Extended Data Figure Legends
Extended Data Fig. 1 | Assessment of the efficiency of our optimized experimental pipeline and statistics about the prevalent species.
The experimental method: (1) ‘NBT+PowerWater’ refers to a combination of the previously reported method for host DNA depletion, followed by Qiagen PowerWater for the extraction of the remaining total DNA; (2) ‘CMEM’ represents our newly developed chelex100-based low-biomass microbial-enrichment method. See the Methods for detailed information.
(a) Bar plot showing the fraction of samples that yielded sufficient DNA (detectable DNA concentrations as measured by Qubit) using the two methods.
(b) Box plot showing the final yield of DNA concentration for samples processed using the two listed methods. Significance was determined using the Wilcoxon rank sum test (Mann–Whitney U test). The exact p-value is directly annotated on the plot.
(c) Panels showing the proportion of yielded microbial reads (left) and the increased fold in the proportion of microbial reads compared to previous studies(right). The red dashed line denotes the value of 1%, corresponding to the proportion of microbial reads identified in previous studies.
(d) Panel showing the Shannon (left) and Simpson (right) microbiome alpha diversity in the control and treatment group. The control group represents samples processed with direct DNA extraction. The treatment group represents samples processed using the CMEM. Significance was determined using the two-sided Wilcoxon rank sum test. The exact p values are directly annotated on the plot.
(e) Principal component analysis (PCA) on microbial genus-level relative abundances was performed to visualize microbial population variation between the control and treatment groups. The control group represents samples processed with direct DNA extraction. The treatment group represents samples processed using the CMEM. The F-ratio and associated p-value calculated with Adonis analysis are shown.
(f) Percentage of detected samples for the top 5 dominant microbial species present in the lower respiratory tract (LRT) of patients from Hospital A (red), Hospital B (yellow), and Hospital C (blue), respectively. 
(g) Box plot showing the Bray–Curtis dissimilarities for all three microbiome profiles among patients hospitalized within the same ICU and those in different ICUs.
Extended Data Fig. 2 | Comparisons and functional landscape of the microbial profiles.
(a) The box plots indicate the relative abundance of four species in samples collected from each hospital. Panels are ordered in the following order: Acinetobacter, Corynebacterium, Klebsiella, and Streptococcus. Significance was determined using the Wilcoxon rank sum test (Mann–Whitney U test). The exact p-values are directly annotated on the plot.
(b) Heatmap depicting the top 20 significantly enriched functional pathways in each hospital. Significance was determined using the Kruskal-Wallis H-test. The blue stars denote the p-value < 0.001, and the red stars denote the p-value < 0.0001.
(c) Panels showing the clinical variables (OI, left; the percentage of neutrophils, right) between patients with one consistent dominant species and multiple dominant species during intubation. Significance was determined using the Wilcoxon rank sum test (Mann–Whitney U test). The exact p values are directly annotated on the plot.
Extended Data Fig. 3 | Comparative analysis of the resistome.
(a) Average abundance and frequency of each ARG type across the three different hospitals. The frequency means the detection rates of each ARG type in samples collected from each hospital, and the average abundance of each ARG type is log10 transformed. The dashed box highlights the high prevalence of the Multidrug ARG type across all three hospitals.
(b) Bar plots demonstrating the variation in ARG subtypes in each hospital. Each ARG subtype is represented by its respective color.
(c) Panels showing the total ARG abundance of the 3 ARG types (macrolide-lincosamide-streptogramin, tetracycline, sulfonamide, and chloramphenicol) in samples collected from each hospital. Significance was determined using the Wilcoxon rank sum test (Mann–Whitney U test). The exact p-values are directly annotated on the plot.
(d) The sPLS-DA plot showing the separation of resistome profiles in samples collected from three hospitals.
(e) The top 10 ARG subtypes contributing to the separation along with component 1 and component 2 of sPLS-DA analysis.
