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Objective: This study aimed to analyze the differential expression patterns of serum cytokines across severity-stratified pediatric 
adenovirus pneumonia cases and evaluate their clinical utility as predictive biomarkers for disease severity.
Methods: This retrospective study included 88 pediatric adenovirus pneumonia cases and 54 healthy children between January 2021 
and December 2024. Cases were stratified by disease severity into mild (n = 59) and severe (n = 29) pneumonia groups. We collected 
baseline clinical characteristics and measured pretreatment levels of 12 serum cytokines. Comparative analyses of cytokine profiles 
were performed across different severity groups (mild and severe) and healthy controls. The diagnostic performance of these cytokines 
for severe pneumonia detection was evaluated using receiver operating characteristic (ROC) curve analysis, with particular focus on 
the area under the curve (AUC) values.
Results: Severe pneumonia cases exhibited a more pronounced clinical course, characterized by significantly longer hospitalization, 
fever duration, and cough persistence, a higher incidence of wheezing and tachypnea, and marked elevations in inflammatory markers 
(CRP, ESR, LDH, fibrinogen, D-dimer). Of the 12 cytokines elevated versus controls, only interleukin (IL)-6, IL-8, and IL-10 
exhibited statistically significant, severity-dependent increases (p < 0.05) and were correlated with longer hospitalization and persistent 
cough. ROC analysis revealed IL-6 and IL-10 as superior predictors for disease severity, with AUC reaching 0.88 (95% CI: 
0.83–0.94). At optimal cutoffs, IL-6 showed 93% sensitivity and 71% specificity, while IL-10 demonstrated 90% sensitivity and 
83% specificity. IL-8 showed moderate diagnostic value (AUC = 0.79, with 69% sensitivity and 83% specificity).
Conclusion: These findings demonstrate distinct cytokine expression patterns across varying severity levels of pediatric adenovirus 
pneumonia. The robust performance of IL-6 and IL-10 underscores their potential as biomarkers for early severity stratification in 
clinical practice.
Keywords: adenovirus pneumonia, serum cytokine, predictive biomarkers, children

Introduction
Human adenovirus, a non-enveloped double-stranded DNA virus, represents a predominant etiological agent of acute 
respiratory infections in the pediatric population, responsible for 5–10% of all childhood respiratory cases.1–3 As the 
most frequent indication for hospitalization following adenovirus infection, adenovirus pneumonia constitutes 
a substantial threat to pediatric health. Epidemiological surveillance data demonstrate that nearly 70% of hospitalized 
children with confirmed adenovirus infection receive a definitive diagnosis of adenovirus pneumonia.4,5 The initial 
clinical presentation of adenovirus pneumonia is often nonspecific, typically manifesting as fever and cough, with some 
patients developing wheezing and tachypnea. Although the disease exhibits some degree of self-limitation, its severity 
varies across populations, ranging from mild infection to severe or even fatal outcomes, depending on factors such as 
patient age, immune status, and the specific adenovirus serotype involved.6 Studies have revealed that approximately 
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one-third of adenovirus pneumonia cases may progress to severe pneumonia.7,8 Severe adenovirus pneumonia (SAP) is 
characterized by respiratory system involvement and multiple systemic complications, potentially leading to irreversible 
chronic pulmonary sequelae in children, including post-infectious bronchiolitis obliterans and bronchiectasis.9 The 
absence of targeted therapeutic interventions and effective preventive vaccines has resulted in severe disease burden 
from SAP, impacting both pediatric health and socioeconomic aspects, warranting urgent scientific and public health 
attention. Current understanding of the pathophysiological mechanisms underlying disease progression from mild to 
severe forms remains incomplete. This knowledge gap highlights the critical need for developing reliable predictive 
biomarkers that can facilitate early identification of disease progression and severity stratification during the acute 
phase. Current prognostic assessment primarily relies on conventional inflammatory markers such as C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), lactate dehydrogenase (LDH), and neutrophil-to-lymphocyte ratio 
(NLR).10,11 However, these parameters exhibit limited specificity and sensitivity in predicting disease progression, as 
they reflect general inflammation rather than the specific immune dysregulation underlying adenovirus pathogenesis.

