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Risk factors for severe disease in children
hospitalized with SARS-CoV-2 infection
in China: a retrospective cohort study
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Abstract

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has spread rapidly worldwide
since its emergence in 2019. While infections in children are generally mild, severe disease can occur in some rare
cases. Herein, we aim to identify risk factors for severe disease in children hospitalized with SARS-CoV-2 infection
during the post-Omicron period.

Methods This retrospective cohort study was based on a review of the records of children aged under 15 years
hospitalized with SARS-CoV-2 infection at a university hospital in Xi'an, China between December 8, 2022, and January
17,2023. Multivariable logistic regression was applied to identify factors associated with severe disease.

Results Of 164 children included in the analysis, 33 had severe disease and 131 had non-severe disease. Disease
severity did not differ significantly according to sex or SARS-CoV-2 vaccination status. The prevalence of comorbidities
was significantly higher in children with severe disease than in those with non-severe disease (30% [10/33] vs. 10.7%
[14/131], p=0.04). The prevalence of neurological manifestations and multisystem disease were also significantly
higher in children with severe disease than in those with non-severe disease (91% [30/33] vs. 27.5% [36/131], p=0.001;
and 64% [21/33] vs. 43.5% [57/131], p=0.039, respectively). Multivariable logistic regression analysis identified younger
age (odds ratio [OR]: 0.702, 95% confidence interval [Cl]: 0.551-0.893; p=0.004), the presence of comorbidities (OR:
9.042,95% Cl: 2.505X-32.645; p=0.001), and neurological signs (OR: 217.21, 95% Cl: 34.988-1348.469; p <0.001) as
independent risk factors for severe disease.

Conclusion This single-center retrospective cohort study reveals that younger children with comorbidities and
neurological manifestations are at higher risk of developing severe SARS-CoV-2 infection. These findings should be
interpreted considering limitations including short study timeframe, homogeneous vaccine types, and lack of variant-
specific analyses.
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Background

In the years following its emergence in December 2019,
the incidence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection has significantly
increased worldwide. The World Health Organization
reported over 766 million confirmed cases of SARS-
CoV-2 infection [1], with subsequent research showing
that children are susceptible to SARS-CoV-2 [2]. Epi-
demiological evidence indicates that children account
for about 2% of confirmed COVID-19 cases [3, 4], with
most experiencing mild or asymptomatic infection that
rarely requires hospitalization, some still develop severe
or critical conditions, such as severe pneumonia, acute
respiratory distress syndrome, toxic encephalopathy, and
multisystem inflammatory syndrome in children (MIS-
C), which can inflict a serious burden on families and
society [5]. As such, early identification and interven-
tion are important when treating severe SARS-CoV-2
infections.

In this study, we retrospectively examined the clinical
characteristics of children hospitalized with SARS-CoV-2
infection at our institution to identify risk factors for
severe disease in children hospitalized during the post-
Omicron period.

Methods

This retrospective study included children admitted to
a single institution with real-time reverse transcription-
polymerase chain reaction (RT-PCR)-confirmed SARS-
CoV-2 from December 8, 2022, to January 17, 2023. This
study was conducted in line with principles of the Decla-
ration of Helsinki, and approval was granted by the Eth-
ics Committee of the First Affiliated Hospital of Air Force
Medical University (Number: KY20252368-C-1). The
requirement for informed consent was waived because
this was a retrospective record review. This study was
reported in accordance with Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Data on demographics, clinical manifestations, labo-
ratory findings, treatments, and outcomes were col-
lected from medical records. Inclusion criteria were age
between 28 days and 14 years with a confirmed diagnosis
of SARS-CoV-2 infection per Chinese guidelines [6, 7].
Patients were excluded for incomplete data or repeated
admissions [6, 7].

Patients were categorized into severe and non-severe
groups based on Chinese guidelines [6]. Severe disease
was defined as meeting at least one of the following: per-
sistent hyperpyrexia (>39 °C for >72 h) with or without
danger signs; tachypnea (age-specific criteria); resting
oxygen saturation < 93%; signs of respiratory distress;
acute neurological symptoms; feeding difficulties or
dehydration; respiratory failure; shock; or multi-organ
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failure requiring ICU care. The remaining patients con-
stituted the non-severe group. Diagnosis of MIS-C was
assessed using the CDC criteria, which require: (1) fever
> 38 °C for > 24 h; (2) multisystem involvement (> 2 organ
systems); (3) laboratory evidence of inflammation (e.g.,
elevated CRP, procalcitonin, or neutrophils); (4) no alter-
native plausible diagnosis; and (5) recent SARS-CoV-2
infection or exposure, confirmed by RT-PCR, serology, or
epidemiologic link [8].

