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Objective

This study aimed to evaluate the real-world clinical efficacy and safety of cefepime in treating pediatric community-acquired pneumonia (CAP), comparing it with other broad-spectrum antibiotics, including cefoperazone-sulbactam and meropenem, using a propensity score-matched design.





Methods

A retrospective, propensity score-matched cohort study was conducted in pediatric patients (0–18 years) hospitalized with CAP. Patients treated with cefepime were compared to those treated with cefoperazone-sulbactam or meropenem. Clinical outcomes, microbiological clearance, and adverse events were assessed, and propensity score matching was applied to minimize confounding.





Results

A total of 788 patients were included, with 720 in the cefepime group and 68 in the comparator group. Both groups showed comparable clinical efficacy, with no significant differences in symptom resolution, laboratory normalization, or radiographic improvement. Microbiological clearance rates were also similar between the groups. The incidence of adverse events was low in both groups, and no statistically significant difference in adverse events was observed between cefepime and the comparator group.





Conclusion

Our results suggest that cefepime is a clinically effective and well-tolerated alternative to other broad-spectrum antibiotics for pediatric CAP, demonstrating comparable clinical outcomes and safety profiles. These findings support cefepime as a viable empiric therapy option, particularly in settings with limited microbiological diagnostics. Further studies are needed to confirm these results and optimize dosing strategies for pediatric populations.
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1 Introduction

Pneumonia is one of the major acute respiratory infections worldwide and is the most common single cause of death in children under five; this trend is particularly observed in low- and middle-income countries (Rudan et al., 2008; McAllister et al., 2019). According to the World Health Organization (WHO), pneumonia accounts for nearly 15% of all deaths in children under five years old globally (Rahman et al., 2021; Zhou et al., 2022). In CAP burden pediatric community-acquired China has been increasing steadily over several years, with great adverse effects on health care supply, necessitating promptly improving treatment plans (Zhang et al., 2013; Qian et al., 2024).

The 2019 Global Burden of Disease (GBD) study showed that pneumonia had a bimodal age distribution; the peaks were in children younger than five and adults older than seventy (Collaborators, 2017). This has also been seen in other large national studies within China. In urban areas, the incidence of CAP was reported as 7.13 per 1,000 person-years, with children being particularly at risk because their immune systems are not fully developed (Sun et al., 2020). These immunological deficits make pediatric patients susceptible to both typical and atypical pathogens, and this will further complicate diagnoses, increasing the need for prompt empirical treatment (Cao et al., 2023; Chen et al., 2024). As a result, pediatric CAP often advances rapidly, very frequently needing hospitalization and long-term care (Goodman et al., 2019).

Etiological studies conducted across mainland China have identified common causative bacterial pathogens in children with CAP, including Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, and Enterobacter cloacae (Ning et al., 2017; Fu et al., 2021). International and Chinese clinical guidelines consistently recommend early initiation of empirical antimicrobial therapy, typically involving β-lactams and macrolides, to ensure adequate coverage of both Gram-positive and Gram-negative bacteria (Bradley and Arrieta, 2001; File and Niederman, 2004).

Of the β-lactams, cefepime—a fourth-generation cephalosporin—has shown good activity against many pathogens typically associated with pneumonia. It was approved in the early 1990s for the treatment of pneumonia and other serious infections and is now recommended by several guidelines for the management of hospital-acquired pneumonia (HAP) (Erb et al., 2016; Torres et al., 2017). While cefepime has been used extensively in the treatment of adult CAP, its clinical efficacy and safety profile in pediatric populations with CAP are not well documented, especially in real-world settings. This lack of information is worrisome, especially considering that rates of antimicrobial resistance are climbing coincidentally with broader-spectrum antibiotic use in this pediatric population.

Recent surveillance data suggest that inadequate antibiotic stewardship has led to a growing resistance among Gram-negative pathogens in children with pneumonia, further complicating empirical treatment decisions (Mai et al., 2023; Shi et al., 2023). Cefepime has been considered a potential option due to its robust antibacterial spectrum and favorable pharmacokinetic properties, including excellent tissue penetration and stability against most β-lactamases. However, concerns regarding its neurotoxicity, especially in vulnerable populations like children, call for cautious and evidence-based clinical application (Li et al., 2019).

To address these gaps, this study retrospectively evaluates the real-world efficacy, safety, and microbial clearance outcomes of cefepime in the treatment of pediatric CAP. Using a propensity score-matched (PSM) design, we compare cefepime with other broad-spectrum regimens—namely, cefoperazone-sulbactam and meropenem—in hospitalized children. These findings aim to inform clinical drug selection and pediatric antimicrobial stewardship, providing context-specific insights for managing CAP in high-resistance settings such as China.




2 Methods



2.1 Study design and data source

This single-center, retrospective, propensity score-matched (PSM) cohort study was conducted at The First Hospital of Jilin University, Lequn Branch, covering admissions from January 1, 2023, to December 31, 2023. Patient-level data were retrieved from the hospital’s Health Information System (HIS), including demographics (age, gender), clinical diagnoses, medication orders (drug name, dosage, frequency, duration), and laboratory results [white blood cell count (WBC), neutrophil percentage (NE%), procalcitonin (PCT), and C-reactive protein (CRP)] (Bradley et al., 2011; Florin et al., 2020).