Cellular immune dysfunction and inflammatory imbalance play crucial roles in the pathogenesis of adenovirus 
pneumonia.12 Adenovirus has been identified as a pro-inflammatory virus that triggers a cascade of host immune 
responses upon infection. The virus not only modulates immune cell functionality but also stimulates excessive 
production of inflammatory mediators, including cytokines and chemokines, resulting in systemic inflammation, tissue 
damage, and pathological inflammation.12,13 Excessive immune activation typically represents a primary pathogenic 
mechanism underlying systemic physiological dysregulation. This cytokine imbalance, often referred to as “cytokine 
storm”, has been directly associated with the development of acute lung injury during viral infections.14 

Immunocompetent patients may develop cytokine storm during adenovirus infection, with specific cytokine expression 
levels demonstrating significant correlations with disease severity and progression potential in adults.15 Furthermore, 
studies in pediatric populations have demonstrated that adenovirus infection upregulates a spectrum of pro-inflammatory 
cytokines in the airways. Among 13 cytokines analyzed, eight were significantly elevated, with interleukin (IL)-6 
showing the most pronounced increase.16 In particular, interleukins particularly IL-6, IL-8, and IL-10 have emerged as 
central mediators in the inflammatory cascade, with IL-6 driving acute phase responses, IL-8 orchestrating neutrophil 
recruitment, and IL-10 modulating immunoregulatory feedback.17 Their central functions make this triad ideal candidate 
biomarkers for predicting disease severity, and they have already been integrated into the diagnostic and prognostic 
assessment of several viral infections.18,19 Clinical evidence indicates that severe adenovirus infections are associated 
with substantial dysregulation of inflammatory cells and cytokine responses. Pediatric patients with adenovirus pneu
monia exhibit significantly elevated levels of IL-6, IL-10, and interferon (IFN)-γ corresponding to disease progression.17 

Importantly, serum IL-6 levels independently correlate with the risk of SAP, demonstrating a non-linear relationship.20 

The IL-6-based nomogram model has demonstrated excellent predictive performance, facilitating personalized therapeu
tic strategies for pediatric SAP.21 Furthermore, serum IL-13 and IL-17A have emerged as potential diagnostic biomarkers 
for SAP, demonstrating reliable predictive value for unfavorable outcomes in critical cases.22 Adenovirus-7 subtype 
infection is associated with severe cytokine storm and high viral load, which may represent the primary mechanism 
underlying poor prognosis in pediatric patients, and elevated serum levels of IL-5 and IL-9 demonstrate significant 
correlations with mortality outcomes.23 These studies suggest that cytokine profiling, as a rapid, minimally invasive, and 
clinically feasible detection method, holds significant promise for pediatric applications. However, current research 
focusing on pediatric populations remains insufficient, and its importance in predicting disease severity is not yet fully 
appreciated by physicians, particularly in primary care settings.

In clinical practice, the primary treatment for adenovirus pneumonia includes supportive care, antiviral therapy, and 
respiratory support. This comprehensive approach necessitates physicians to conduct thorough evaluations of clinical 
manifestations and laboratory findings to formulate appropriate therapeutic strategies. However, current targeted and 
approved antiviral therapies for pediatric adenovirus infections remain limited and controversial.24 Critically, early 
cytokine detection identifies a strategic window for immunomodulatory intervention before irreversible organ damage 
occurs. This timely diagnosis can guide the administration of targeted therapies—such as corticosteroids, intravenous 
immunoglobulin (IVIG), or monoclonal antibodies—which have demonstrated promising efficacy in improving clinical 
outcomes.25 Among patients with severe community-acquired pneumonia and high initial inflammatory response, short- 
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term methylprednisolone administration has been shown to reduce treatment failure.26 Monoclonal antibodies targeting 
specific inflammatory mediators, particularly TNF-α and IL-6, represent promising therapeutic strategies for managing 
cytokine release syndrome.25 In light of this, the identification and validation of reliable cytokine biomarkers specifically 
for pediatric adenovirus pneumonia could significantly advance precision medicine. Such biomarkers would enable 
improved risk stratification and guide targeted immunomodulatory therapy.

Building upon our team’s prior development of a predictive model for bronchiolitis obliterans following SAP,27 this 
study logically extends this line of research by shifting the focus to earlier disease stages, analyzing serum cytokine 
profiles across different severity groups in the pediatric population. We specifically aim to evaluate the predictive value 
of a multi-cytokine panel centered on IL-6, IL-8, and IL-10 for disease severity. To this end, we seek to establish 
a clinically actionable biomarker framework that enables early risk stratification and helps guide immunomodulatory 
interventions.

Materials and Methods
Study Participants
The retrospective study was carried out at a tertiary pediatric hospital in Zhejiang Province, China, from January 2021 to 
December 2024. The research protocol received ethical approval from the Institutional Review Board of Hangzhou 
Children’s Hospital (Approval No. 2024–27). In accordance with China’s “Ethical Review Measures for Biomedical 
Research Involving Human Subjects”, the requirement for informed consent was waived by the committee. This decision 
was based on the fully anonymized nature of the retrospective data, which ensured that no individual participants could 
be identified.

