric patients stratified by age group (N = 287). Left: The stacked bar chart displays the number
of hospitalized children categorized by disease severity (Mild, Moderate, Severe, and Critical) across four age groups: <1 year (n = 151), 1 to <3 years
(n =85), 3to <7 years (n = 24), and 7 to <14 years (n = 27). The severity levels are represented by different colors: Mild (green, n = 72), Moderate (blue,
n =121), Severe (yellow, n = 89), and Critical (red, n = 5). Right: box plot representing the distribution of age (in months) within each age group. The
median and interquartile range are displayed.
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FIGURE 4
Distribution of clinical symptoms stratified by age and disease severity in pediatric patients (N = 287). Symptoms include hoarseness (red), mental
fatigue (orange), seizure (yellow), diarrhea (light green), vomiting (green), conjunctivitis (light blue), rash (blue), and underlying diseases (gray).
Patients were categorized into four age groups (<1 year, 1 to <3 years, 3 to <7 years, and 7 to <14 years) and further stratified by disease severity
(mild, moderate, severe, and critical).

as severe, and 2% (n=5) as critical. The age distribution across
different severity groups is further illustrated in Figure 3.
Figure 3A (left) demonstrates that among infants, moderate cases
were the most frequent, while the 1-<3-year age group had the
highest number of critical cases (n=3). Figure 3B (right)
presents box plots of age (in months) stratified by severity group,
showing that age distributions were generally symmetrical within
each group and that no significant outliers were observed.
these
concentration of pediatric COVID-19 hospitalizations in early

Together, visualizations support the demographic
childhood. The median age of patients in the mild/moderate
group was significantly lower [9.43 months (IQR: 2.40-25.00)]
compared to the severe/critical group [13.00 months (IQR: 6.47-
28.00), Z=-2.304, P=0.021]. Gender distribution showed no
statistically significant difference between the groups (y°=0.022,
P =0.882). Regarding clinical manifestations, fatigue or weakness
was significantly more common in the severe/critical group
(42.6%) group (22.3%)

(;(2= 12.639, P=0.001). Similarly, hoarseness or voice changes

compared to the mild/moderate
were significantly more prevalent in the severe/critical group
(19.1%) than in the mild/moderate group (7.8%) (r”= 8.040,
P=0.005). No significant differences were found between the
groups for seizures, diarrhea, vomiting, conjunctivitis, rash, or
underlying diseases (all P>0.05) (Table 1). Among different age
groups (<1 year, 1 to <3 years, 3 to <7 years, and 7 to <14
years), symptoms such as hoarseness, fatigue, and seizures were
more prominent in younger children (<1 year), particularly in
severe and critical cases. In contrast, diarrhea, vomiting, and rash

Frontiers in Pediatrics

were more prevalent in older children (>3 years). Underlying
chronic diseases (N =40) were observed across all age groups,
with a higher proportion noted among older children (Figure 4).
Laboratory results indicated significantly higher white blood cell
counts [9.12 (IQR: 5.92-12.07) x 10°/L vs. 7.60 (IQR: 5.83-
10.05) x 10°/L, Z=-2.237, P=0.025], neutrophil counts [4.40
(IQR: 2.60-7.30) x 10°/L vs. 3.60 (IQR: 2.10-4.90)x 10°/L,
Z=-3.091, P=0.002], procalcitonin [0.30 (IQR: 0.17-0.88) ng/
ml vs. 0.18 (IQR: 0.12-0.35) ng/ml, Z=-3.912, P=0.001], and
CO, levels [20.10 (IQR: 18.10-21.50) mmol/L vs. 20.50 (IQR:
18.70-22.40) mmol/L, Z=—1.976, P=0.048] in the severe/critical
group compared with the mild/moderate group. No statistically
significant differences were observed in lymphocyte counts,
platelets, CRP, ALT, AST, CKMB, LDH, or hemoglobin (Hb)
levels between groups (all P> 0.05) (Table 1).

3.4 Multivariate logistic regression analysis
of independent predictors associated with
severe or critical disease

Multivariate logistic regression analysis was conducted to
identify independent factors associated with severe or critical
disease (Table 2). After adjustment for confounding variables,
fatigue or weakness (OR: 2.505, 95% CI: 1.359-4.615, P =10.003)
and hoarseness (OR: 2.781, 95% CI: 1.188-6.510, P=0.018) were
identified as significant predictors for severe or critical disease
among pediatric patients. However, age, white blood cell (WBC)
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TABLE 2 Multivariate logistic regression analysis of factors associated with severe or critical disease.

