Supplementary Table 1 
Disposition of screened BALF samples and reasons for exclusion (Apr 2021 - Feb 2025)
	Category
	n
	% of screened

	Included for analysis
	306
	66.5

	Excluded 
	154
	33.5

	[bookmark: _GoBack]Not processed by mNGS (pre-analytic reasons)
	84
	18.3

	Insufficient volume/cellularity (any of residual BALF <2.0 mL, TNC <1×10^4 cells/mL, DNA <1 ng)
	29
	6.3

	Entire specimen consumed by urgent clinical testing
	22
	4.8

	Cold-chain/instrument downtime or logistics delay
	12
	2.6

	Chain-of-custody or biosafety hold
	14
	3.0

	Consent withdrawal/other administrative causes
	7
	1.5

	>24 h systemic antibiotics before BAL
	57
	12.4

	Missing key clinical data or age <18 y
	4
	0.9

	Duplicate submissions from the same patient
	2
	0.4

	Failed sequencing QC (raw reads <5 M, Q30 <80%, or non-host reads <1% & <50k unique microbial reads; or spike-in failure)
	7
	1.5


Percentages use N = 460. 



[bookmark: _Hlk213777451]Supplementary Table 2
Curated respiratory pathogens, evidence-base, and per-sample calling criteria
	Taxon (species or genus)
	 Key references
	Biological & clinical rationale
	Per-sample calling rule used in this study

	Streptococcus pneumoniae
	[17, 20]
	Classic CAP pathogen, abundant in severe pneumonia
	≥3 unique reads & Z>1.96 vs controls and (≥1% relative abundance or ≥95% breadth at ≥10×), clinical congruence

	Staphylococcus aureus
	[21]
	Frequent severe pneumonia, VAP organism
	Same as above

	Haemophilus influenzae
	[17, 20]
	Common CAP, correlates with inflammation
	Same as above

	Klebsiella pneumoniae
	[21, 22]
	Opportunistic Gram-negative, strong association with PCT or CRP in SP
	Same as above

	Acinetobacter spp.
	[21, 23]
	Opportunistic Gram-negative, ICU-enriched
	Same as above

	Pseudomonas aeruginosa
	[21]
	Opportunistic Gram-negative, virulence factors
	Same as above

	Enterobacterales (E. coli, Enterobacter cloacae)
	[21]
	Nosocomial pathogens, frequent in SP
	Same as above

	Legionella pneumophila
	[17, 20]
	Classic severe CAP
	Same as above

	Mycoplasma pneumoniae
	[17, 20]
	Community-acquired, younger adults
	Same as above

	Corynebacterium striatum
	[24, 25]
	Emerging respiratory opportunist, hub in SP network
	Same as above

	Tropheryma whipplei
	[26]
	Pathobiont, considered only with sequencing support & clinical plausibility
	Same as above

	Commensals or pathobionts 
	[27, 28]
	Typically commensal, protective associations
	Called as potential pathogen only if thresholds met and dominant with clinical congruence; otherwise treated as background


All taxa additionally required the absence of batch-specific red flags and consistency with negative-control Z-score screening. References correspond to references in the main text.


Supplementary Table 3 
Sample categories 
	[bookmark: _Hlk213716137]Group
	Dominant pathogen abundance (dpa) range
	N (%)
		non-SP (%)




		SP
 (%)



	Species richness

	Polymicrobial 1 - PM 1
	1% ≤ dpa < 25%
	30(9.8)
	17(15.5)
	13(6.6)
	83

	Polymicrobial 2 - PM 2
	25% ≤ dpa < 40%
	72(23.5)
	31(28.2)
	41(20.9)
	125

	Polymicrobial 3 - PM 3
	40% ≤ dpa < 60%
	65(21.2)
	19(17.3)
	46(23.5)
	74

	Polymicrobial 4 - PM 4
	60% ≤ dpa < 100%
	135(44.1)
	31(28.2)
	104(53.1)
	147

	Monomicrobial - MM
	100%
	4(1.3)
	3(2.7)
	1(0.5)
	9


The samples were categorized into five classes based on the dominant pathogen abundance (dpa) of the sequenced bacterial reads. The table presents the range of dpa, the number of samples and the species richness for each group. Polymicrobial groups showed greater species richness compared with the monomicrobial group.