Inclusion Criteria: (1) Pediatric patients aged between 28 days and 14 years, regardless of gender; (2) The diagnosis 
of adenovirus pneumonia was confirmed based on the patient’s clinical manifestations, pulmonary imaging findings, and 
positive adenovirus detection through direct immunofluorescence assay (DFA) and/or polymerase chain reaction (PCR) 
testing, according to the Guideline for Diagnosis and Treatment of Adenovirus Pneumonia in Children (2019 Edition).28

Exclusion Criteria: (1) Co-infections with other pathogens, including but not limited to bacterial (eg, Streptococcus 
pneumoniae, Haemophilus influenzae), viral (eg, respiratory syncytial virus, influenza virus), or atypical pathogens (eg, 
Mycoplasma pneumoniae); (2) Presence of significant underlying chronic conditions, such as immunodeficiency dis
orders, severe malnutrition, or major hepatic or renal dysfunction; (3) Incomplete hospitalization records (eg, cases of 
voluntary discharge) rendering the data unsuitable for comprehensive analysis.

Furthermore, 54 healthy children (age- and gender-matched) who presented to the hospital for routine health 
checkups during the identical study period were included in the control healthy group.

Grouping Criteria of Severe Adenovirus Pneumonia
Severe pneumonia was diagnosed if a patient exhibited one or more of the following clinical features:29 (1) poor general 
condition; (2) refusal to feed or symptoms of dehydration; (3) altered mental status; (4) signs of hypoxemia such as 
cyanosis, dyspnea, tachypnea (respiratory rate >70/min in infants or >50/min in older children), or pulse oxygen 
saturation ≤92%; (5) hyperpyrexia or persistent high fever lasting more than 5 days; (6) imaging findings showing 
multilobar infiltration or involvement of ≥2/3 lung volume; (7) intrapulmonary complications included pleural effusion, 
pneumothorax, atelectasis, pulmonary necrosis, lung abscess, and pulmonary embolism; (8) extrapulmonary 
complications.

Serum Cytokine Analysis
Peripheral venous blood samples (4 mL) were collected and centrifuged at 3500 rpm for 15 minutes (centrifugal radius: 
15 cm). The obtained serum was aliquoted and stored at −80°C until analysis. Serum concentrations of IL-1β, IL-2, IL-4, 
IL-5, IL-6, IL-8, IL-10, IL-12P70, IL-17, IFN-α, IFN-γ and TNF-α were quantified using a 12-Plex Cytokine Detection 
Kit (Raisecare Biotechnology Co., Ltd, Qingdao, China) through multiplex bead-based flow cytometric immunofluores
cence assay. All acute-phase specimens were collected within 24 hours of hospital admission, with sample collection and 
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processing strictly following the manufacturer’s protocol. All experimental procedures were performed by certified 
laboratory technicians.

Comprehensive Pathogen Screening
Within 24 hours after admission, nasopharyngeal aspiration was performed for all participants to obtain samples of 
nasopharyngeal secretions and sputum. A range of common respiratory pathogens—such as adenovirus, influenza 
A virus, influenza B virus, human parainfluenza virus, respiratory syncytial virus, rhinovirus, bocavirus, metapneumo
virus, coronavirus, Mycoplasma pneumoniae (MP), and Chlamydia, were detected by DFA and/or PCR (Applied 
Biological Technologies Co., Ltd., Beijing, China). Bacterial co-infections were assessed through sputum culture, 
bronchoalveolar lavage fluid culture, or blood culture. Patients testing positive for any bacterial, viral, or atypical 
pathogen co-infections were subsequently excluded from the study.

Clinical Data Collection
Comprehensive baseline clinical information for all participants was systematically retrieved from the hospital’s 
electronic medical record system. Data collection encompassed a range of variables, including demographic profiles 
(sex and age), history of preterm birth, prior medical conditions, length of hospital stay, clinical symptoms and signs, 
laboratory test results, radiographic features of the lungs, as well as treatment strategies administered during care.