All statistical analyses were performed using SPSS 23.0
(IBM Corp, Armonk, NY, USA). The chi-square test or
Fisher’s exact test were used for between-group compari-
sons of categorical variables, with results shown as the
frequency and percentage of cases.

Normally distributed data were expressed as the
mean + standard deviation (SD), while non-normally dis-
tributed data were expressed as the median and inter-
quartile range (IQR). The Mann-Whitney U-test was
applied for the between-group comparisons of continu-
ous data. Multivariable logistic regression was applied
to identify independent risk factors for severe infec-
tion. A clinical prediction model for critical risk factors
of COVID-19 in children based on Ridge regression by
using R software (version 4.3.2). The analysis will utilize
the following R packages: glmnet, boot, and pROC. P val-
ues < 0.05 were considered statistically significant.

Results

General and clinical characteristics of children with severe
and non-severe SARS-CoV-2 infection

A total of 164 children with SARS-CoV-2 infection were
included in this study (Table 1). The cohort showed a
male predominance (104 boys and 60 girls), while 33
(20.1%) and 131 (79.9%) of patients were classified as hav-
ing severe and non-severe SARS-CoV-2 infection, respec-
tively. The median age at diagnosis was 3.3 (IQR: 1.4-9.0)
years in the severe group, and 6.0 (1.0-10.0) years in the
non-severe group. All vaccinated children in our cohort
received inactivated vaccines (CoronaVac or Sinopharm).
The SARS-CoV-2 vaccine coverage was 42% (14/33) in
the severe group, and 57.3% (75/131) in the non-severe
group. The prevalence of comorbidities was significantly
higher in children with severe disease than in children
with non-severe disease (30% [10/33] vs. 10.7% [14/131],
p=0.04).

Clinical manifestations and investigations

Children with severe disease primarily presented with
neurological manifestations, febrile seizures predomi-
nated (87.9%,29/33), followed by altered conscious-
ness (6.1%, 2/33) and afebrile headache (3.0%, 1/33) and
respiratory manifestations (Table 2), including fever (29
patients, 88%), and cough (19 patients, 58%). Conversely,
children with non-severe disease presented mainly with



Wang et al. BMC Infectious Diseases (2025) 25:1611

Table 1 Demographic and clinical characteristics by disease
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Table 2 Clinical manifestations and investigation in severe vs.

severity non-Severe hospitalized children with SARS-CoV-2 infection
Group Severe Non-severe P Group Severe Non-Severe P-value
(N=33) (N=131) value (N=33) (N=131)

Male, n (%) 23/33(70%)  81/131 (61.8%) 0.402 Fever 29/33(87.9%) 128/131(97.7%) 0.031

Age at diagnosis (years), 33(1.6-6.0) 6.0(1.0-10.0) 0.106 Fever duration (days), 15+20 21+23 0.128

median (IQR) mean+SD

Age group (years), n (%) 0.216 Respiratory symptoms 20/33(61%) 92/131 (70.2%) 0.288
<1 7/33 (21%) 33/131 (25.2%) Cough 19/33(57.6%) 76/131(58.0%)  0.964
Tto<3 10/33 (30%)  22/131 (16.8%) Coryza 7/33(21.2%)  50/131(38.2%) 0.068
3to 14 16/33 (48%) 76 /131 (58.0%) Neurological 30/33(90.9%) 36 /131(27.5%) 0.001

Contact history 22/33 (67%)  91/131 (69.5%) 0.756 manifestations’

COVID-19 vaccination*, 14/33 (42%)  75/131(573%)  0.126 Seizures 29/33(87.9%)  5/131(3.8%) 0.001°
n (%) Headache 1/33(3.0%) 18/131(13.7%) 0.126°
Unvaccinated 19/33 (58%)  56/131 (43.7) Digestive signs 7/33Q21.2%)  44/131(33.6%)  0.17
One dose 5/33 (15%) 9/131 (6.9%) Vomiting 3/33(9.1%) 34/131(26.0%) 0.06°