Variable 95% CI for OR
Lower limit Upper limit

Age (months) 0.005 0.005 0.929 0.335 1.005 0.995 1015
Fatigue/Weakness 0.918 0.312 8.672 0.003 2.505 1.359 4615
Hoarseness/ 1.023 0.434 5.559 0.018 2.781 1.188 6.510
WBC —0.048 0.061 0.622 0.430 0.953 0.847 1.074
Neutrophil count 0.152 0.086 3.092 0.079 1.164 0.983 1378

PCT 0.165 0.149 1222 0.269 1.179 0.881 1.579
CO2 —0.055 0.053 1.087 0.297 0.947 0.854 1.049
Constant —0.418 1.145 0.133 0.715 0.658

B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; WBC, white blood cell count; PCT, procalcitonin; CO,, carbon dioxide. Variables with P <0.05 are

considered statistically significant.

TABLE 3 Comparison of demographics and clinical symptoms according to oxygen therapy.

Variable Category

No oxygen therapy (n = 240)

Oxygen therapy (n = 47)

Oxygen therapy

Oxygen therapy* 240 (83.6%) 47 (16.4%)

Low-flow oxygen - 33 (70.2%)

Mask oxygen - 9 (19.2%)

MV - 5 (10.6%)

Demographics

Median age (months) 10.73 (3.57,28.00) 11.27 (2.10,21.00) —0.941 0.347

Male 163 (67.9%) 28 (59.6%) 1.229 0.268

Female 77 (32.1%) 19 (40.4%)

Clinical symptoms

Seizures No 174 (72.5%) 26 (55.3%) 5.492 0.019
Yes 66 (27.5%) 21 (44.7%)

Fatigue/Weakness No 183 (76.3%) 21 (44.7%) 19.055 0.001
Yes 57 (23.8%) 26 (55.3%)

Hoarseness No 213 (88.8%) 41 (87.2%) 0.089 0.766
Yes 27 (11.3%) 6 (12.8%)

Diarrhea No 228 (95%) 45 (95.7%) 0.000 1.000
Yes 12 (5%) 2 (4.3%)

Vomiting No 191 (79.6%) 39 (83%) 0.285 0.594
Yes 49 (20.4%) 8 (17%)

Conjunctivitis No 235 (97.9%) 47 (100%) ~ 1.000
Yes 5(2.1%) 0 (0%)

Rash No 231 (96.3%) 46 (97.9%) 0.014 0.905
Yes 9 (3.8%) 1(2.1%)

Underlying diseases No 208 (86.7%) 39 (83%) 0.446 0.504
Yes 32 (13.3%) 8 (17) %

Data are presented as numbers, percentages (%), and medians with interquartile ranges (IQR). Values marked with an asterisk * is calculated based on the total study population (N = 287); all
other percentages are calculated based on the number of patients in each group (no oxygen therapy, n = 240; oxygen therapy, n = 47). Statistical comparisons were performed using Chi-square
test (;(2) for categorical variables and Mann-Whitney U test (Z) for continuous variables. MV, mechanical ventilation.

count, neutrophil count, procalcitonin (PCT), and carbon dioxide
(CO,) levels were not significantly associated with disease
severity (all P> 0.05).

3.5 Oxygen therapy
A total of 47 pediatric patients (16.4% of 287 patients) required

oxygen therapy. Among these, 33 (70.2%) received low-flow
oxygen therapy, 9 (19.2%) received mask oxygen therapy, and 5
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(10.6%) required mechanical ventilation (Table 3). Comparison
of demographic characteristics showed no significant difference
in median age or gender distribution between oxygen and non-
oxygen therapy groups (P=0.347 and P=0.268, respectively).
Clinical symptom analysis indicated that seizures and fatigue/
weakness were significantly more prevalent among patients
receiving oxygen therapy compared to those not requiring
oxygen therapy (44.7% vs. 27.5%, P=10.019 and 55.3% vs. 23.8%,
However, other clinical

P=0.001, respectively). symptoms,

including hoarseness, diarrhea, vomiting, conjunctivitis, rash, and
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TABLE 4 Clinical features, laboratory findings, and outcomes of five pediatric patients with critical COVID-19.