All relevant data were extracted into a structured case report form (CRF) developed to ensure consistency in data collection and endpoint classification. Ethical approval was obtained from the Ethics Committee of The First Hospital of Jilin University (Approval No. 2024-1030). Given the retrospective nature of the study and anonymization of patient data, the requirement for informed consent was waived.




2.2 Patient selection and group assignment

Eligible patients were hospitalized children (aged 0–18 years) diagnosed with CAP, defined as a lower respiratory tract infection acquired outside healthcare settings. Inclusion criteria required receipt of cefepime or cefoperazone-sulbactam/meropenem for ≥72 hours. Patients were excluded if they: (1) lacked a confirmed diagnosis of CAP; (2) received antibiotics for <72 hours; (3) were treated with multiple antimicrobial agents simultaneously for >72 hours; or (4) had severe comorbidities (e.g., cardiac, neurological, or gastrointestinal disorders).

Severe comorbidities were defined as the presence of any of the following: (1) congenital heart disease requiring surgery or heart failure with reduced ejection fraction (EF < 40%) or NYHA class III–IV; (2) epilepsy requiring long-term therapy or ≥2 seizures within 6 months, or cerebral palsy with significant functional limitation; (3) active inflammatory bowel disease requiring immunosuppressive treatment; (4) primary immunodeficiency or chronic immunosuppressive therapy (e.g., corticosteroids ≥20 mg/day for ≥4 weeks). These were determined through comprehensive review of electronic medical records, including diagnostic codes, laboratory values, imaging findings, and medication records.

A detailed patient selection process is illustrated in Figure 1.
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Figure 1 | Flowchart illustrating the selection process of the study population.



Patients receiving cefepime constituted the intervention group, while those treated with cefoperazone-sulbactam or meropenem formed the comparator group. To reduce confounding bias and enhance comparability between groups, PSM was performed based on baseline characteristics (Liang et al., 2021).




2.3 Outcome definitions

The primary and secondary outcomes of the study included clinical efficacy, microbiological clearance, and the incidence of adverse drug reactions (ADRs). Clinical efficacy was assessed in accordance with the Guidance for Clinical Trials of Anti-bacterial Drugs (Drugs, 2014). Patients were classified as “cured” if they demonstrated complete resolution of clinical signs and symptoms—such as fever, cough, and respiratory distress—alongside normalization of infection-related laboratory parameters, including white blood cell count (WBC), neutrophil percentage (NE%), procalcitonin (PCT), and C-reactive protein (CRP). Radiological improvement based on chest imaging was also required for this classification. An “improvement” classification was assigned to patients who exhibited partial clinical and laboratory recovery but had persistent abnormalities in one or more parameters. Cure and improvement status were assessed based on the patient’s full course of hospitalization and not limited to a fixed timepoint. Cases were deemed “ineffective” if there was no significant clinical improvement or if the patient’s condition deteriorated after 72 hours of antibiotic therapy.

Microbiological clearance was evaluated through culture results of respiratory and blood specimens obtained before and after treatment. Clearance was defined as the eradication of the causative pathogen from the site of infection as evidenced by negative culture findings. Microbiological clearance was defined by a single negative post-treatment culture where available, in line with typical clinical documentation practices. In the absence of follow-up cultures, presumed clearance was inferred from documented clinical resolution. Repeat cultures were not systematically obtained unless clinically indicated, consistent with routine pediatric management. Presumed clearance was applied in cases where clinical cure was achieved but post-treatment culture was unavailable, either due to resolution of symptoms or the infeasibility of invasive sampling. Non-clearance referred to the persistence of the original pathogen in follow-up cultures, while presumed non-clearance denoted clinical failure in the absence of repeat microbiological testing.

The evaluation of ADRs was independently conducted by two investigators who reviewed medical records for descriptions of potential drug-related events using predefined criteria. The causality of each ADR was assessed and classified as “certain,” “probable,” or “possible” based on established pharmacovigilance frameworks, and only those events falling within these categories were included in the safety analysis. The severity of ADRs was graded according to the Common Terminology Criteria for Adverse Events (CTCAE), version 5.0 (Varona et al., 2023). Discrepancies in ADR assessment between the two reviewers were resolved through discussion to reach consensus. While blinded adjudication was not feasible due to the retrospective nature of the study, the use of independent dual-review and predefined attribution criteria helped minimize potential bias and enhance the objectivity of causality assessment.




2.4 Statistical analysis

Data were pre-processed using Microsoft Excel and analyzed with IBM SPSS 26.0. Continuous variables were expressed as mean ± standard deviation (SD) or median with interquartile range (IQR) as appropriate. Normality of continuous variables was assessed using the Shapiro–Wilk test. Independent-sample t-tests were used when data were normally distributed; otherwise, Wilcoxon rank-sum tests were applied. Between-group comparisons were made using independent-sample t-tests or Wilcoxon rank-sum tests. Categorical variables were compared using Chi-square or Fisher’s exact tests. A two-sided P value < 0.05 was considered statistically significant.