Two doses 6/33 (18%) 50/131 (38.2%) Abdominal pain 2/33(6.1%) 8/131(6.1%) >0.999°
Three doses 3/33 (9%) 16/131 (12.2%) Multisystem disease 21/33(63.6%) 57/131(43.5%)  0.039
Comorbidity#, n (%) 10/33 (30%) 14/131 (10.7%) 0.04 WBC (x10%/L), median 835 6.9 (5.43-9.53) 0.215
*Vaccine: inactivated vaccines from CoronaVac/Sinopharm; *Comorbidity: ~ (IQR) (4.83-11.84)
pre-existing conditions before SARS-CoV-2 infection; IQR: interquartile range. Lymphocytes (x10%/L), 105 136 (0.85-2.54) 0211
Categorical variables are presented as n (%); P values were calculated using the :
Chi-square test or Fisher’s exact test, as appropriate. Continuous variables are median (1QR) (077-262)
presented as median (IQR); P values were calculated using the Mann-Whitney Chest CT imaging 11/33(33.3%)  27/131(20.6%) 0.103
U test No findings 8/33(24.2%) 2/131(1.5%) 0.003°
Bronchiolitis 1/33(3.0%) 12/131(9.2%) 0.294°
. . . . . . One-sided Pneumonia 1/33(3.0%) 8/131(6.1%) 0.685°
respiratory and digestive manifestations, with fever (128 =\ o 1/333.0%  5/13138%) 1 000?
patients, 96.2%), cough (76 patients, 57.1%), coryza (50 i cction 2/33(6.0%) 11/131(8.4%) 04922

patients, 37.6%), and vomiting (34 patients, 25.6%). The
proportion of children with involvement of two or more
systems was significantly higher in children with severe
disease than in those with non-severe disease (64%
[21/33] vs. 43.5% [57/131], p=0.039).

As shown in supplemental table, the prevalence of
comorbidities was significantly higher in children with
severe disease than in children with non-severe disease
(30% [10/33] vs. 10.7% [14/131], p=0.04). Neurological
comorbidities predominated in severe cases, with epi-
lepsy (3/33) and cerebral palsy (1/33) being most com-
mon. In contrast, allergic diseases were more frequent in
non-severe cases (13/131, 9.92% vs. 1/33, 3.03% in severe
cases; p =0.305). Notably, 80% (8/10) of severe cases with
comorbidities had neurological conditions, compared to
only 7.1% (1/14) of non-severe cases.

Treatment and outcomes

Oxygen therapy was administered based on comprehen-
sive clinical assessment. Indications included hypoxemia
(SpO, < 93%), signs of increased work of breathing, or
need for physiological support following neurological
events. Among the 33 children with severe disease, 29
(88%) received nasal cannula/face mask oxygen therapy,
two (6%) received heated humidified high-flow oxy-
gen therapy, and two (6%) received mechanical ventila-
tion. All children with severe disease received interferon
nebulization therapy, while 21 (64%) further received

@ Fisher’s exact test

$ Neurological manifestations: specific: Seizures, Encephalopathy, Focal deficits,
and others. Non-specific: Headache, myalgia, fatigue, and others. Multisystem
disease, > 2 system involvement; CT, computed tomography; IQR, interquartile
range; SD, standard deviation; Categorical variables are presented as n (%);
P values were calculated using the Chi-square test or Fisher’s exact test, as
appropriate. Continuous variables are presented as median (IQR); P values were
calculated using the Mann-Whitney U test

antibiotic treatment. Among the children with severe dis-
ease, 29 (87.9%) had a febrile seizure, one developed acute
necrotizing encephalopathy, and two developed multiple
organ failure. During the 1-year follow-up, two children
in the severe disease group had a persistent cough that
lasted more than 12 weeks, but their symptoms gradually
improved following symptomatic treatment. One patient
in the severe group developed recurrent headaches and
was diagnosed with a central nervous system infection
1 month following SARS-CoV-2 infection. This patient’s
symptoms improved with symptomatic treatment.

Risk factors for severe SARS-CoV-2 infection in
children

Ridge regression analysis (Table 3) revealed that younger
age, comorbidities, and the presence of neurological
manifestations were risk factors for severe SARS-CoV-2
infection, whereas SARS-CoV-2 vaccination did not
have a significant effect on the severity of SARS-CoV-2
infection.
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Table 3 Risk factors for severe disease in hospitalized children with SARS-CoV-2 infection (Ridge regression Model)

Unadjusted Logistic regression Ridge regression

OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value
Age (years) 0.91 (0.82-0.997) 0.043 0.70 (0.55-0.89) 0.004 0.91 (0.87-0.95) 4.5322E-06
Comorbidities* 3.63(1.44-9.18) 0.006 9.04 (2.51-32.6) 0.001 341 (1.68-5.85) 9.67775E-05
SARS-CoV-2 vaccination® 0.55 (0.25-1.19) 0.129 0.62 (0.10-3.84) 0.607 0.67 (0.45-1.00) 0.073
Neurological manifestations® 264 (7.58-91.2) <0.001 34.9(19.9-624) <0.001 8.71(5.86-12.29) 4.2069E-32