Variable Case 1 Case 2 Case 3 Case 4

Age 18 months 17 months 13 months 11+ years

Gender Male Male Female Female

Seizure + + + - -
Fatigue/Weakness + + + + +
Diarrhea - - - - -
Hoarseness - - - - -
Vomiting - + + + -
Conjunctivitis - - - - -
Rash - - - - -
Underlying Diseases - - IEI * - -
D-D 50,740 16,900 5,050 360 960
LAC 4.98 8.91 5.63 2.06 5.22
PCT 12.5 50 0.084 0.257 0.35
CRP <5 <5 <5 16.3 <5
IL-6 >4,000 2,141 <4 145 <4
CO2 12.3 11.9 17.2 19.9 24
TNI 0.468 0.307 0.004 0.005 /
MIS-C (Y or N) Y Y N N N
ANE (Y or N) Y Y Y N N
MV (ETI) Y Y Y Y Y
Outcomes Death Death Death Recovered Recovered

“+” indicates the presence of a symptom; “~” indicates its absence; “/” indicates missing data. IEI, inborn errors of immunity. The patient presented with scattered hyperpigmented macules on
the skin shortly after birth. Genetic testing identified a heterozygous variant in the IKBKG gene: NM_001099857.1:¢.1110delinsTT (p.Ala371Cysfs24). The clinical phenotype was suggestive of
incontinentia pigmenti, immunodeficiency 33, and ectodermal dysplasia with immunodeficiency 1. D-D, D-dimer (ng/ml); LAC, lactate (mmol/L); PCT, procalcitonin (ng/ml); CRP, C-reactive
protein (mg/L); IL-6, interleukin-6 (pg/ml); CO,, carbon dioxide (mmol/L); TNI, troponin I (ng/ml); MIS-C, multisystem inflammatory syndrome in children; ANE, acute necrotizing

encephalopathy; ETI, endotracheal intubation.

presence of chronic or underlying diseases, showed no
statistically significant differences between the two groups (all

P>0.05) (Table 3).

3.6 Clinical characteristics and prognosis of
5 pediatric patients with critical-type
COVID-19

Detailed clinical features, laboratory findings, and outcomes of
five pediatric patients (Case 1-5) diagnosed with critical-type
COVID-19 are summarized in Table 4. These critically ill
patients ranged in age from 37 days to over 11 years and
included three males and two females. All five patients presented
with fatigue and weakness. Seizures were reported in three of the
five cases (60%), and vomiting occurred in three patients as well,
with two experiencing both symptoms. None of the patients
presented with diarrhea, rash, or conjunctivitis. Laboratory
investigations revealed significantly elevated levels of D-dimer
(360-50, 740 ng/ml), lactate (2.06-8.91 mmol/L), and highly
variable procalcitonin concentrations (0.084-50 ng/ml). Notably,
marked elevations in D-dimer (50,740 and 16,900 ng/ml) and
interleukin-6 (>4,000 and 2,141 pg/ml) were observed in two
patients. Troponin-I levels were increased in two patients
(maximum 0.468 ng/ml). Carbon dioxide (CO,) levels ranged
from critically low (11.9 mmol/L) to normal (24 mmol/L).
Multisystem inflammatory syndrome in children (MIS-C) was
diagnosed in two of the five critical cases (40%), and three
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patients (60%) developed acute necrotizing encephalopathy
(ANE). All five critical cases required mechanical ventilation via
endotracheal intubation. The three ANE cases, all of whom died,
occurred in children aged between 1 and 1.5 years and accounted
for a mortality rate of 1.05% in the overall cohort. An axial brain
CT image from Case 2 is shown in Figure 5, demonstrating
extensive brain injury consistent with clinical features suggestive
of ANE.

4 Discussion

In this single-center cohort study, we analyzed 287 pediatric
patients hospitalized with COVID-19. Most of the patients were
under 3 years of age (82.2%), with infants (<1 year) accounting
for 52.6%. Among infants, moderate illness was the most
frequently observed. Severe and critical illness occurred in 32.8%
of the total cohort. Among the five children who were critically
ill, three died, representing 1.05% of the total cases. All three
fatalities occurred in children aged between 1 and 1.5 years. The
overall male-to-female ratio was 2:1, which showed a statistically
significant difference; however, no sex-related differences were
observed across categories of disease severity. In terms of age
distribution, infants and toddlers—particularly infants—
accounted for the highest proportion of pediatric COVID-19
hospitalizations. This observation is consistent with previous
epidemiological data. For example, a study conducted in the

United States reported that nearly 44% of children hospitalized
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FIGURE 5