To control for potential confounding, PSM was performed using nearest-neighbor matching with a caliper width of 0.2 and a 1:2 matching ratio (intervention: control). Matching was based on demographic and baseline clinical variables (age, gender, symptom profile, laboratory results, and imaging findings). Covariate balance post-matching was assessed via standardized mean differences (SMDs) and multivariate imbalance measure L1 (Iacus et al., 2009, 2012). Due to the limited size of the comparator group (n = 68), a 1:2 nearest-neighbor matching with a caliper width of 0.2 was applied to optimize covariate balance while retaining statistical power. Some cefepime-treated patients could not be matched due to substantial baseline differences in age, symptom severity, laboratory abnormalities, and radiographic findings. As a result, only 135 cefepime patients were retained in the matched cohort. Despite this reduction, post-matching diagnostics (e.g., SMD < 0.1 and L1 statistics) demonstrated strong covariate balance, and key outcome measures remained consistent between groups. Although the reduced matched sample may limit the power for subgroup analyses, the primary objective of evaluating the non-inferiority of cefepime was preserved.

Missing data were handled using complete case analysis. Patients with incomplete baseline variables necessary for matching or outcome determination were excluded from the final analytic dataset. No imputation methods were used.

While unmatched cohort data were presented to demonstrate baseline imbalances and offer transparency, all outcome comparisons and conclusions were derived from the PSM population.

To account for multiple comparisons across five key secondary outcomes, clinical response, laboratory normalization, radiographic improvement, microbiological clearance, and adverse events, a Bonferroni correction was applied. The corrected significance threshold was set at P < 0.01 to control the family-wise error rate.





3 Results



3.1 Baseline characteristics

Out of 788 pediatric patients diagnosed with CAP, a total of 135 cefepime-treated patients and 68 patients treated with either cefoperazone-sulbactam or meropenem were successfully matched using a 1:2 PSM approach. Matching variables included age, gender, symptom profile, laboratory indicators, and radiographic findings.

After matching, baseline characteristics were well balanced between groups. The mean age was 6.09 ± 3.06 years in the cefepime group and 6.44 ± 3.16 years in the comparator group, with no significant difference (P = 0.582). Age was used as a continuous covariate in the matching process to avoid information loss and residual confounding, while categorical age bands are presented in Table 1 for clinical clarity. Gender distribution (male: 54.1% vs. 52.9%, P = 0.879), treatment duration (median: 6 days in both groups, P = 0.764), laboratory abnormalities (P = 0.808), and radiographic findings (P = 0.727) were also similar between groups. Detailed baseline comparisons are shown in Table 1; Supplementary Tables S1, S2, and Supplementary Figures S1, S2.


Table 1 | Baseline characteristics of pediatric CAP patients before and after propensity score matching (N = 788).






3.2 Clinical efficacy

Both groups demonstrated complete clinical response (100% in both cefepime and comparator groups), with no statistically significant differences observed across symptom resolution, laboratory normalization, or radiologic improvement (Table 2). Among the matched cohort, all patients achieved symptomatic relief within the treatment window. Normalization of infection-related biomarkers (WBC, NE%, PCT, CRP) was observed in 95.6% of patients in the cefepime group and 100% in the comparator group (P = 0.375). Radiographic improvement was noted in 100% of patients treated with cefepime, compared to 97.1% in the comparator group (P = 0.324). Overall, clinical outcomes indicated that cefepime was non-inferior to cefoperazone-sulbactam or meropenem in this pediatric CAP cohort.


Table 2 | Comparison of clinical efficacy outcomes between cefepime and comparator groups before and after propensity score matching.



To further explore potential treatment heterogeneity, we conducted an exploratory subgroup analysis stratified by baseline age and by individual comparator regimens (cefoperazone–sulbactam, meropenem, and dual-use). No statistically significant differences were found in clinical cure rates, laboratory normalization, or radiologic improvement across subgroups. These results support the consistency of cefepime’s clinical effectiveness across pediatric age groups and comparator antibiotic types. Full results are provided in the Supporting Information (Supplementary Tables S3, S4).




3.3 Microbiological findings

Microbiological sampling was performed on 47.72% of the study cohort (376/788). Among the blood cultures (362/788), the positivity rate was low, with only 3 positive results (0.83%) yielding isolates of Staphylococcus aureus and Staphylococcus hominis. In these cases, all cefepime-treated patients who had positive blood cultures were considered to have achieved presumed microbiological clearance based on clinical recovery. Sputum cultures were conducted in 14 patients (1.78%), of which 6 yielded pathogenic organisms, including Enterobacter cloacae/Pseudomonas aeruginosa, Staphylococcus aureus, Pseudomonas malodorous, and Haemophilus influenzae. Among the cefepime group, four patients achieved presumed clearance, while one patient showed presumed non-clearance. The control group had one case of confirmed microbiological eradication. Detailed microbiological findings are summarized in Table 3.


Table 3 | Microbiological clearance and pathogen eradication outcomes in pediatric CAP patients.






3.4 Adverse events and safety evaluation

A total of 57 adverse events (AEs) were reported, of which 46 (80.7%) were considered to be related to antibiotic treatment. In the Cefepime Group, 5.7% of patients (41/720) experienced ADRs, compared to 11.8% (8/68) in the Comparator Group (P = 0.062). Most events were mild to moderate in severity, with 48.8% classified as Grade 1 and 51.2% as Grade 2 in the Cefepime Group. Reported ADRs primarily involved dermatologic, gastrointestinal, and hepatobiliary systems. No Grade ≥3 ADRs were reported in either group. The difference in ADR severity distributions between groups was not statistically significant (P = 0.467). A summary of adverse event types, severity grades, and affected organ systems is provided in Table 4.