*Vaccine: inactivated vaccines from CoronaVac/Sinopharm; *Comorbidity: pre-existing conditions before SARS-CoV-2 infection; *Neurological manifestations:
specific: Seizures, Encephalopathy, Focal deficits, and others. Non-specific: Headache, myalgia, fatigue, and others. Cl, confidence interval; OR, odds ratio, ORs
derived from Ridge Regression with bootstrap validation (R=500) to maintain model robustness and address potential overfitting

Discussion

As of summer 2024, the SARS-CoV-2 pandemic has been
ongoing for over 4 years. The incidence of severe SARS-
CoV-2 infection in children is relatively low, and only a
small number of children experience severe SARS-CoV-2
infection [9].

During the study period, 164 children were admit-
ted to our department with SARS-CoV-2 infection. The
analysis revealed that younger age was a risk factor for
severe SARS-CoV-2 infection, which is consistent with
the results of previous studies [5, 10]. Prior research has
indicated that a younger age may contribute to an imma-
ture immune system [10]. However, the median age of
children with SARS-CoV-2 infection is higher than that
of SARS-CoV-2 negative children [11], whereas older
children are more likely to have decreased angiotensin-
converting enzyme 2 levels [12-14].

As stated by the “Recommendations on the Early Iden-
tification and Diagnosis of Severe Cases of SARS-CoV-2
Omicron Variant Infection in Children,” comorbidities
are considered as an early warning indicator for severe or
critically ill patients [15]. In the present study, we iden-
tified underlying disease as a high-risk factor for severe
SARS-CoV-2 infection in children. Comorbidities, such
as neuromuscular diseases, hematologic tumors, immune
system diseases, and asthma, have all previously been
identified as high-risk factors for severe SARS-CoV-2
infection [16]. While pre-existing neurological condi-
tions were more prevalent in severe cases (30% vs 10.7%),
our sensitivity analysis confirmed that acute neurological
manifestations independently predicted severity. How-
ever, we cannot exclude that underlying neurological
vulnerability may potentiate acute manifestations. One
study of pediatric cases of SARS-CoV-2 infection showed
that 83% of children admitted to the ICU had a clear
medical history of comorbidities [17]. One meta-analysis,
which included a total of 275,661 children with SARS-
CoV-2 infection, showed that the relative risk of severe
disease and associated mortality were 1.79 and 2.81,
respectively, in children with comorbidities, indicating
that the presence of comorbidities was a risk factor for
severe SARS-CoV-2 infection in children [18]. The strong
association between neurological comorbidities and dis-
ease severity may reflect both biological vulnerability

(e.g., impaired cough reflex, seizure susceptibility) and
care challenges (e.g., difficulty assessing symptoms). This
underscores the need for specialized protocols for these
high-risk children.

Neurological involvement following SARS-CoV-2
infection could manifest as conditions such as encepha-
litis, meningitis, seizures, encephalopathy, cerebrovascu-
lar disease, or Guillain-Barré syndrome [19]. Our study
identified neurological manifestations as the strongest
risk factor for severe disease. Initially, the logistic model
produced an exceptionally high OR, which raised con-
cerns about overfitting. However, after employing Ridge
regression to penalize extreme coefficients and using
bootstrap validation, the association remained robust
albeit more conservative. In the present study, some
patients presented with neurological manifestations
such as convulsions that could not be explained by high
fever, indicating that they were at risk of severe SARS-
CoV-2 infection. While we differentiated acute from
chronic neurological involvement, some overlap may
exist in children with pre-existing neurological condi-
tions. The absence of standardized neurodiagnostic pro-
tocols across all cases and limited CSF analysis may affect
manifestation classification. However, the mechanisms
underlying central nervous system involvement in SARS-
CoV-2 infection remain poorly understood [20]. How-
ever, current research suggests that immune imbalance,
direct invasion of the nervous system, and hypercoagu-
lability caused by viral infections can all lead to excessive
activation of the nervous system and abnormal electrical
discharge [21]. In addition, the nervous systems of chil-
dren are not fully developed [22], which may explain the
higher occurrence of seizures and disorders of conscious-
ness in children than in adults with SARS-CoV-2 infec-
tion. Indeed, one study of children with SARS-CoV-2
infection conducted in the United States found that
21.5% had neurological involvement and 1.9% had life-
threatening neurological disease [23]. Similarly, another
study reported that 21.5% of hospitalized children with
SARS-CoV-2 infection had neurological involvement,
and 2.5% developed severe neurological conditions
[24]. These studies all indicated that SARS-CoV-2 infec-
tion can cause neurological involvement; however, the
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proportion of patients with critical disease is low, and the
overall prognosis is good.