Axial brain CT images of case 2. (A) Bilateral cerebral hemispheric swelling with effacement of sulci and fissures, blurred gray-white matter
differentiation, and mildly hypodense areas in the bilateral basal ganglia; (B) mild hypodensity in the bilateral thalami; (C) Mild hypodensity in the
upper midbrain; (D) Patchy mild hypodensities in the bilateral cerebellar hemispheres

with COVID-19 were infants younger than 6 months (23-25). In
terms of disease severity by age, moderate illness was most
frequently observed in infants, while toddlers primarily exhibited
mild to moderate symptoms (5-8). These observations align with
previous reports indicating that COVID-19 in infants and
toddlers is generally mild and associated with favorable
outcomes. Nevertheless, the concentration of fatal cases in the
1-1.5-year age range may suggest a potentially increased
susceptibility to disease progression in this age group. This may
suggest a need for closer clinical observation and timely support
in children at this developmental stage. In terms of sex
distribution, we observed that a significantly higher proportion of
hospitalized pediatric were male compared to female
(approximately 2:1). However, no significant association was
found between sex and disease severity, suggesting that once
hospitalized for COVID-19, boys and girls tend to experience

comparable levels of clinical severity. This indicates that, based
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on our cohort, sex does not appear to influence clinical prognosis
in pediatric COVID-19 cases. The underlying reasons for the
observed sex disparity in hospitalization remain unclear. Similar
conclusions have been reported in the literature, with comparable
trends also observed in adult populations (26-28). In contrast, other
studies have reported no significant sex-based differences in
infection rates (25, 29-31). Some researchers have proposed that sex
differences in the expression of hormone-regulated receptors—such
as transmembrane serine protease 2 (TMPRSS2) and angiotensin-
converting enzyme 2 (ACE2)—may contribute to differential
susceptibility to viral entry and infection (32, 33). Alternatively, the
observed imbalance might be influenced by regional differences in
the sex distribution of the pediatric population. These underlying
mechanisms warrant further investigation.

We found that certain clinical symptoms and laboratory
findings were associated with increased disease severity. In
univariate analyses, patients in the severe/critical group, compared
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to those in the mild/moderate group, showed significant differences
in age; clinical symptoms such as fatigue/ weakness and hoarseness;
and laboratory parameters, including elevated white blood cell
(WBC) count, neutrophil count, and procalcitonin (PCT) levels, as
well as decreased carbon dioxide (CO,) levels. However, in the
multivariate model, neither age nor laboratory markers retained
statistical significance, whereas fatigue/weakness and hoarseness
remained independently associated with severe illness. This may
be due to the inherently low specificity of routine laboratory
indicators for viral infections. In the early stages of disease, such
markers may have limited sensitivity and specificity in
differentiating disease severity. Notably, fatigue/weakness and
hoarseness remained significantly associated with severe/critical
illness even after adjusting for potential confounders in multivariate
regression analysis. Fatigue/weakness may represent an early clinical
manifestation of multisystem involvement, particularly of the central
nervous system. Hoarseness, on the other hand, may reflect
laryngeal edema, hypoxemia, or more severe respiratory tract
involvement, which could explain its stronger association with
severe disease. These findings suggest that specific clinical features
may be more valuable than routine laboratory tests for the early
prediction of disease severity in pediatric COVID-19. Among
critically ill patients, all three fatal cases were complicated by acute
necrotizing encephalopathy (ANE), and two developed multisystem
children (MIS-C). MIS-C is a

hyperinflammatory syndrome and a critical manifestation of

inflammatory syndrome in

COVID-19, often characterized by persistent fever, shock, and
multiorgan dysfunction, and typically requires admission to a
pediatric intensive care unit (PICU). According to existing literature,
the median age at MIS-C onset is around 8-9 years; however, both
MIS-C cases in our study occurred in the toddler age group,
indicating that clinicians should maintain a high index of suspicion
for MIS-C even in younger children presenting with compatible
inflammatory features (34-36). ANE is another severe neurological
complication of COVID-19, previously reported in several pediatric
cases, with a mortality rate exceeding 50% (10, 37-41). In our
study, all three ANE cases were fatal, further underscoring that
central nervous system involvement is a key pathophysiological
feature of severe pediatric COVID-19, particularly among critically
ill children in the infant and toddler age group.