Statistical Analysis
All statistical analyses were performed using R statistical software (version 4.2.2), and graphical visualizations were 
created with GraphPad Prism (version 9.0). The normality of all variables was assessed using the Shapiro–Wilk test. 
Continuous data with normal distribution were expressed as mean ± standard deviation (SD), whereas non-normally 
distributed variables were summarized as median and interquartile range (P25-P75). Parametric between-group compar
isons were analyzed using Student’s t-test, while non-parametric comparisons were evaluated through Mann–Whitney 
U-test or Kruskal–Wallis H-test, as appropriate. Categorical data were summarized as frequency counts and percentages, 
and group differences were assessed using the χ2-test or, where appropriate, Fisher’s exact test. Correlation analyses were 
conducted using Spearman’s rank correlation method. The diagnostic utility of serum cytokines for distinguishing disease 
severity was evaluated by generating receiver operating characteristic (ROC) curves. From these curves, the area under 
the curve (AUC), optimal cutoff values, along with their associated sensitivity and specificity, were determined. 
Statistical significance was defined as a p-value less than 0.05.

Reporting Guidelines
The reporting of this study follows the RECORD (Reporting of studies Conducted using Observational Routinely- 
collected Data) guideline.

Results
Demographic and Clinical Characteristics of the Study Population
A total of 88 pediatric patients meeting the inclusion criteria were enrolled in this study, with a median age of 51 months 
(interquartile range: 37–77.8 months) and a balanced gender distribution (45 males and 43 females). Based on disease 
severity stratification criteria, patients were categorized into mild (n = 59) and severe (n = 29) pneumonia groups. 
Comparative analysis of demographic and clinical characteristics revealed no significant differences in age, sex, and 
prematurity history between different severity groups (p > 0.05, Table 1). Patients in the severe pneumonia group 
demonstrated significantly prolonged hospitalization duration (8d vs 4d, p < 0.001), extended fever duration (7d vs 5d, 
p < 0.001), and persistent cough days (11d vs 7d, p < 0.001) compared to the mild group (Table 1). Clinical 
manifestations including wheezing and tachypnoea were more prevalent in severe cases (20.7% vs 1.7%, p = 0.007). 
Laboratory analyses indicated significant elevation of systemic inflammatory markers in severe pneumonia patients, with 
notably higher levels of C-reactive protein (CRP) (29.2 vs 15.0, p = 0.005), erythrocyte sedimentation rate (ESR) (35.0 
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vs 22.0, p = 0.001), lactate dehydrogenase (LDH) (458.0 vs 300.0, p < 0.001), fibrinogen (Fib) (3.9 vs 3.5, p = 0.049), 
and D-dimer (0.5 vs 0.3, p = 0.015). Intrapulmonary complications were observed in 55.2% (16/29) of severe cases, 
predominantly presenting as pulmonary consolidation (n = 11), followed by atelectasis (n = 2), pleural effusion (n = 2), 
and plastic bronchitis (n = 1), which was significantly higher than that in the mild group (55.2% vs 1.7%, p < 0.001). 
Therapeutic interventions, including corticosteroid administration, intravenous immunoglobulin, bronchoscopy interven
tion, and oxygen support, were significantly more frequent in the severe group compared to mild cases (all p < 0.05). No 
mortality was recorded. During follow-up, eight children in the severe group developed post-infection bronchiolitis 
obliterans (PIBO), which was characterized by recurrent cough, wheezing, exercise intolerance, and a need for repeated 
hospitalizations.

Serum Cytokine Analysis
To investigate cytokine dysregulation across disease severity, a cohort of 54 age- and gender-matched healthy controls 
undergoing routine health examinations was included for comparative analysis. No significant demographic differences 
were observed among the three groups (mild, severe, and healthy controls). However, substantial variations in cytokine 
profiles were identified (Table 2 and Figure 1). Patients with adenovirus pneumonia (both mild and severe) demonstrated 

Table 1 Demographic Characteristics and Clinical Presentation of Pediatric Patients with 
Adenovirus Pneumonia (N = 88)

Clinical Features Mild (n = 59) Severe (n = 29) p-value

Gender, male/female 29/30 16/13 0.595

Age (months), mean ± SD 59.87±32.74 55.63±29.61 0.558

Premature birth, n (%) 3 (5.1) 3(10.3) 0.638
Hospital days, M (P25, P75) 4.0 (3.0, 5.0) 8.0 (7.0, 9.8) <0.001

Duration of fever (days), M (P25, P75) 5.0 (4.0, 6.0) 7.0 (4.3, 8.8) <0.001

Duration of cough (days), M (P25, P75) 7.0 (5.0, 9.0) 11.0 (9.0, 17.0) <0.001
Wheezing, n (%) 1 (1.7) 6 (20.7) 0.007

Tachypnoea, n (%) 1 (1.7) 8 (27.6) 0.001
White blood cells (× 109/L), M (P25, P75) 10.8 (8.1, 14.8) 13.6 (7.9, 16.3) 0.429