Table 4 | Adverse drug reactions and safety outcomes in pediatric CAP patients before and after propensity score matching.



After propensity score matching, the incidence of ADRs was 5.2% (7/135) in the cefepime group and 11.8% (8/68) in the comparator group (P = 0.152, Fisher’s exact test). The absolute risk difference was -6.6% (95% CI: -15.1% to 1.9%), suggesting a lower ADR rate with cefepime, although the difference was not statistically significant.





4 Discussion

This retrospective cohort study provides real-world evidence that cefepime demonstrates comparable clinical efficacy and safety to other commonly used broad-spectrum antibiotics, namely cefoperazone-sulbactam and meropenem, in the treatment of pediatric CAP. These findings support the potential role of cefepime as an appropriate empiric option in pediatric CAP management, particularly in high-burden regions such as China where timely, effective antibiotic selection is critical.

Children possess immunologically immature systems that limit effective pathogen clearance, predisposing them to more rapid disease progression and a higher risk of complications in respiratory infections (Patria and Esposito, 2013). Cefepime, a fourth-generation cephalosporin, offers a broad spectrum of activity and pharmacokinetic stability, including reliable penetration into lung tissue and efficacy against AmpC β-lactamase-producing Enterobacteriaceae (Herrmann et al., 2024). In the present study, comparable clinical outcomes—including resolution of symptoms, normalization of inflammatory markers, and radiographic improvement—were observed between treatment groups, suggesting that cefepime is clinically effective in pediatric populations.

In the context of escalating global antimicrobial resistance, the judicious selection of empiric antibiotics is essential to stewardship frameworks. The comparable efficacy observed in this study suggests that cefepime may serve as a viable alternative to carbapenems in the management of non-severe pediatric CAP, thereby preserving last-line agents for confirmed or highly suspected multidrug-resistant infections. This approach may help delay the emergence of resistance while maintaining clinical efficacy. However, optimal empiric therapy should be guided by local resistance patterns, disease severity, and patient-specific risk factors. Integrating cefepime into empiric treatment protocols for selected pediatric patients may also reduce the need for combination regimens, minimizing drug burden and associated toxicities. Although the incidence of ADRs was numerically lower in the cefepime group following propensity score matching, the difference did not reach statistical significance. The absolute risk difference was -6.6% (95% CI: -15.1% to 1.9%), indicating that cefepime may have a comparable or potentially more favorable safety profile than the comparator agents. However, given the limited sample size and wide confidence interval, this finding should be interpreted with caution and confirmed in larger prospective studies.

The predominant bacterial pathogens associated with pediatric CAP in China include Streptococcus pneumoniae, Haemophilus influenzae, and various Gram-negative organisms. In many primary care and secondary hospital settings, access to microbiological diagnostics remains limited, often delaying definitive pathogen identification. The findings of this study provide clinically relevant insights for such settings, where cefepime’s broad coverage may reduce reliance on empiric dual-agent therapy. Moreover, the findings of this study are consistent with the 2019 Chinese Guidelines for the Diagnosis and Treatment of Pediatric Community-Acquired Pneumonia, which emphasize the importance of early empiric antimicrobial therapy tailored to likely pathogens based on age, clinical severity, and epidemiological context.

Cefepime-associated neurotoxicity, including encephalopathy, seizures, and altered mental status, has been increasingly reported in vulnerable populations, particularly in patients with impaired renal function due to reduced drug clearance. While such events are more commonly documented in adults, emerging data suggest pediatric patients, especially those with compromised renal function or concomitant nephrotoxic therapies, may also be at risk. Therefore, careful dosing and renal function monitoring are essential when administering cefepime in these subgroups (Taylor et al., 2025; Tseng et al., 2025; Yamaguchi et al., 2025).

Emerging spatial multi-omics technologies offer promising avenues for advancing our understanding of pediatric infectious diseases. For instance, spatial-CITE-seq enables high-plex protein and whole transcriptome co-mapping at cellular resolution, facilitating detailed analysis of tissue-specific immune responses (Liu et al., 2023). Multimodal tri-omics mapping has been employed to elucidate the spatial dynamics of mammalian brain development and neuroinflammation, demonstrating the potential of integrating multiple omics layers to study complex biological processes (Zhang et al., 2024). Additionally, Perturb-DBiT allows for spatially resolved in vivo CRISPR screen sequencing, providing insights into gene function within the native tissue context (Baysoy et al., 2024). Incorporating these advanced methodologies in future studies could significantly enhance our understanding of pathogen-host interactions and inform the development of targeted therapeutic strategies.




5 Limitations and future directions

This study has several limitations. First, the single-center retrospective design may restrict the generalizability of findings beyond the study setting. Although PSM was employed to balance baseline covariates, unmeasured confounding variables, such as pathogen characteristics, comorbidities, and concomitant therapies, may still have influenced outcomes. Additionally, we did not perform sensitivity analyses (e.g., caliper width variation or E-value estimation), which limits the ability to assess the robustness of causal inferences. Future studies with larger, multicenter datasets should integrate such methods to enhance analytical rigor.