In the analysis of oxygen supplementation, 16.4% of children
with COVID-19 required oxygen therapy. Children presenting
with clinical features such as seizures and fatigue/weakness had a
higher frequency of oxygen use compared to asymptomatic cases.
This suggests that beyond respiratory involvement, which typically
necessitates oxygen support, neurologic symptoms may also be
associated with an increased need for oxygen therapy in pediatric
COVID-19 cases. When seizures were analyzed separately in
relation to disease severity classification, no statistically significant
differences were found in either chi-square or multivariate
regression analyses. This may be due to the high proportion of
febrile seizures in clinical practice, which are generally benign and
have favorable outcomes. These findings indicate that seizures
alone may have limited specificity for predicting severe or critical
illness. Nevertheless, in severe and especially critical cases, seizures
often reflect direct neurological involvement. Clinicians should
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remain vigilant in assessing children with seizure episodes,
those
consciousness or signs of encephalitis or encephalopathy.

particularly who present with postictal impaired

This study was retrospective in design, conducted at a single
center, and included a relatively small number of critical cases,
which may have limited the identification of certain risk factors.
In addition, symptom documentation may have been subject to
bias, and underlying conditions and long-term outcomes were
not comprehensively assessed. Despite these limitations, our
findings offer valuable insights into clinical predictors of disease
severity in pediatric COVID-19, particularly for high-risk groups
such as infants and toddlers.

In summary, children under 3 years of age accounted for the
majority of pediatric COVID-19 hospitalizations, with infants
particularly affected. Fatigue or generalized weakness was
significantly associated with severe or critical illness and may
represent an early, atypical sign of neurological involvement.
Although hoarseness was more common in severe cases, it was
not observed among those with critical illness, suggesting its
limited role in predicting extreme disease. All fatalities occurred
in children aged 1-1.5 years and were characterized by acute
encephalopathy (ANE), with two

complicated by multisystem inflammatory syndrome in children

necrotizing cases also

(MIS-C). These findings highlight the importance of recognizing

symptoms
particularly in younger children at higher risk of severe outcomes.

subtle neurologic early in the disease course,

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Shantou Central Hospital. The studies were
conducted in accordance with the local legislation and
institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed
consent for participation from the participants or the
participants’

informed consent was waived by the Ethics Committee of

legal guardians/next of kin because Written

Shantou Central Hospital because the study was retrospective in
nature, involved no interventions, and used anonymized clinical
data without identifiable personal information.

Author contributions

XW: Conceptualization, Methodology, Validation, Writing -
original draft, Writing - review & editing. RM: Data curation,
Methodology,
Writing - review & editing. WZ: Data curation, Formal analysis,

Formal  analysis, Resources,  Software,

frontiersin.org


https://doi.org/10.3389/fped.2025.1627428
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wang et al.

Writing - review & editing. HL: Data curation, Formal analysis,
Writing - review & editing HZ: Data curation, Formal
analysis, Writing — review & editing. ZX: Data curation, Formal
analysis, Writing - review & editing. SL: Data curation,
Formal analysis, Writing — review & editing. YG: Data curation,
Formal analysis, Writing - review & editing. XZ: Data
curation, Formal analysis, Writing — review & editing. ML: Data
curation, Formal analysis, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from
patients with pneumonia in China, 2019. N Engl ] Med. (2020) 382(8):727-33. doi: 10.
1056/NEJM0a2001017

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020)
395(10223):497-506. doi: 10.1016/S0140-6736(20)30183-5

3. Swerdlow DL, Finelli L. Preparation for possible sustained transmission of 2019
novel coronavirus: lessons from previous epidemics. JAMA. (2020) 323(12):1129-30.
doi: 10.1001/jama.2020.1960

4. Tan CW, Yang X, Anderson DE, Wang L-F. Bat virome research: the past, the present
and the future. Curr Opin Virol. (2021) 49:68-80. doi: 10.1016/j.coviro.2021.04.013

5. Viner RM, Ward JL, Hudson LD, Ashe M, Patel SV, Hargreaves D, et al. Systematic
review of reviews of symptoms and signs of COVID-19 in children and adolescents.
Arch Dis Child. (2021) 106(8):802-7. doi: 10.1136/archdischild-2020-320972

6. Liguoro I, Pilotto C, Bonanni M, Ferrari ME, Pusiol A, Nocerino A, et al. SARS-
COV-2 infection in children and newborns: a systematic review. Eur ] Pediatr. (2020)
179(7):1029-46. doi: 10.1007/s00431-020-03684-7

7. Forrest CB, Burrows EK, Mejias A, Razzaghi H, Christakis D, Jhaveri R, et al.
Severity of acute COVID-19 in children <18 years old march 2020 to December
2021. Pediatrics. (2022) 149(4):¢2021055765. doi: 10.1542/peds.2021-055765

8. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, Araujo-Chaveron L, Arevalo-
Rodriguez I, et al. Occurrence and transmission potential of asymptomatic and
presymptomatic SARS-CoV-2 infections: update of a living systematic review and
meta-analysis. PLoS Med. (2022) 19(5):¢1003987. doi: 10.1371/journal.pmed.1003987

9. Aubart M, Roux C-J, Durrleman C, Gins C, Hully M, Kossorotoff M, et al.
Neuroinflammatory disease following severe acute respiratory syndrome coronavirus
2 infection in children. J Pediatr. (2022) 247:22-28.¢2. doi: 10.1016/j.jpeds.2022.05.018

10. Lin X, Wang Y, Li X, Abdalla M, Zhang F, Dong C, et al. Acute necrotizing
encephalopathy in children with COVID-19: a retrospective study of 12 cases. Front
Neurol. (2023) 14:1184864. doi: 10.3389/fneur.2023.1184864 (eCollection 2023).