Neutrophil proportion (%), M (P25, P75) 70.9 (59.0, 77.4) 63.2 (56.3, 75.2) 0.196

Lymphocytes proportion (%), M (P25, P75) 19.6 (13.0, 26.9) 24.9(17.0, 32.1) 0.118
Hemoglobin (g/L), mean ± SD 121.9 ± 9.7 122.5 ± 10.6 0.791

PLT (× 109/L), mean ± SD 274.4 ± 77.2 273.4 ± 89.6 0.959

CRP (mg/L), M (P25, P75) 15.0 (6.1, 36.4) 29.2(17.2, 72.8) 0.005
ESR (mm/h), M (P25, P75) 22.0 (12.0, 33.0) 35.0 (24.0, 51.5) 0.001

PCT (ng/mL), M (P25, P75) 0.2 (0.1, 0.3) 0.3 (0.1, 0.8) 0.254

ALT (U/L), M (P25, P75) 13.0 (10.0, 16.0) 13.0 (11.0, 17.0) 0.533
AST (U/L), M (P25, P75) 30.0 (26.0, 36.0) 31.0 (26.0, 34.5) 0.852

Albuminous protein (g/L), M (P25, P75) 40.4 (38.4, 42.0) 40.2 (37.3, 43.0) 0.873

LDH (U/L), M (P25, P75) 300.0 (274.0, 375.0) 458.0 (391.0, 510.0) <0.001
CKMB (U/L), M (P25, P75) 23.0 (18.0, 34.0) 23.0 (20.0, 33.0) 0.786

Fib (g/L), M (P25, P75) 3.5 (3.0, 4.2) 3.9 (3.5, 4.5) 0.049

D-dimer (mg/L), M (P25, P75) 0.3 (0.3, 0.4) 0.5 (0.3, 0.9) 0.015
Intrapulmonary complications, n (%) 1(1.7) 16 (55.2) <0.001

Corticosteroid administration, n (%) 4 (6.8) 19 (65.5) <0.001

Intravenous immunoglobulin therapy, n (%) 0 (0) 9 (31.0) <0.001
Bronchoscopy intervention, n (%) 0 (0) 7 (24.1) <0.001

Oxygen support, n (%) 1 (1.7) 8 (27.6) <0.001

Notes: Baseline characteristics were collected for all pediatric participants within 24 hours of hospital admission prior to 
any therapeutic intervention. Intrapulmonary complications included pleural effusion, pneumothorax, atelectasis, pul
monary necrosis, lung abscess, and pulmonary embolism. 
Abbreviations: PLT, platelets; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CKMB, creatine kinase-MB.
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significantly elevated serum concentrations of IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12P70, IL-17, IFN-α, IFN-γ 
and TNF-α compared to healthy controls. Interestingly, only IL-6 (86.34 vs 34.37, p = 0.021), IL-8 (14.15 vs 1.71, p = 
0.004), and IL-10 (19.20 vs 9.21, p = 0.014) levels were significantly elevated in the severe pneumonia group compared 
to the mild pneumonia group. Furthermore, correlation analyses revealed significant positive associations between IL-6 
and hospitalization duration (R=0.32, p = 0.002), while IL-8 and IL-10 showed positive correlations with cough duration 
and hospitalization length, respectively (R=0.32–0.40, all p < 0.05) (Figure 2).

Predictive Performance of Serum Cytokine Profiles in Severe Adenovirus Pneumonia 
Detection
ROC curve analysis was performed to evaluate the diagnostic potential of IL-6, IL-8, and IL-10 in distinguishing severe 
pediatric adenovirus pneumonia (Table 3 and Figure 3). IL-6 demonstrated superior discriminative capacity with an AUC 
of 0.88 at an optimal cutoff of 25.99 pg/mL, achieving 93% sensitivity and 71% specificity. IL-10 exhibited comparable 
diagnostic accuracy (AUC = 0.88) at a cutoff value of 13.06 pg/mL, with sensitivity and specificity rates of 90% and 
83%, respectively. IL-8 showed moderate diagnostic performance (AUC = 0.79), with sensitivity of 69%, and specificity 
of 83%. Comprehensive diagnostic parameters, including positive predictive value (PPV), negative predictive value 
(NPV), positive likelihood ratio (PLR) and negative likelihood ratio (NLR), were calculated for each biomarker to further 
characterize their clinical utility.

