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1. Introduction
This document describes the statistical analysis plan for the above-named trial. The analysis will be conducted following the completion of data collection and database lock. Any post-hoc analyses or deviations from this plan will be clearly indicated in the final study report and manuscript.
2. Study design
This is a single-center, randomized, open-label, controlled trial. Eligible participants are healthy children and adolescents aged 6-17 years. Participants are stratified by age (6-11 years vs. 12-17 years) and then randomly assigned in a 1:1 ratio to one of two groups. Immediate vaccination group (IV): receives one dose of intranasal live attenuated influenza vaccine (LAIV) at baseline. Delayed vaccination group (DV): receives one dose of LAIV four weeks after baseline.
During the first 28 days, the DV group serves as an unvaccinated control. After the day-28 assessments, participants in the DV group receive LAIV. Only data from the first 28 days are used for the primary and secondary efficacy comparisons.
3. Objectives and endpoints
The primary objective is to evaluate the mucosal sIgA response induced by LAIV. The primary endpoint is the nasal mucosal sIgA concentration against each of the three vaccine strains (H1N1, H3N2, B/Victoria) measured at day 28 post-vaccination.
Secondary objectives include evaluating serum HI antibody responses and safety. The secondary immunogenicity endpoint is the serum HI titer against each vaccine strain at day 28. The safety endpoint is the incidence of adverse reactions within 28 days after vaccination.
Exploratory objectives focus on mucosal cellular immunity. Exploratory endpoints are the number of IFN-γ secreting cells per 10⁶ nasal epithelial cells in response to influenza peptide pools (ELISpot), and the frequencies of activated CD4⁺ and CD8⁺ T-cell subsets in nasal mucosal epithelial cells measured by flow cytometry, both at day 28.
4. Sample size
Sample size was calculated using PASS version 16, based on the primary endpoint of mucosal sIgA. We assumed a 1.5-fold increase from baseline to day 28 in the IV group, with a coefficient of variation of 1.0. Under the null hypothesis of a fold change of 1.0 (no difference between IV and DV), a two-sided alpha of 0.05, and 90% power, 90 participants per group are required. Accounting for an anticipated 10% dropout rate, the total sample size is set to 200 participants (100 per group). The actual enrollment target is therefore 200.
5. Analysis populations
Three analysis populations are defined:
Full analysis set (FAS): all randomized participants who received LAIV (IV group) or completed the 28-day control period without vaccination (DV group). The FAS will be used for the primary and secondary immunogenicity analyses.
Per-protocol set (PPS): participants in the FAS who have no major protocol violations (e.g., receipt of prohibited medication, major deviation from the visit window). The PPS will be used for sensitivity analyses of the primary endpoint.
Safety set: all participants who receive LAIV (IV group at baseline, plus DV group at week 4). The safety set will be used for all safety analyses.
6. Statistical methods
[bookmark: OLE_LINK1]All statistical tests will be two-sided, with a significance level of 0.05. For multiple comparisons, Bonferroni correction will be applied to control the familywise error rate. No interim analysis is planned.
For the primary endpoint, nasal mucosal sIgA geometric mean concentrations against each vaccine strain at day 28 post-vaccination, within-group changes from baseline to day 28 will be analyzed using ANOVA or the Wilcoxon signed-rank test, and between-group comparisons (immediate vaccination group vs. delayed vaccination group at day 28) will be performed using ANOVA or the Wilcoxon rank-sum test. The same methods will be applied to the secondary immunogenicity endpoint of serum HI geometric mean titers.
For the secondary safety endpoint, the incidence of adverse reactions within 28 days post-vaccination will be compared between groups using the χ² test, with Fisher's exact test substituted when any expected cell count is less than five. The standardized sIgA response rate (proportion of responders) will be analyzed using the same categorical methods.
For the exploratory endpoints, the number of IFN-γ secreting cells per 10⁶ nasal epithelial cells (ELISpot) and the frequencies of activated CD4⁺ and CD8⁺ T-cell subsets among nasal lymphocytes (flow cytometry) will be summarized as medians with interquartile ranges. Between-group comparisons will use the Wilcoxon rank-sum test, and within-group changes from baseline to day 28 (if baseline measurements are available) will use the Wilcoxon signed-rank test. 
7. Handling of missing data
For the primary and secondary immunogenicity endpoints, participants with missing measurements will be excluded from the corresponding analysis. The dropout rate will be reported, and the baseline characteristics of participants who complete versus drop out will be compared descriptively to assess potential bias.
For the safety analysis, all participants who receive LAIV and have any follow-up data will be included. Adverse reactions will be summarized without imputation for missing data.
8. Subgroup analyses
The pre-specified subgroup for analysis is age group (6-11 years vs. 12-17 years) and influenza vaccination history (with vs. without). For each endpoint, the treatment effect (IV vs. DV) will be estimated separately within each age subgroup using the same tests as described above. Subgroup findings will be interpreted descriptively.
9. Software
All statistical analyses will be performed using R version 4.4.3. Selected descriptive figures and tables may be generated using GraphPad Prism version 10.1.2 for presentation purposes.
10. Amendments to the SAP
Any amendments to this SAP made after the database lock will be documented, including the reason for the change, and will be explicitly noted as post-hoc in the final study report and manuscript.