11. Radia T, Williams N, Agrawal P, Harman K, Weale J, Cook J, et al. Multi-system
inflammatory syndrome in children & adolescents (MIS-C): a systematic review of
clinical features and presentation. Paediatr Respir Rev. (2021) 38:51-7. doi: 10.1016/
j-prrv.2020.08.001

12. Fink EL, Robertson CL, Wainwright MS, Roa JD, Lovett ME, Stulce C, et al.
Prevalence and risk factors of neurologic manifestations in hospitalized children
diagnosed with acute SARS-CoV-2 or MIS-C. Multicenter Study Pediatr Neurol.
(2022) 128:33-44. doi: 10.1016/j.pediatrneurol.2021.12.010

13. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-19
among children in China. Pediatrics. (2020) 145(6):¢20200702. doi: 10.1542/peds.
2020-0702

Frontiers in Pediatrics

1

10.3389/fped.2025.1627428

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

14. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report of
72 314 cases from the Chinese center for disease control and prevention. JAMA.
(2020) 323(13):1239-42. doi: 10.1001/jama.2020.2648

15. World Health Organization. Clinical Management of COVID-19: Interim
Guidance, 27 May 2020. Geneva: World Health Organization (2020). Available
online at:  https://iris.who.int/bitstream/handle/10665/332196/WHO-2019-nCoV-
clinical-2020.5-eng.pdf (Accessed August 11, 2025).

16. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA. (2020) 323(11):1061-9. doi: 10.1001/jama.2020.1585

17. Woodruff RC, Campbell AP, Taylor CA, Chai SJ, Kawasaki B, Meek J, et al. Risk
factors for severe COVID-19 in children. Pediatrics. (2022) 149(1):e2021053418.
doi: 10.1542/peds.2021-053418

18. Graff K, Smith C, Silveira L, Jung S, Curran-Hays S, Jarjour J, et al. Risk factors
for severe COVID-19 in Children. Pediatr Infect Dis ]. (2021) 40(4):e137-45. doi: 10.
1097/INF.0000000000003043

19. Farrar DS, Drouin O, Hepburn CM, Baerg K, Chan K, Cyr C, et al. Risk factors
for severe COVID-19 in hospitalized children in Canada: a national prospective study
from March 2020-May 2021. Lancet Reg Health Am. (2022) 15:100337. doi: 10.1016/j.
lana.2022.100337

20. Ruan Q, Yang K, Wang W, Jiang L, Song J. Correction to: clinical predictors of
mortality due to COVID-19 based on an analysis of data of 150 patients from
Wuhan, China. Intensive Care Med. (2020) 46(6):1294-7. doi: 10.1007/s00134-020-
06028-z

21. Jiang R-M, Xie Z-D, Jiang Y, Lu X-X, Jin R-M, Zheng Y-J, et al. Diagnosis,
treatment and prevention of severe acute respiratory syndrome coronavirus 2
infection in children: experts’ consensus statement updated for the omicron variant.
World J Pediatr. (2024) 20(3):272-86. doi: 10.1007/s12519-023-00745-3

22. Jiang R-M, Xie Z-D, Jiang Y, Lu X-X, Jin R-M, Zheng Y-J, et al. Diagnosis,
treatment and prevention of severe acute respiratory syndrome coronavirus 2
infection in children: experts’ consensus statement (fifth edition) updated for the
omicron variant. Chin ] Appl Clin Pediatr. (2023) 38(1):20-30. doi: 10.3760/cma.j.
cn101070-20230114-00036

23. Hamid S, Woodworth K, Pham H, Milucky J, Chai SJ, Kawasaki B, et al.
COVID-19-associated hospitalizations among U.S. infants aged <6 months -
COVID-NET, 13 states, June 2021-August 2022. MMWR Morb Mortal Wkly Rep.
(2022) 71(45):1442-8. doi: 10.15585/mmwr.mm?7145a3