Discussion
Severe adenovirus pneumonia represents a significant pediatric health burden due to the lack of targeted therapies and 
preventive vaccines. The imbalanced inflammatory response may be a key mechanism causing tissue damage in severe 
cases.12 Notably, cytokine expression levels may be strongly correlated with disease severity, highlighting their potential 
utility for early identification, disease prognosis, and clinical intervention. Nevertheless, current research in pediatric 
populations remains limited. In this study, we systematically compared inflammatory factor profiles, with a focus on 
cytokines, across children with adenovirus pneumonia of differing severities and against a healthy control group to 
evaluate their predictive potential for disease severity. Our findings revealed that severe cases presented with significantly 
elevated levels of routine inflammatory markers (including CRP, ESR, LDH, and D-dimer) and distinct cytokine profiles. 
Critically, however, only IL-6, IL-8, and IL-10 levels were specifically associated with severe cases, positively 

Table 2 Comparative Analysis of Serum Cytokine Profiles Between Pediatric Patients with Adenovirus Pneumonia and Healthy 
Controls

Serum Cytokine Mild  
(n = 59)

Severe  
(n = 29)

Healthy  
(n = 54)

Mild vs 
Severe

Mild vs 
Healthy

Severe vs 
Healthy

p-value

IL-1β (pg/mL) 3.58 (0.82, 9.84) 4.69 (1.17.8.68) 0.16 (0, 0.73) 1.0 <0.001 <0.001 <0.001

IL-2 (pg/mL) 1.24 (0.86, 2.25) 1.42 (0.91, 2.13) 0.78 (0.72, 0.85) 1.0 <0.001 <0.001 <0.001
IL-4 (pg/mL) 1.05 (0.42, 1.51) 1.34 (0.55, 2.25) 0.41 (0.37, 0.45) 0.876 <0.001 <0.001 <0.001

IL-5 (pg/mL) 1.65 (1, 3.01) 2.37 (1.16, 5.32) 0.89 (0.75, 1.03) 1.0 <0.001 <0.001 <0.001

IL-6 (pg/mL) 34.37 (12.47, 66.61) 86.34 (47.18, 124.09) 0.80 (0.65, 1.56) 0.021 <0.001 <0.001 <0.001
IL-8 (pg/mL) 1.71 (0, 15.62) 14.15 (2.56, 38.01) 0 (0, 0) 0.004 <0.001 <0.001 <0.001

IL-10 (pg/mL) 9.21 (4.65, 16.61) 19.20 (14.98, 27.66) 1.21 (0.97, 1.66) 0.014 <0.001 <0.001 <0.001
IL-12P70 (pg/mL) 0.90 (0.57, 1.62) 1.41 (0.53, 1.74) 0.50 (0.47, 0.54) 1.0 <0.001 <0.001 <0.001

IL-17 (pg/mL) 2.98 (1.24, 8.03) 4.93 (2.25, 9.76) 1.02 (0.80, 1.38) 0.252 <0.001 <0.001 <0.001

IFN-α (pg/mL) 3.82 (1.45, 7.55) 2.23 (1.21, 3.73) 0.33 (0.29, 0.37) 1.0 <0.001 <0.001 <0.001
IFN-γ (pg/mL) 53.22 (20.02, 92.90) 100.79 (32.69, 205.05) 0.96 (0.35, 2.52) 0.314 <0.001 <0.001 <0.001

TNF-α (pg/mL) 2.28 (0.06, 5.75) 1.96 (0.28, 4.26) 0 (0, 0.03) 1.0 <0.001 <0.001 <0.001

Notes: All data were collected for all pediatric participants within 24 hours of hospital admission prior to any therapeutic intervention. All data were presented as median 
(P25, P75) depending on data distribution. Between-group comparisons were analyzed using the Kruskal–Wallis test with Dunn’s post hoc correction for multiple 
comparisons. 
Abbreviations: IL, interleukin; IFN, interferon; TNF, tumor necrosis factor.
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correlating with the duration of hospitalization and cough. ROC curve analysis further confirmed the superior discrimi
native power of these cytokines in identifying severe cases (AUC > 0.75).

Our findings indicate that children with SAP exhibited significantly prolonged hospitalization, fever duration, and 
cough persistence, along with increased wheezing incidence and tachypnea. These clinical features are consistent with 
established epidemiological patterns.7,11,30 Laboratory analysis revealed markedly elevated inflammatory markers (CRP, 
ESR, LDH, FiB, D-dimer) in severe cases, with LDH showing the most prominent increase. These findings align with 
prior research.11 Notably, SAP in children frequently manifests with pronounced clinical symptoms and high complica
tion rates, highlighting the prognostic value of CRP, LDH and D-dimer in severity assessment.10,31,32 LDH, a key cellular 
metabolic enzyme, exhibits high sensitivity to tissue damage. Current evidence revealed that elevated LDH levels could 

Figure 1 Serum cytokine levels in pediatric patients with mild adenovirus pneumonia (n=59), severe adenovirus pneumonia (n=29), and healthy controls (n=54). Statistical 
comparisons were performed using the Kruskal–Wallis test with Dunn’s post hoc correction for multiple comparisons. Significance levels are denoted as ns (not significant), 
*p < 0.05, **p < 0.01, ****p < 0.0001. 
Abbreviations: IL, interleukin; IFN, interferon; TNF, tumor necrosis factor.