Second, while PSM achieved good balance between groups, the reduction in sample size, particularly in the cefepime group, may have limited statistical power for subgroup analyses. Similarly, the exclusion of patients who received multiple antibiotics for over 72 hours, although necessary to isolate treatment effects, may have introduced selection bias by excluding more severe or treatment-refractory CAP cases. These constraints should be addressed in future prospective cohort designs.

Third, the analysis of microbiological outcomes was limited by low positivity rates and incomplete culture data. Specimen collection in pediatric populations is often challenging due to low sputum yield and prior antibiotic exposure, which may reduce culture sensitivity. Moreover, the precise timing of culture collection relative to treatment initiation and resolution was inconsistently recorded. As such, no inferential statistical comparisons were made for microbiological clearance due to the very small number of confirmed infections. These limitations were noted in Table 3 and discussed to prevent overinterpretation. Future studies should incorporate molecular diagnostic tools and standardized timing of specimen collection to improve microbiological evaluation.

Fourth, another limitation of this study relates to the heterogeneity within the comparator group, which included both cefoperazone–sulbactam and meropenem. Although these agents are both recommended by national pediatric CAP guidelines as empirical options for patients with severe or resistant infections, and their use often overlaps in clinical practice, they represent different antibiotic classes with potentially distinct efficacy and safety profiles. To address this, we conducted an exploratory subgroup analysis comparing cefepime with cefoperazone–sulbactam, meropenem, and a small subset of patients who received both agents sequentially. While no statistically significant differences in clinical cure, laboratory normalization, or radiologic improvement were found, the sample size of the meropenem group (n = 19) and dual-use group (n = 2) was small, which may limit statistical power and the ability to detect subtle differences. Therefore, while our findings suggest overall comparability between cefepime and other broad-spectrum β-lactams, larger studies are warranted to confirm drug-specific outcomes with greater precision.

Fifth, while the overall incidence of ADRs was low, we reported confidence intervals for all ADR proportions to reflect statistical uncertainty due to small sample sizes. A Bonferroni correction was applied to control the family-wise error rate across multiple comparisons; however, findings from this exploratory study should still be interpreted cautiously. Additionally, causality assessments were based on retrospective chart review without blinded adjudication. To mitigate subjectivity, we used predefined pharmacovigilance criteria and independent dual-review, but prospective designs with blinded assessment would further strengthen safety evaluations.

Finally, the retrospective dataset precluded reliable time-to-event analyses, such as Kaplan–Meier estimation of symptom resolution or fever clearance, due to inconsistent documentation of symptom onset and resolution times. Future prospective studies should include structured symptom tracking to enable these analyses. Moreover, antibiotic susceptibility testing (AST) data were not consistently available in clinical records and thus were not included in our analysis. While this reflects real-world practice in pediatric care settings, it limits interpretation of microbiological efficacy in the context of resistance.

In future research, efforts should be made to validate these findings through prospective, multicenter studies that include broader pathogen detection methods, pharmacokinetic analyses of cefepime in pediatric populations, and further investigation of its neurotoxicity risk, particularly in children with renal impairment or those receiving nephrotoxic agents.




6 Conclusion

This research indicates the potential of cefepime as a treatment choice for children with CAP. Regarding the main outcome, the clinical efficacy and safety of cefepime and cefoperazone sulbactam/meropenem showed no notable variance in treating children with CAP. This work confirms its non-inferior efficacy and safety compared to broad-spectrum alternatives. Within antimicrobial stewardship frameworks, cefepime may serve as a first-line empiric choice for pediatric CAP in China, though its use must be guided by individualized risk assessment and dynamic pathogen surveillance. Future research should prioritize therapeutic optimization to balance efficacy, safety, and resistance mitigation.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Ethics Committee of The First Hospital of Jilin University (Approval No. 2024-1030). 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’ legal guardians/next of kin because given the retrospective nature of the study and anonymization of patient data, the requirement for informed consent was waived.





Author contributions

CL: Formal analysis, Writing – original draft, Methodology. JD: Conceptualization, Writing – review & editing, Methodology. YX: Writing – original draft, Formal analysis. YS: Conceptualization, Project administration, Writing – review & editing, Formal analysis, Supervision, Funding acquisition, Methodology.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study is funded by Clinical Comprehensive Evaluation Project for Medicines, Health Commission of Jilin Province (Grant No. 202302).





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.





Generative AI statement

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






Correction note

﻿This article has been corrected with minor changes. These changes do not impact the scientific content of the article.









Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2025.1616184/full#supplementary-material




References

 Baysoy, A., Tian, X., Zhang, F., Renauer, P., Bai, Z., Shi, H., et al. (2024). Spatially Resolved in vivo CRISPR Screen Sequencing via Perturb-DBiT. bioRxiv. doi: 10.1101/2024.11.18.624106

 Bradley, J. S., and Arrieta, A. (2001). Empiric use of cefepime in the treatment of lower respiratory tract infections in children. Pediatr. Infect. Dis. J. 20, 343–349. doi: 10.1097/00006454-200103000-00033

 Bradley, J. S., Byington, C. L., Shah, S. S., Alverson, B., Carter, E. R., Harrison, C., et al. (2011). The management of community-acquired pneumonia in infants and children older than 3 months of age: clinical practice guidelines by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America. Clin. Infect. Dis. 53, e25–e76. doi: 10.1093/cid/cir531

