Supplementary Table 5. Summary of functional changes by immune cell cluster in PA compared to HD
	Cluster
	Cell Population
	Sig Markers
	Up
	Down
	Overall Trend
	Functional Changes
	Key Markers

	1
	CD38hi CD56dim CD16+ NK
	6
	5
	1
	Upregulation
	Activation↑; Cytotoxicity↑
	CD38, ASMA, CD123

	2
	Activated late-differentiated CD8 T
	2
	2
	0
	Upregulation
	Migration↑
	CD185, CD294

	3
	CD56dim CD16+ CD57+ mature NK
	4
	4
	0
	Upregulation
	Activation↑; Cytotoxicity↑
	CD16, CD11C, CD38

	4
	Naive CD4 T cells
	6
	6
	0
	Upregulation
	Activation↑; Differentiation altered (CD57↑); Migration↑
	CD27, CD19, CD38

	5
	Naive CD8 T cells
	4
	4
	0
	Upregulation
	Migration↑
	CD294, EQ2_CD194, CD27

	6
	Activated CD4 Tem-like
	2
	2
	0
	Upregulation
	Migration↑
	CD27, CD185

	7
	CD56bright NK
	1
	1
	0
	Upregulation
	Migration↑
	CD185

	8
	B cell
	1
	0
	1
	Downregulation
	–
	CD56

	9
	Neutrophil 
	3
	2
	1
	Upregulation
	Cytotoxicity↑
	CD24, GB, CD3

	10
	Mature neutrophil
	7
	1
	6
	Downregulation
	Activation↓; Migration↓; Cytotoxicity↑
	CD196, CD8, CD3

	11
	Basophil
	9
	0
	9
	Downregulation
	Differentiation altered (CD45RA↓); Migration↓
	EQ4_CD45RA, CD105, EQ2_CD194

	12
	Classical monocytes
	6
	1
	5
	Downregulation
	Activation↑
	CD38, CD24, CD3

	13
	Intermediate monocytes
	4
	3
	1
	Upregulation
	Activation↑; Migration↑
	CD3, CD185, CD38


Overall Trend: “Upregulation” indicates upregulated markers > 1.5× downregulated markers; “Downregulation” vice versa. Functional Changes: ↑ indicates enhanced/increased in PA; ↓ indicates reduced/decreased in PA. Key Markers: top 3 markers with lowest P-values (P < 0.05) in each cluster. Based on markers with P < 0.05. HD, n=6; PA, n=14.
Abbreviations: HD, healthy donors; NK, natural killer cells; PA, patients with HBV infection; Sig, significant; Tem, effector memory T cells.