Supplementary Table 4
Overall pulmonary infection bacterial microbiology as identified by metagenomic next-generation sequencing (mNGS).
	
	Number of
Pathogens(total=1109)
	Mean
Abundance (%)
	Number of
Samples(total=306)

	Corynebacterium
	98
	5.2
	163(53.3%)

	Mycobacterium
	45
	3.8
	72(23.5%)

	Pseudomonas
	112
	6.8
	185(60.5%)

	Streptococcus 
	105
	7.1
	178(58.2%)

	Tropheryma whipplei
	38
	1.5
	52(17.0%)

	Other Gram-positive
	232
	8.4
	163(53.3%)

	Other Gram-negative
	255
	9.6
	169(55.2%)

	Not available
	224
	2.0
	89(29.1%)


The detected pathogens were classified into nine groups. The table presents the number of pathogens, mean relative abundance, and number of samples for each bacterial group. 


Supplementary Table 5
Quantitative co-occurrence network metrics corresponding to Fig. 6a.
	Metric
	non-SP
	SP

	Number of nodes (V)
	44
	38

	Number of edges (E)
	112
	69

	Average degree (2E/V)
	5.09
	3.63

	Network density (2E/[V(V−1)])
	0.118
	0.098

	Average clustering coefficient
	0.39
	0.31

	Average shortest path length
	3.20
	3.80

	Modularity (Louvain Q)
	0.4
	0.54

	Number of communities
	5
	6


[bookmark: OLE_LINK13]Networks were constructed using Spearman correlations among taxa; edges denote significant positive associations (ρ > 0.60, P < 0.05). Values rounded to two decimals.
Top hubs by degree
non-SP（top-5）: Streptococcus salivarius; Rothia dentocariosa; Gemella sanguinis; Haemophilus parainfluenzae; Streptococcus parasanguinis
SP（top-5）: Streptococcus pneumoniae; Rothia mucilaginosa; Haemophilus influenzae; Gemella haemolysans; Prevotella melaninogenica


[bookmark: _Hlk213709017]Supplementary Table 6
Spearman correlations between selected taxa and clinical indicators
	Pair (Taxon/Index vs Biomarker)
	ρ (pooled)
	ρ (non-SP)
	ρ (SP)
	Fisher z 
	P (two-sided)
	q (FDR)

	K. pneumoniae - CRP
	0.43
	0.21
	0.56
	3.49
	0.0005
	0.005

	K. pneumoniae - PCT
	0.45
	0.18
	0.57
	3.87
	0.0001
	0.001

	K. pneumoniae - SOFA
	0.37
	0.16
	0.49
	3.12
	0.0018
	0.010

	K. pneumoniae - D-dimer
	0.30
	0.14
	0.41
	2.44
	0.014
	0.037

	A. baylyi - CRP
	0.40
	0.19
	0.51
	3.08
	0.002
	0.012

	A. baylyi - SOFA
	0.34
	0.15
	0.45
	2.77
	0.006
	0.021

	C. striatum - CRP
	0.36
	0.12
	0.48
	3.34
	0.0008
	0.006

	Shannon index - SOFA
	−0.48
	−0.32
	−0.58
	2.74
	0.006
	0.021

	Shannon index - IL-6
	−0.41
	−0.28
	−0.52
	2.41
	0.016
	0.040

	R. mucilaginosa - CRP
	−0.22
	−0.34
	−0.18
	1.43
	0.15
	0.22

	R. mucilaginosa - IL-6
	−0.24
	−0.36
	−0.22
	1.28
	0.20
	0.28

	C. striatum - SOFA
	0.33
	0.10
	0.43
	2.99
	0.0028
	0.012


non-SP n=110, SP n=196, total n=306. FDR by Benjamini-Hochberg across tests. Across all patients, pathogen-inflammation and severity pairs are positively correlated, and diversity-severity pairs are negatively correlated. Several correlations are significantly stronger in SP than in non-SP (heterogeneity q<0.05), consistent with severity-dependent disruption of microbial ecology and heightened host response.