 Cao, L., Ji, Z., Zhang, P., and Wang, J. (2023). Epidemiology and mortality predictors for severe childhood community-acquired pneumonia in ICUs: A retrospective observational study. Front. Pediatr. 11. doi: 10.3389/fped.2023.1031423

 Chen, Q., Lin, L., Zhang, N., and Yang, Y. (2024). Adenovirus and Mycoplasma pneumoniae co-infection as a risk factor for severe community-acquired pneumonia in children. Front. Pediatr. 12. doi: 10.3389/fped.2024.1337786

 Collaborators, G. L. (2017). Estimates of the global, regional, and national morbidity, mortality, and aetiologies of lower respiratory tract infections in 195 countries: a systematic analysis for the Global Burden of Disease Study 2015. Lancet Infect. Dis. 17, 1133–1161. doi: 10.1016/S1473-3099(17)30396-1

 Drugs (2014). Guidance for clinical trials of anti-bacterial drugs. Chin. J. Clin. Pharmacol. 30, 844–856. doi: 10.13699/j.cnki.1001-6821.2014.09.030

 Erb, C. T., Patel, B., Orr, J. E., Bice, T., Richards, J. B., Metersky, M. L., et al. (2016). Management of adults with hospital-acquired and ventilator-associated pneumonia. Ann. Am. Thorac. Soc. 13, 2258–2260. doi: 10.1513/AnnalsATS.201608-641CME

 File, T. M. Jr., and Niederman, M. S. (2004). Antimicrobial therapy of community-acquired pneumonia. Infect. Dis. Clin. North Am. 18, 993–1016. doi: 10.1016/j.idc.2004.07.011

 Florin, T. A., Ambroggio, L., Brokamp, C., Zhang, Y., Rattan, M., Crotty, E., et al. (2020). Biomarkers and disease severity in children with community-acquired pneumonia. Pediatrics 145. doi: 10.1542/peds.2019-3728

 Fu, P., Xu, H., Jing, C., Deng, J., Wang, H., Hua, C., et al. (2021). Bacterial epidemiology and antimicrobial resistance profiles in children reported by the ISPED program in China 2016 to 2020. Microbiol. Spectr. 9, e0028321. doi: 10.1128/Spectrum.00283-21

 Goodman, D., Crocker, M. E., Pervaiz, F., McCollum, E. D., Steenland, K., Simkovich, S. M., et al. (2019). Challenges in the diagnosis of paediatric pneumonia in intervention field trials: recommendations from a pneumonia field trial working group. Lancet Respir. Med. 7, 1068–1083. doi: 10.1016/S2213-2600(19)30249-8

 Herrmann, J., Burgener-Gasser, A. V., Goldenberger, D., Roth, J., Weisser, M., Tamma, P. D., et al. (2024). Cefepime versus carbapenems for treatment of AmpC beta-lactamase-producing Enterobacterales bloodstream infections. Eur. J. Clin. Microbiol. Infect. Dis. 43, 213–221. doi: 10.1007/s10096-023-04715-5

 Iacus, S., King, G., and Porro, G. (2009). CEM: Software for coarsened exact matching. J. Stat. Softw. 30, 1–27. doi: 10.18637/jss.v030.i09

 Iacus, S. M., King, G., and Porro, G. (2012). Causal inference without balance checking: Coarsened exact matching. Polit. Anal. 20, 1–24. doi: 10.1093/pan/mpr013

 Li, H. T., Lee, C. H., Wu, T., Cheng, M. Y., Tseng, W. J., Chang, C. W., et al. (2019). Clinical, electroencephalographic features and prognostic factors of cefepime-induced neurotoxicity: A retrospective study. Neurocrit. Care 31, 329–337. doi: 10.1007/s12028-019-00682-y

 Liang, J., Hu, Z., Zhan, C., and Wang, Q. (2021). Using propensity score matching to balance the baseline characteristics. J. Thorac. Oncol. 16, e45–e46. doi: 10.1016/j.jtho.2020.11.030

 Liu, Y., DiStasio, M., Su, G., Asashima, H., Enninful, A., Qin, X., et al. (2023). High-plex protein and whole transcriptome co-mapping at cellular resolution with spatial CITE-seq. Nat. Biotechnol. 41, 1405–1409. doi: 10.1038/s41587-023-01676-0

 Mai, W., Liu, Y., Meng, Q., Xu, J., and Wu, J. (2023). Bacterial epidemiology and antimicrobial resistance profiles of respiratory specimens of children with pneumonia in hainan, China. Infect. Drug Resist. 16, 249–261. doi: 10.2147/IDR.S397513

 McAllister, D. A., Liu, L., Shi, T., Chu, Y., Reed, C., Burrows, J., et al. (2019). Global, regional, and national estimates of pneumonia morbidity and mortality in children younger than 5 years between 2000 and 2015: a systematic analysis. Lancet Glob. Health 7, e47–e57. doi: 10.1016/S2214-109X(18)30408-X

 Ning, G., Wang, X., Wu, D., Yin, Z., Li, Y., Wang, H., et al. (2017). The etiology of community-acquired pneumonia among children under 5 years of age in mainland China 2001-2015: A systematic review. Hum. Vaccin. Immunother. 13, 2742–2750. doi: 10.1080/21645515.2017.1371381