24. Marks KJ, Whitaker M, Agathis NT, Anglin O, Milucky J, Patel K, et al.
Hospitalization of infants and children aged 0-4 years with laboratory-confirmed
COVID-19 - COVID-NET, 14 states, March 2020-February 2022. MMWR Morb
Mortal Wkly Rep. (2022) 71(11):429-36. doi: 10.15585/mmwr.mm7111e2

frontiersin.org


https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1001/jama.2020.1960
https://doi.org/10.1016/j.coviro.2021.04.013
https://doi.org/10.1136/archdischild-2020-320972
https://doi.org/10.1007/s00431-020-03684-7
https://doi.org/10.1542/peds.2021-055765
https://doi.org/10.1371/journal.pmed.1003987
https://doi.org/10.1016/j.jpeds.2022.05.018
https://doi.org/10.3389/fneur.2023.1184864
https://doi.org/10.1016/j.prrv.2020.08.001
https://doi.org/10.1016/j.prrv.2020.08.001
https://doi.org/10.1016/j.pediatrneurol.2021.12.010
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1001/jama.2020.2648
https://iris.who.int/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf
https://iris.who.int/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1542/peds.2021-053418
https://doi.org/10.1097/INF.0000000000003043
https://doi.org/10.1097/INF.0000000000003043
https://doi.org/10.1016/j.lana.2022.100337
https://doi.org/10.1016/j.lana.2022.100337
https://doi.org/10.1007/s00134-020-06028-z
https://doi.org/10.1007/s00134-020-06028-z
https://doi.org/10.1007/s12519-023-00745-3
https://doi.org/10.3760/cma.j.cn101070-20230114-00036
https://doi.org/10.3760/cma.j.cn101070-20230114-00036
https://doi.org/10.15585/mmwr.mm7145a3
https://doi.org/10.15585/mmwr.mm7111e2
https://doi.org/10.3389/fped.2025.1627428
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wang et al.

25. Ward JL, Harwood R, Kenny S, Cruz J, Clark M, Davis PJ, et al. Pediatric
hospitalizations and ICU admissions due to COVID-19 and pediatric inflammatory
multisystem syndrome temporally associated with SARS-CoV-2 in England. JAMA
Pediatr. (2023) 177(9):947-55. doi: 10.1001/jamapediatrics.2023.2357

26. Jiang Q-L, Wang F-Y, Zheng K-J. Clinical features of children with coronavirus
disease 2019 in different age groups during the epidemic of omicron variant. Zhongguo
Dang Dai Er Ke Za Zhi. (2023) 25(6):600-5. doi: 10.7499/j.issn.1008-8830.2302014

27. Di Fusco M, Vaghela S, Moran MM, Lin ], Atwell JE, Malhotra D, et al. COVID-
19-associated hospitalizations among children less than 12 years of age in the United
States. ] Med Econ. (2022) 25(1):334-46. doi: 10.1080/13696998.2022.2046401

28. Tagarro A, Cobos-Carrascosa E, Villaverde S, Sanz-Santaeufemia F-J, Grasa C,
Soriano-Arandes A, et al. Clinical spectrum of COVID-19 and risk factors
associated with severity in Spanish children. Eur J Pediatr. (2022) 181(3):1105-15.
doi: 10.1007/s00431-021-04306-6

29. Swann OV, Holden KA, Turtle L, Pollock L, Fairfield CJ, Drake TM, et al.
Clinical characteristics of children and young people admitted to hospital with
COVID-19 in United Kingdom: prospective multicentre observational cohort study.
BM]J. (2020) 370:m3249. doi: 10.1136/bmj.m3249

30. Wan L, Liu Y, Tan S, Xiao J, Feng B, Fang J, et al. Prevalence and factors of
COVID-19 among children in Hunan, China, following the deregulation of
epidemic control: an observational study in epidemiology. BMJ Open. (2025) 15(3):
€089651. doi: 10.1136/bmjopen-2024-089651

31. Leeb RT, Price S, Sliwa S, Kimball A, Szucs L, Caruso E, et al. COVID-19 trends
among school-aged children — United States, March 1-September 19, 2020. MMWR
Morb Mortal Wkly Rep. (2020) 69(39):1410-5. doi: 10.15585/mmwr.mm6939e2

32. Ataei A, Derakhshan MM, Razmjooie M, Zare F, Amiresmaeili H, Salehi N, et al.
Androgens’ role in severity and mortality rates of COVID-19. Horm Metab Res. (2022)
54(12):813-26. doi: 10.1055/a-1954-5605

