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Subcutaneous immunization with replication-competent live influenza virus confers durable protective immunity without respiratory pathology in mice
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Supplementary Fig. S1. Lung histopathology following PR8 challenge after live influenza A virus (LIV) immunization. Mice immunized subcutaneous (SC) with LIV at low (LLD₅₀), medium (MLD₅₀), or high dose (HLD₅₀), or intramuscular (IM) with HLD₅₀ LIV, were challenged intranasally with PR8 at day 21 post-immunization. Representative hematoxylin and eosin (H&E)-stained lung sections collected at the indicated days post-infection was shown. A Representative image of H&E-stained lung sections at 4 days post infection (d.p.i). B Representative image of H&E-stained lung sections at 6 days post infection (d.p.i). C Representative image of H&E-stained lung sections at 8 days post infection (d.p.i). Scale bar: 200 µm. 
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Supplementary Fig. S2. Systemic safety evaluation of LIV immunization in mice. Mice were SC or IM immunized with HLD₅₀ of LIV and euthanized at 3, 7, 14, and 21 days post-immunization for tissue collection. Intranasally (IN) infected mice served as infection controls. A Viral load in blood at 1, 3, and 5 days post-immunization (n = 5 biologically independent mice). B–D Representative H&E-stained sections of heart, kidney and brain were shown. Scale bar: 200 µm. All data were shown as the means ± standard error of the mean (SEM). Statistical significance P-value was calculated by one-way ANOVA with Tukey’s multiple comparison tests. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, when compared to PR8 viral infection control group. 
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Supplementary Fig. S3. Pulmonary inflammatory cytokine transcription levels following PR8 challenge in mice immunized with live or inactivated influenza virus. A Pulmonary inflammatory cytokines transcription levels of mice 14 days after virus challenge (HLD50 PR8 and inactivated PR8 immunization, n = 5 mice per group). B Pulmonary inflammatory cytokines transcription levels of mice 14 days after virus challenge (H1N1pdm09 immunization, n = 5 mice per group). C Pulmonary inflammatory cytokines transcription levels of mice 14 days after virus challenge (H3N2 immunization, n = 5 mice per group). All data are shown as the means ± standard error of the mean (SEM). Statistical significance P-value was calculated by one-way ANOVA with Tukey’s multiple comparison tests. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, when compared to PBS control group.

[image: E:\VS 稿件\2026 publication\7536-\7536 R2\7536 to prod\VS7536 Supplementary Figure S4.jpg]
Supplementary Fig. S4. Longitudinal serum virus-neutralizing antibody responses following prime or prime-boost immunization. Serum virus-neutralizing titers were measured from 0 to 277 days post subcutaneous immunization (d.p.SC) in mice immunized with HLD₅₀ LIV or monovalent PR8 recombinant HA trimer (MrHA). All data were shown as the means ± standard error of the mean (SEM).
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Supplementary Fig. S5. Viral dissemination and pulmonary inflammatory cytokine responses following PR8 challenge in mice immunized with LIV or recombinant HA vaccines. A Viral load in lung, heart, brain, and kidney tissues following single-dose immunization and challenge at 21 d.p.SC (n = 5 mice per group). B Viral load in lung, heart, brain, and kidney tissues following two-dose prime-boost immunization and challenge at 42 d.p.SC (n = 5 mice per group). C Pulmonary inflammatory cytokine transcription levels following two-dose prime-boost immunization and challenge at 42 d.p.SC (n = 5 mice per group). Dotted line indicates LOD. All data are shown as the means ± standard error of the mean (SEM). Statistical significance P-value was calculated by one-way ANOVA with Tukey’s multiple comparison tests. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, when compared to PBS control group.
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Supplementary Fig. S6. Flow cytometry gating strategy. Gating strategies used to identify major immune cell populations in draining lymph nodes (dLNs), including myeloid cells, dendritic cells (DCs), macrophages, NK cells, B cells, T cell subsets, germinal center (GC) B cells, T follicular helper (Tfh) cells, and plasma cells following SC or IM immunization with HLD₅₀ LIV. Live CD45⁺ cells were gated sequentially excluding debris based on FSC-A versus SSC-A, doublets based on FSC-A versus FSC-H, and dead cells using Zombie UV387. Within live CD45+ cells, A Gating strategy for sorting myeloid cells (identified as CD11b+), DCs (identified as CD11b+CD11c+), major histocompatibility complex (MHC) Ⅰ+ DCs (identified as CD11b+CD11c+MHC Ⅰ+), MHC Ⅱ+ DCs (identified as CD11b+CD11c+ MHC Ⅱ+), activated DCs (identified as CD11b+CD11c+CD80+CD86+), macrophages (identified as CD11b+F4/80+), MHC) Ⅰ+ macrophages (identified as CD11b+ F4/80+MHC Ⅰ+), MHC Ⅱ+ macrophages (identified as CD11b+ F4/80+ MHC Ⅱ+), activated macrophages (identified as CD11b+ F4/80+CD80+CD86+) and natural kill (NK) cells (identified as NK1.1+CD3-). B Gating strategy for sorting B cells (identified as CD19+), plasma cells (identified as CD19+CD138+), GC B cells (identified as CD19+FAS+GL7+CD38-) and Tfh cells (identified as CD3+CD4+PD-1+CXCR5+). C Gating strategy for sorting IFN-γ+ CD4 T cells (identified as CD3+CD4+ IFN-γ+) and IFN-γ+ CD8 T cells (identified as CD3+CD8+ IFN-γ+). D Gating strategy for sorting switched memory B cells (identified as CD19+IgD-CD27+).
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Supplementary Fig. S7. Representative flow cytometry plot. A Representative flow cytometry plot at 3 days post-immunization. B Representative flow cytometry plot at 7 days post-immunization. C Representative flow cytometry plot at 14 days post-immunization. D Representative flow cytometry plot at 21 days post-immunization. All data were shown as the means ± SEM. Statistical significance p-value was calculated by one-way ANOVA with Tukey’s multiple comparison tests. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, when compared to PBS control group. 
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	Target Gene
	Direction
	Sequence (5′–3′)

	PR8 HA
	Forward
	TGAAGGGGGATGGACTGGAA

	
	Reverse
	TTGATCCGCTGCATAGCCTG

	IL-6 (mouse)
	Forward
	GTGGCTAAGGACCAAGACCA

	
	Reverse
	TAACGCACTAGGTTTGCCGA

	IP-10 (mouse)
	Forward
	ATGACGGGCCAGTGAGAATG

	
	Reverse
	GAGGCTCTCTGCTGTCCATC

	TNF-α (mouse)
	Forward
	AGGCACTCCCCCAAAAGATG

	
	Reverse
	CTGCCACAAGCAGGAATGAG

	IFN-γ (mouse)
	Forward
	TCCTGGGGCCTTATTGTCTC

	
	Reverse
	ATCCAAAGGCGTTTTGCCAC

	GAPDH (mouse)
	Forward
	CAAAATGGTGAAGGTCGGTGTG

	
	Reverse
	GTTGAGGTCAATGAAGGGGTCG
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