(f) Overview of 81 significant associations between ARG subtypes (top; yellow) and clinical variables (bottom; blue). Associations were calculated by using linear mixed models, with age, sex, BMI, and sampling adjusted as confounders (FDR <0.05).
(g and h) Box plots showing the abundance of (g) smeC and (h) aph(3')-IIb  genes with days in the ICU. Time points are indicated in the brackets. Significance was determined using the Wilcoxon rank sum test (Mann–Whitney U test). The exact p values are directly annotated on the plot.
Extended Data Fig. 4 | Relationships among microbiome, resistome, and oxygenation index.
(a) The congruence between LRT microbiome and resistome composition across three hospitals. Each line with circle and triangle ends indicates the microbiome and resistome of the same LRT sample. The fit of overall Procrustes transformation (M2) and p-value are shown.
(b) Dot plot showing the Spearman correlation between the total ARG abundance (log-transformed) and the alpha diversity (Shannon index) for samples collected from each respective patient. The dots are colored according to the sign of the correlation coefficient: red for positive correlation, blue for negative correlation, and gray for no correlation.
(c) Panels showing the examples of anti-correlation of microbiome alpha diversity (left y-axis) and total ARG abundance (log-transformed, right y-axis) of the LRT microbiome of patients during intubation.
[bookmark: _GoBack](d) Box plot showing the microbiome alpha diversity in the 'low OI' and 'high OI' groups. Significance was determined using the two-sided Wilcoxon rank sum test (Mann–Whitney U test). The exact p-value is directly annotated on the plot.
Extended Data Fig. 5 | Comparison of antibiotic resistance and virulence gene profiles between strains.
(a) Heatmap highlighting the distribution of ARG classes. The total number of ARG classes identified in each strain is denoted by the color depth in the heatmap. Colored strips (left) indicate the species-level taxonomy of each strain. The dashed boxes indicate the variation of ARG classes among strains in Corynebacterium striatum and Stenotrophomonas maltophilia.
(b) Spearman's rank correlation between the number of ARGs and the number of VFs identified in these five pathobiont species. The p-value and rho are annotated on the plot.
(c) Panels showing the variations of ARG profile among strains collected from each hospital. The F-ratio and associated p-value calculated with Adonis analysis are shown.
(d) Panels showing the variations of virulence gene profile among strains collected from each hospital. The F-ratio and associated p-value calculated with Adonis analysis are shown.
[bookmark: header-n30]Extended Data Fig. 6 | Overview of the mobilome content and plasmid comparisons.
(a) Bar plot showing the prevalence of the top six most abundant mobile genetic elements (MGEs) identified in the LRT microbiome.
(b) Bar plot showing the most prevalent transferable ARGs identified in the LRT microbiome.
(c) Percentage of detected samples for the 10 microbial species present in the LRT microbiome from Hospital A (red), Hospital B (yellow), and Hospital C (blue), respectively. EHMOS represents a group of less prevalent opportunistic pathogens including Elizabethkingia anophelis (E), Haemophilus influenzae (H), Prevotella melaninogenica (M), Prevotella oris (O), and Neisseria subflava (S).
(d and e) Box plots showing the percentage of detected samples (d) and the number of identified MGEs (e) for the five more prevalent species and EHMOS. More prevalent species include Acinetobacter baumannii, Corynebacterium striatum, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Stenotrophomonas maltophilia. (f and g) Panels showing the pairwise comparisons of aligned regions among closely related plasmids collected from Acinetobacter baumannii (f) and Klebsiella pneumoniae (g), respectively. Additional metadata, including NCBI RefSeq ID, sampling site, and collection time of each plasmid sequence, is annotated on the plot. The metadata for the plasmid assembled from our samples is highlighted with red text. Frequent plasmid chromosomal reorganizations could be observed.