 Patria, M. F., and Esposito, S. (2013). Recurrent lower respiratory tract infections in children: a practical approach to diagnosis. Paediatr. Respir. Rev. 14, 53–60. doi: 10.1016/j.prrv.2011.11.001

 Qian, C., Chen, Q., Lin, W., Li, Z., Zhu, J., Zhang, J., et al. (2024). Incidence of community-acquired pneumonia among children under 5 years in Suzhou, China: a hospital-based cohort study. BMJ Open 14, e078489. doi: 10.1136/bmjopen-2023-078489

 Rahman, A. E., Hossain, A. T., Chisti, M. J., Dockrell, D. H., Nair, H., El Arifeen, S., et al. (2021). Hypoxaemia prevalence and its adverse clinical outcomes among children hospitalised with WHO-defined severe pneumonia in Bangladesh. J. Glob. Health 11, 4053. doi: 10.7189/jogh.11.04053

 Rudan, I., Boschi-Pinto, C., Biloglav, Z., Mulholland, K., and Campbell, H. (2008). Epidemiology and etiology of childhood pneumonia. Bull. World Health Organ 86, 408–416. doi: 10.2471/blt.07.048769

 Shi, X., Patil, S., Wang, Q., Liu, Z., Zhu, C., Wang, H., et al. (2023). Prevalence and resistance characteristics of multidrug-resistant Streptococcus pneumoniae isolated from the respiratory tracts of hospitalized children in Shenzhen, China. Front. Cell Infect. Microbiol. 13. doi: 10.3389/fcimb.2023.1332472

 Sun, Y., Li, H., Pei, Z., Wang, S., Feng, J., Xu, L., et al. (2020). Incidence of community-acquired pneumonia in urban China: A national population-based study. Vaccine 38, 8362–8370. doi: 10.1016/j.vaccine.2020.11.004

 Taylor, J., Gunter, H. M., and Cohen, K. (2025). Cefepime-induced neurotoxicity. S Afr J. Infect. Dis. 40, 704. doi: 10.4102/sajid.v40i1.704

 Torres, A., Niederman, M. S., Chastre, J., Ewig, S., Fernandez-Vandellos, P., Hanberger, H., et al. (2017). International ERS/ESICM/ESCMID/ALAT guidelines for the management of hospital-acquired pneumonia and ventilator-associated pneumonia: Guidelines for the management of hospital-acquired pneumonia (HAP)/ventilator-associated pneumonia (VAP) of the European Respiratory Society (ERS), European Society of Intensive Care Medicine (ESICM), European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and Asociacion Latinoamericana del Torax (ALAT). Eur. Respir. J. 50. doi: 10.1183/13993003.00582-2017

 Tseng, Y. J., Tai, C. H., Chen, G. Y., Chen, Y. L., Ku, S. C., Pai, T. Y., et al. (2025). Navigating pharmacokinetic and pharmacodynamics challenges of beta-lactam antibiotics in patients with low body weight: efficacy, toxicity, and dosage optimization. Ther. Adv. Drug Saf. 16, 20420986251320414. doi: 10.1177/20420986251320414

 Varona, J. F., Landete, P., Paredes, R., Vates, R., Torralba, M., Guisado-Vasco, P., et al. (2023). Plitidepsin in adult patients with COVID-19 requiring hospital admission: A long-term follow-up analysis. Front. Cell Infect. Microbiol. 13. doi: 10.3389/fcimb.2023.1097809

 Yamaguchi, J., Sadahiro, R., Wada, S., Nishikawa, E., Terada, T., Nakahara, R., et al. (2025). Development of cefepime-induced encephalopathy in a patient with depression and rectal cancer: A case report. Neuropsychopharmacol. Rep. 45, e12502. doi: 10.1002/npr2.12502

 Zhang, Q., Guo, Z., Bai, Z., and MacDonald, N. E. (2013). A 4 year prospective study to determine risk factors for severe community acquired pneumonia in children in southern China. Pediatr. Pulmonol. 48, 390–397. doi: 10.1002/ppul.22608

 Zhang, D., Rubio Rodriguez-Kirby, L. A., Lin, Y., Song, M., Wang, L., Wang, L., et al. (2024). Spatial dynamics of mammalian brain development and neuroinflammation by multimodal tri-omics mapping. bioRxiv. doi: 10.1101/2024.07.28.605493

 Zhou, M., Wang, L., Wang, Z., Kudinha, T., Wang, Y., Xu, Y., et al. (2022). Molecular characterization of penicillin-binding protein2x, 2b and 1a of streptococcus pneumoniae causing invasive pneumococcal diseases in China: A multicenter study. Front. Microbiol. 13. doi: 10.3389/fmicb.2022.838790




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.