Multisystemic inflammatory syndrome in children
(MIS-C) is a rare complication of SARS-CoV-2 infec-
tion in children, which was first reported in April 2020
[25]. The incidence of MIS-C is higher among children
of Asian or Pacific Islander descent than among those
of European descent [26]. The pathogenesis of this con-
dition is unclear, but may be related to the immune
response to SARS-CoV-2 infection or damage to endo-
thelial cells caused directly by the virus [27, 28]. MIS-C
involves two or more organ systems, while the treatment
methods mainly include anti-inflammatory, anti-shock,
and multi-organ function support [15]. Although no
severe cases fulfilled the MIS-C criteria, the clinical fea-
tures of multisystem involvement shared similarities with
early MIS-C. This finding emphasizes the importance of
longitudinal follow-up for acute multisystem cases and
variant-specific characterization of complications.

SARS-CoV-2 vaccination can reduce the incidence of
severe disease and mortality. However, the present study
did not find a relationship between SARS-CoV-2 vaccina-
tion and the severity of SARS-CoV-2 infection. The lack
of vaccine-severity association may reflect: (a) our small
severe case group (n = 33) limiting statistical power; (b)
most vaccinations occurring >6 months pre-infection
during China’s Delta wave, potentially reducing protec-
tion against Omicron [29-31]; and (c) homogeneous
vaccine types preventing comparison with mRNA vac-
cines [32]. We emphasize that this finding does not con-
tradict global evidence on vaccine efficacy but highlights
the need for larger studies in children. Conversely, one
prior systematic review on the effectiveness and safety of
SARS-CoV-2 vaccination in children revealed that vac-
cination could prevent Omicron variant infection and
reduce hospitalization rates [33, 34] and viral load in chil-
dren with SARS-CoV-2 infection [33], but that vaccina-
tion had no effect on mortality [34]. The role of vaccines
in reducing the incidence of severe infection in children
thus requires further investigation.

This study has several limitations. First, it was con-
ducted at a single university hospital, selection bias may
exist as our single-center design captured primarily
severe referrals during the Omicron surge, which may
have limited the generalizability of the findings. Second,
the use of inactivated vaccines in our study population
means that the results regarding the effect of vaccination
may not apply to vaccination with mRNA vaccines, thus,
the heterogeneous timing of vaccination (range: 1-11
months pre-infection) and lack of mRNA vaccine com-
parators may limit generalizability to populations receiv-
ing mRNA or other vaccine platforms. Third, although
we applied standardized MIS-C criteria, the retrospec-
tive design inherently limited our analysis to available
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data. The absence of inflammatory marker testing in
some cases may have led to under-identification of MIS-
C, and the lack of detailed laboratory investigations (e.g.,
CRP, IL-6) constrained our ability to explore all potential
risk factors. Forth, the study’s narrow timeframe (Decem-
ber 2022—January 2023) coincided with the initial Omi-
cron BA.5 wave post-policy shift in China, which may
limit extrapolation to other variants or endemic phases of
SARS-CoV-2. The acute surge in admissions during this
period could overrepresent severe cases due to transient
healthcare strain. As such, larger multicenter prospective
cohort studies focused on the pathological mechanisms
of severe disease and the development of specific preven-
tion strategies for the vulnerable children with SARS-
CoV-2 infection.

The number of cases with persistent symptoms was
small in our one-year follow-up, the findings underscore
the importance of establishing structured pediatric post-
COVID surveillance programs to monitor long-term
sequelae, particularly neurological and respiratory com-
plications. Furthermore, our results highlight a poten-
tial need for accessible rehabilitation services tailored to
children recovering from severe COVID-19, focusing on
managing chronic cough, headache, and functional limi-
tations. Health policies should consider integrating these
elements into long-term pediatric care planning to miti-
gate the lasting impact of the pandemic on child health.

Although most children with SARS-CoV-2 infection
are asymptomatic or develop only mild disease, SARS-
CoV-2 infection can nevertheless cause severe disease in
children. Younger age, the presence of comorbidities, and
neurological manifestations are all independent risk fac-
tors of severe disease in children hospitalized with SARS-
CoV-2 infection. Further studies are therefore warranted
to explore the potential mechanisms underlying severe
disease to improve the management of children with
SARS-CoV-2 infection.

Abbreviations

a Confidence interval

ICU Intensive care unit

IQR Interquartile range

MIS-C Multisystemic inflammatory syndrome in children
OR Odds ratio

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2

SD Standard deviation
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