Figure 2 Correlation analysis of some key cytokines with clinical parameters. Scatter plots demonstrate the association between serum IL-6, IL-8, and IL-10 levels with the 
duration of hospitalization and cough persistence. Correlation coefficients were evaluated using Spearman’s rank correlation analysis.
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serve as a valuable biomarker for differentiating adenovirus pneumonia from bacterial pneumonia,33 and a meta-analysis 
demonstrated that pretreatment LDH elevation might be associated with disease severity, development of PIBO, and 
increased risk of mortality.34 The disease progression also triggers coagulation and fibrinolysis system dysregulation. 
D-dimer, a fibrin degradation product, has been observed initial elevation during early viral infection followed by 
exponential rise in severe cases.35 However, these inflammatory markers reflect general inflammatory state rather than 
the specific immune dysregulation in adenovirus pathophysiology, our study shifts its focus to cytokines.

Our study revealed a strikingly altered cytokine profile in children with adenovirus pneumonia compared to healthy 
controls. However, only the levels of IL-6, IL-8, and IL-10 were specifically and critically associated with severe disease. 
These three cytokines demonstrated significant positive correlations with both the duration of hospitalization and the 
length of cough, establishing them as valuable discriminators for SAP. As a proinflammatory virus, adenovirus infection 
triggers excessive release of inflammatory cytokines and chemokines in pediatric patients. Studies have found that the 
levels of IL-6, IL-10, IL-8, and IFN-γ in patients with adenovirus pneumonia were significantly elevated with the severity 
of the disease.17 These findings highlight the clinical importance of monitoring dynamic changes in these cytokines, as 
they may serve as early predictors of disease severity and objective indicators for timely clinical intervention.

IL-6, primarily secreted by activated immune cells (eg, monocyte-derived macrophages, T cells), vascular endothelial 
cells, fibroblasts, and other cell types, is a key pro-inflammatory cytokine released during infection or tissue injury. It 

Table 3 Diagnostic Accuracy of Serum IL-6, IL-8, and IL-10 as Biomarkers for Discriminating Severe Pediatric 
Adenovirus Pneumonia

Cutoff AUC (95% CI) Sensitivity Specificity PPV NPV PLR NLR KAPPA p-value

IL-6 25.99 0.88 (0.83–0.94) 0.93 0.71 0.45 0.97 3.19 0.10 0.46 <0.001

IL-8 8.15 0.79 (0.70–0.88) 0.69 0.83 0.51 0.91 4.10 0.37 0.46 <0.001

IL-10 13.06 0.88 (0.83–0.94) 0.90 0.83 0.58 0.97 5.33 0.12 0.60 <0.001

Note: The units of these three cytokines are pg/mL. 
Abbreviations: AUC, area under curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PLR, positive 
likelihood ratio; NLR, negative likelihood ratio; IL, interleukin.

Figure 3 Diagnostic performance of serum cytokines for discriminating severe pediatric adenovirus pneumonia. Receiver operating characteristic (ROC) curves illustrate 
the predictive capacity of IL-6, IL-8, and IL-10. The area under the curve (AUC), optimal cutoff value, sensitivity, and specificity for each cytokine are presented in Table 3.
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exhibits a dual role in immune regulation—while essential for host defense mechanisms, its dysregulation can exacerbate 
inflammatory responses, leading to immune imbalance and disease progression.36 IL-6 serves as a key biomarker in 
cytokine storm syndromes.37 Under normal physiological conditions, serum IL-6 levels remain low, but its elevation is 
strongly associated with pulmonary inflammation, and may mediate virus-induced immune lung injury.38 In certain viral 
infections, circulating levels of IL-6 and IL-10 may serve as promising biomarkers for predicting disease severity and 
mortality.39 In pediatric lower respiratory infections, elevated IL-6 levels were associated with hospitalization, antibiotic 
use, and prolonged treatment duration, and cytokine levels declined earlier than those of PCT or CRP, suggesting a more 
dynamic response.40 Among common viral pathogens, adenovirus could induce significantly higher serum IL-6 levels 
compared to respiratory syncytial virus (RSV).41 Notably, IL-6 has been identified as an independent risk factor for SAP 
in children, underscoring its decisive role in the adenovirus-induced inflammatory storm and its association with poorer 
clinical outcomes.20,42 Our study found that IL-6 demonstrates a superior discriminatory ability for predicting SAP (AUC 
= 0.88, sensitivity 0.93, specificity 0.71), compared to its performance in identifying severe RSV pneumonia (AUC = 
0.72, sensitivity 75%, specificity 67%).43 These results suggest that IL-6 can serve as an early warning indicator for 
severe disease in pediatric adenovirus pneumonia.