[bookmark: _Hlk213716720][bookmark: _Hlk213793569]Supplementary Table 7
A. Alpha-diversity (Shannon index) by severity
	Analysis set
	n (non-SP)
	Shannon, non-SP
	n (SP)
	Shannon, SP
	Δ (non-SP - SP)
	P (Wilcoxon)

	All patients
	110
	2.30 ± 0.46
	196
	1.86 ± 0.43
	+0.44
	<0.001

	Excluding COPD
	98
	2.33 ± 0.45
	154
	1.92 ± 0.41
	+0.41
	0.0008

	Excluding CHF
	104
	2.28 ± 0.46
	172
	1.88 ± 0.42
	+0.40
	0.0012

	No systemic antibiotics before BAL
	68
	2.31 ± 0.47
	122
	1.89 ± 0.44
	+0.42
	0.0014

	Early BAL (ICU stay ≤48 h at BAL)
	74
	2.29 ± 0.46
	130
	1.90 ± 0.42
	+0.39
	0.0023


The cohort excluded patients who had received>24 hours of systemic antibiotics before BAL by design. “No systemic antibiotics before BAL” applies to those with no pre-BAL systemic antibiotics. “Early BAL” limits patients sampled within ≤48 h of ICU admission. Effect sizes are comparable to the primary analysis, indicating robustness to these potential confounders.

B. Multivariable linear model for Shannon diversity
	Predictor
	β (SE)
	95% CI
	P

	SP (vs non-SP)
	−0.38 (0.06)
	(−0.49, −0.27)
	<0.001

	Age (per 10 y)
	−0.03 (0.01)
	(−0.05, −0.00)
	0.031

	Male sex
	−0.02 (0.04)
	(−0.10, 0.06)
	0.64

	COPD
	−0.05 (0.05)
	(−0.15, 0.05)
	0.32

	CHF
	−0.04 (0.05)
	(−0.14, 0.06)
	0.43

	Pre-BAL antibiotics (yes)
	−0.06 (0.04)
	(−0.14, 0.02)
	0.12

	ICU days at BAL (per day)
	−0.03 (0.01)
	(−0.06, −0.01)
	0.04


Severity remained the dominant correlate of alpha-diversity after adjustment.

C. Phylum-level differences (medians of relative abundance, %; BH-FDR q-values)
	Phylum
	non-SP
	SP
	q (All)
	q (Excl. COPD)
	q (Excl. CHF)

	Pseudomonadota
	16.1
	26.5
	0.012
	0.016
	0.015

	Actinomycetota
	17.5
	12.0
	0.018
	0.021
	0.020

	Bacillota
	22.2
	18.0
	0.030
	0.035
	0.033





[bookmark: OLE_LINK17][bookmark: _Hlk218355539]Supplementary Figure 1
Genus-level differential abundance between non-severe and severe pneumonia
Genus-level differential abundance between non-SP and SP. Box-and-dot plots show relative abundance distributions across samples. P values are from two-sided Wilcoxon rank-sum tests and were adjusted using the Benjamini–Hochberg procedure. Significance is annotated on the figure.
[image: ]

Supplementary Figure 2
Species-level differential abundance between non-severe and severe pneumonia
Species-level relative abundance is shown for the taxa displayed in the plot. Points denote individual samples, and box plots summarize the distribution across participants. Two-sided Wilcoxon rank sum tests were applied, and Benjamini-Hochberg adjusted q-values were used to control the false discovery rate. Significance annotations correspond to the adjusted q values. This panel provides organism-level resolution to facilitate clinical interpretation alongside the genus-level LEfSe signatures.
[image: ]
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