(h) Pairwise average nucleotide identity analysis of a highly conserved plasmid in Klebsiella pneumoniae. Additional metadata, including the NCBI RefSeq ID, sampling site, and collection time of each plasmid sequence, is annotated on the plot. The metadata for the plasmid assembled from our samples is highlighted with red text.
[bookmark: header-n32]Extended Data Fig. 7 | Phylogenetic relationships and recombination hotspots in Acinetobacter baumannii and Klebsiella pneumoniae strains.
(a) Panels showing the distribution of identified synonymous (blue) and nonsynonymous (red) SNPs in the coding regions of Corynebacterium striatum, Pseudomonas aeruginosa, and Stenotrophomonas maltophilia.
(b) Phylogenetic tree of 444 publicly available Acinetobacter baumannii genomes from the NCBI database and 27 additional genomes assembled from our samples. A distantly related strain (GCA_014171935.1) was used as an outgroup for phylogenetic analysis. The Acinetobacter baumannii strains derived from our samples are highlighted with red branches. The red star represents 100% bootstrap support.
(c) Phylogenetic tree of 1640 publicly available Klebsiella pneumoniae genomes from NCBI database and 13 additional genomes assembled from our samples. A distantly related strain (GCA_013426775.1) was used as an outgroup for phylogenetic analysis. The Klebsiella pneumoniae strains derived from our samples are highlighted with red branches. The red star represents 100% bootstrap support.
(d) A combination of the phylogenetic tree, associated metadata, and genomic information showing the distribution of detected recombination blocks in our Acinetobacter baumannii strains. The phylogenetic tree was constructed based on the alignment of non-recombinant regions in the core genome. Each specific node in the phylogenetic tree is labeled with the associated patient ID, indicating the host of the corresponding Acinetobacter baumannii strain. Red blocks indicate the detected recombination blocks in each cluster. Blue blocks indicate the detected recombination blocks in single isolates.
(e and f) Nucleotide diversity and detected recombination blocks across the genome of Klebsiella pneumoniae are shown in (e) and (f), respectively. (f), Clusters are constructed using the phylogeny of our Klebsiella pneumoniae strains based on the Gubbins outputs. Blue blocks indicate the detected recombination blocks in the genome. The value of r/m represents the ratio of the number of SNPs introduced through recombination relative to those arising through random mutation outside recombination blocks.
(g and h) Summary of the top 15 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways identified for the genes with shared missense SNPs among strains of Acinetobacter baumannii (g) and Klebsiella pneumoniae (h). The x-axis denotes the proportion of each KEGG pathway identified in the set of genes with shared missense SNPs.

Supplementary table legends
Table S1. Demographic factors, clinical variables, and treatment characteristics for ICU patients in three hospitals.
Table S2. Comparison of the relative abundance of genus-level taxa identified in 16 replicate samples from both control and treatment groups. The control group represents samples processed with direct DNA extraction. The treatment group represents samples processed using the CMEM.
Table S3. The bacterial species detected in metagenomic sequencing of negative controls.
Table S4. Comparison of species identified in clinical microbiology culture and metagenomic sequencing.
Table S5. List of species-level taxa identified in our LRT samples and the frequency of detection for each species. A microbial species was considered detected if there were over 500 rpM assigned to that species in the Kraken2 outputs.
Table S6. Statistics of the 433 metagenome-assembled genomes (MAGs), their taxonomy, and quality assessments based on GTDB outputs.
Table S7. List of ARG subtypes identified in our LRT samples and their frequency of detection in each hospital.
Table S8. Metadata for the strain transmission events that occurred in each hospital, including hospitalization period for each patient, ICU room type, the taxonomy of the transmission strain, and summary statistics for SNP-level analysis.
Table S9. List of plasmids recovered from our LRT samples and statistics for describing the mapping quality, patient source, and sampling site for each plasmid.
Table S10. Functional annotation for the genes in the recombination hotspot region (near 3,000,000 bp) of Acinetobacter baumannii using the eggNOG 5 database. The locus tag number for each gene was related to Fig. 7e.
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