IL-10 is a critical anti-inflammatory cytokine secreted by immune cells (such as T cells, B cells, macrophages, etc)., 
which plays a central role in modulating and terminating inflammatory response.44 However, IL-10 exhibits marked 
functional pleiotropy, capable of eliciting diverse and sometimes seemingly contradictory biological effects. For instance, 
while primarily anti-inflammatory, IL-10 can paradoxically enhance the inflammatory activity of activated CD8+ T cells 
and promote the production of certain pro-inflammatory cytokines.45 Clinical studies have demonstrated significant 
variations in IL-10 levels between patients with mild and SAP, showing a progressive decline with disease severity and 
subsequent stabilization during recovery.17 Notably, IL-10 levels were strongly associated with the development of 
hypoxemia in patients infected with adenovirus-55.46 The elevated IL-10 observed in SAP cases may reflect viral 
immune evasion strategies, including immune suppression and tolerance mechanisms.47 In this study, IL-10 demonstrated 
strong predictive value for disease severity. At an optimal cutoff value of 13.06 pg/mL, IL-10 yielded an AUC of 0.88, 
with high sensitivity (0.90) and specificity (0.83), indicating its robust diagnostic potential.

IL-8, a chemotactic factor secreted by immune cells or tissue cells (also known as a neutrophil chemoattractant), is 
produced by epithelial cells in response to human adenovirus infection.48 Research has demonstrated that IL-8 possesses 
prognostic capability in certain viral infections, as exemplified by severe RSV.43 In patients with adenovirus pneumonia, 
elevated levels of IL-8—along with IL-6 and IL-10—were observed compared to non-adenoviral pneumonia cases, 
suggesting more pronounced cytokine-mediated inflammatory activity, but the increase in IL-8 was less marked than that 
of IL-6 and IL-10, and it did not demonstrate significant predictive value for disease severity.46 Our findings are 
consistent with these observations, demonstrating that IL-8 has a lower predictive value (AUC = 0.79) for severe disease 
progression compared to IL-6 and IL-10. Nevertheless, some researchers propose that IL-8 could serve as a viable 
alternative biomarker for pediatric adenovirus infection, given its stability and measurable levels in both serum and 
nasopharyngeal swab specimens.6

Consequently, the serum cytokine profile holds promise as an important objective tool for diagnosing and managing 
pediatric adenovirus pneumonia. Among these cytokines, IL-6 emerges as the most promising biomarker for predicting 
severe disease, thereby enabling earlier clinical intervention. Integrating cytokine assays with traditional, widely 
available markers could add substantial value to pediatric clinical practice, given their unique advantage in the early 
discrimination of severity and prediction of disease progression.

This study has several limitations that should be acknowledged. Firstly, its single-center, retrospective design and 
relatively small sample size may limit the generalizability of the findings. Secondly, due to the ethical and practical 
challenges of obtaining blood samples from children, particularly during the recovery phase of mild pneumonia, our 
collection of convalescent sera was limited. Thirdly, the clinical relationship between cytokine dynamics and T-cell 
immune responses requires further longitudinal observation and mechanistic investigation. Future research should 
include longitudinal monitoring of cytokine profiles and multi-center, prospective studies with larger sample sizes to 
validate our findings and elucidate the underlying immunopathological mechanisms.
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Conclusions
In conclusion, our study reveals distinct inflammatory signatures characterized by severity-dependent cytokine profiles in 
pediatric adenovirus pneumonia. The robust performance of IL-6 and IL-10 as predictive biomarkers (AUC=0.88 for 
both) highlights their clinical utility for early severity stratification. These findings support incorporating cytokine 
monitoring with conventional inflammatory markers to improve risk assessment and guide timely clinical interventions 
in pediatric pneumonia management. To further validate these findings, future multicenter studies should incorporate 
larger patient cohorts, extended longitudinal follow-up, and comprehensive multifactorial analyses to better characterize 
the dynamic interplay between cytokine responses and disease progression.
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