33. Tramontana F, Battisti S, Napoli N, Strollo R. Immuno-endocrinology of
COVID-19: the key role of sex hormones. Front Endocrinol (Lausanne). (2021)
12:726696. doi: 10.3389/fendo.2021.726696

Frontiers in Pediatrics

12

10.3389/fped.2025.1627428

34, Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son MBEF, et al.
Multisystem inflammatory syndrome in U.S. children and adolescents. N Engl ] Med.
(2020) 383:334-46. doi: 10.1056/NEJM0a2021680

35. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell AP,
et al. Factors linked to severe outcomes in multisystem inflammatory
syndrome in children (MIS-C) in the USA: a retrospective surveillance study.
Lancet Child Adolesc Health. (2021) 5(5):323-31. doi: 10.1016/S2352-4642(21)
00050-X

36. Feldstein LR, Tenforde MW, Friedman KG, Newhams M, Rose EB, Dapul H, et al.
Characteristics and outcomes of US children and adolescents with multisystem
inflammatory syndrome in children (MIS-C) compared with severe acute COVID-19.
JAMA. (2021) 325(11):1-14. doi: 10.1001/jama.2021.2091

37. Le TT, Gutiérrez-Sacristan A, Son J, Hong C, South AM, Beaulieu-Jones BK,
et al. Multinational characterization of neurological phenotypes in patients
hospitalized with COVID-19. Sci Rep. (2021) 11(1):20238. doi: 10.1038/s41598-021-
99481-9

38. Sun Y-K, Wang C, Lin P-Q, Hu L, Ye ], Gao Z-G, et al. Severe pediatric COVID-
19: a review from the clinical and immunopathophysiological perspectives. World
J Pediatr. (2024) 20(4):307-24. doi: 10.1007/s12519-023-00790-y

39. Lin J-J, Tu Y-F, Chen S-J, Kuo Y-T, Jeng M-J, Ko MH-], et al
Fatal fulminant cerebral edema in six children with SARS-CoV-2 omicron BA.2
infection in Taiwan. J Pediatric Infect Dis Soc. (2023) 12(2):99-103. doi: 10.1093/
jpids/piacl16

40. LaRovere KL, Riggs BJ, Poussaint TY, Young CC, Newhams MM, Maamari M,
et al. Neurologic involvement in children and adolescents hospitalized in the United
States for COVID-19 or multisystem inflammatory syndrome. JAMA Neurol. (2021)
78(5):1-12. doi: 10.1001/jamaneurol.2021.0504

41. Shen J-M, Liu R-H, Li Z-P, Dong J-H, Tong J-N, Li J, et al
Clinical ~characteristics and prognosis in 12 children with SARS-CoV-2
omicron variant infection-associated acute necrotizing encephalopathy. Zhongguo
Dang Dai Er Ke Za Zhi. (2023) 25(11):1170-4. doi: 10.7499/j.issn.1008-8830.2307058

frontiersin.org


https://doi.org/10.1001/jamapediatrics.2023.2357
https://doi.org/10.7499/j.issn.1008-8830.2302014
https://doi.org/10.1080/13696998.2022.2046401
https://doi.org/10.1007/s00431-021-04306-6
https://doi.org/10.1136/bmj.m3249
https://doi.org/10.1136/bmjopen-2024-089651
https://doi.org/10.15585/mmwr.mm6939e2
https://doi.org/10.1055/a-1954-5605
https://doi.org/10.3389/fendo.2021.726696
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.1016/S2352-4642(21)00050-X
https://doi.org/10.1016/S2352-4642(21)00050-X
https://doi.org/10.1001/jama.2021.2091
https://doi.org/10.1038/s41598-021-99481-9
https://doi.org/10.1038/s41598-021-99481-9
https://doi.org/10.1007/s12519-023-00790-y
https://doi.org/10.1093/jpids/piac116
https://doi.org/10.1093/jpids/piac116
https://doi.org/10.1001/jamaneurol.2021.0504
https://doi.org/10.7499/j.issn.1008-8830.2307058
https://doi.org/10.3389/fped.2025.1627428
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Clinical characteristics and factors associated with severe COVID-19 among hospitalized pediatric patients: a retrospective cohort study in the Chaoshan region of China
	Introduction
	Materials and methods
	Study population
	Laboratory methods
	Clinical classification of COVID-19
	Statistical analyses

	Results
	Study population and baseline characteristics
	Clinical presentations and laboratory findings
	Clinical and laboratory characteristics stratified by disease severity
	Multivariate logistic regression analysis of independent predictors associated with severe or critical disease
	Oxygen therapy
	Clinical characteristics and prognosis of 5 pediatric patients with critical-type COVID-19

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