Copyright © 2025 Liu, Deng, Xing and Song. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Real-world efficacy and safety of cefepime for pediatric community-acquired pneumonia: a propensity score-matched study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study design and data source

          



          		

            2.2 Patient selection and group assignment

          



          		

            2.3 Outcome definitions

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics

          



          		

            3.2 Clinical efficacy

          



          		

            3.3 Microbiological findings

          



          		

            3.4 Adverse events and safety evaluation

          



        



        



        		

          4 Discussion

        



        		

          5 Limitations and future directions

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Correction note

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb.2025.1616184_cover.jpg
, frontiers | Frontiers in Cellular and Infection Microbiology

Real-world efficacy and safety of cefepime
for pediatric community-acquired
pneumonia: a propensity score-matched
study





OEBPS/Images/fcimb-15-1616184-g001.jpg
Study Population

All patients with cefepime or cefoperazone sulbactam/meropenem
between | January 2023 to 31 December 2023

Excluded (n=316)
Undiagnosed CAP (n=72)
Duration of administration <<72h (n=76)
Adjustment of antimicrobials during therapy (n=59)
Combined neurological, digestive and circulatory disorders (n=107)

—
(="
(4]
=
-
=3
—
=1
e
=
-
(=5
=
=

788

Patients included in study population

Cefoperazone sulbactam/
- .

s Cefepime Meropenem

2 \—l—l

P 1: 2

g

= Propensity score matching

=

=

g

Cefoperazone sulbactam/
Meropenem

Cefepime






OEBPS/Images/table2.jpg
Before PSM After PSM

Cefepime Group =~ Comparator Group P Cefepime Group  Comparator Group P
(N = 720) (N = 68) (N = 135) (N = 68)
Overall Clinical Response, n/ 720/720 (100.0, 68/68 (100.0, = 135/135 (100.0, 68/68 (100.0, =
N (%, 95% CI) 99.5%-100.0%) 94.79%-100.0%) 97.3%-100.0%) 94.7%-100.0%)
Symptom Relief, n/N (%, 718/720 (99.7, 8/68 (100.0, 94.7%-100.0%) = - 135/135 (100.0, 68/68 (100.0, -
95% CI) 99.0%-100.0%) 97.3%-100.0%) 94.7%-100.0%)
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Clinical cure was defined as complete resolution of signs and symptoms, normalization of laboratory biomarkers (WBC, NE%, PCT, CRP), and radiographic improvement. Improvement
indicated partial recovery, and ineffective indicated lack of meaningful change after 72 hours of therapy. Comparator group includes patients treated with cefoperazone-sulbactam or meropenem.
A Bonferroni-corrected significance threshold of P < 0.01 was applied for multiple comparisons across five secondary outcomes.
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Involved systems*, n/N (%)
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Skin 11/41 (26.8) 6/8 (75.0) 6/7 (85.7) 6/8 (75.0)
Gastrointestinal 17/41 (41.5) / / /
Hepatobiliary 4/41 (9.8) / / /
Systemic and General 2/41 (4.9) / 1/7 (143) /
Blood system 2/41 (49) / / /

ADR? refers to adverse drug reactions considered definitely, probably, or possibly related to the drug. The degree of association was classified as certain, probable, or possible based on clinical
assessment. ADR severity was graded according to the Common Terminology Criteria for Adverse Events (CTCAE), version 5.0. System involvement was categorized by the primary organ
system affected, as documented in the medical record. P-values were calculated using Fisher’s exact test for all categorical comparisons due to small subgroup sizes. Confidence intervals for
proportions were computed using the Clopper-Pearson (exact binomial) method.
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Microbiology Culture Rate, n/N (%) 376/788 (47.7)
Blood Culture Rate, n/N (%) 362/788 (45.9)
Negative Results Rate, n/N (%) 359/362 (99.2)
Positive Results Cefepime Group Staphylococcus hominis Assumed Clearance
Staphylococcus hominis Assumed Clearance
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Sputum Culture Rate, n/N (%) 14/788 (1.78)
Negative Results Rate, n/N (%) 8/14 (57.14)
Positive Results Cefepime Group Staphylococcus aureus Assumed Clearance
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Comparator Group Enterobacter cloacael Clearance

Pseudomonas aeruginosa

Microbiological data are descriptive only; due to the limited number of positive culture cases, no statistical comparisons were made. All cultures were collected prior to or at the initiation of
antibiotic treatment. Timing of follow-up sampling was inconsistently documented and not analyzed.
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Cefepime Comparator Cefepime Comparator OR, 95% CI)
Group (N =72 Group (N = 68) Group (N =135) Group (N = 68)
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Male, n (%) 367 (51.0) 36 (52.9) 0.756 73 (54.1) 36 (52.9) 0879 OR: 0.92
(0.56-1.52)
Treatment duration, 7(59) 6 (5,8) 0.047 6 (4,8) 6 (5,8) 0.764 Median diff =
median (IQR) 0 (ns)
Symptoms present, 719 (99.9) 68 (100.0) 1.000 135 (100.0) 68 (100.0) 1000 Not estimable
n (%) (100% in
both groups)
Laboratory 311 (432) 44 (64.7) <0.001 85 (63.0) 44 (64.7) 0.808 OR: 0.41
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Radiographic findings, 414 (57.5) 34 (50.0) 0233 71 (52.6) 34 (50.0) 0727 OR: 1.24
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Comparator group includes patients treated with cefoperazone-sulbactam or meropenem. PSM was conducted using nearest-neighbor matching (1:2 ratio, caliper = 0.2). Laboratory and imaging
data coded as binary variables: 0 = normal/no abnormality, 1 = abnormal. P values based on the Chi-square test for categorical variables and the Wilcoxon rank-sum test for medians.





