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Three medical and surgical wards at UCSC, Rome, were included in this study, totalling 115 beds: general surgery (45 beds), infectious diseases (40 beds), and internal medicine (30 beds). Consenting adult patients (≥ 18 years of age), excluding pregnant women, admitted to any of the non-ICU wards during the study period, were included.
During hospitalisation, NA-ESBL patients receiving antibiotic therapy (per os and/or intravenously) were screened for ESBL at the start of antibiotic treatment, and weekly follow-up screening until the 30th day after the start of antibiotic therapy. For patients discharged earlier than day 30, screening was performed in the outpatient clinic whenever possible. 
Phenotypic ESBL detection and antibiotic susceptibility testing
Rectal swab specimens were collected using flocked swabs (Copan, Brescia, Italy), inoculated in 5 ml of antibiotic-free tryptic soy broth (TSB), and incubated for 18-24 hours at 37oC. After overnight culture, a 50-μl aliquot of the TSB was inoculated onto a selective chromogenic Brilliance ESBL Agar plate (Oxoid, UK) for the screening of ESBL-E. Single colonies for each distinct morphology observed on the agar plate were subjected to species confirmation using MALDI-TOF (Bruker, Germany) according to the manufacturer’s recommendations. 
The ESBL phenotype of identified colonies was confirmed by double disk diffusion synergy test (DDST) using ceftazidime (30-μg), cefotaxime (30-μg), or cefepime (30-μg) discs with and without clavulanic acid (10-μg) according to EUCAST guidelines and interpretative criteria. 
In vitro susceptibility to expanded-spectrum cephalosporins (cefotaxime, ceftazidime, cefoxitin, and cefepime), ciprofloxacin as well as to seven other antibiotics (aztreonam, piperacillin/tazobactam, ertapenem, meropenem, fosfomycin, gentamicin, and trimethoprim/sulfamethoxazole) belonging to six antimicrobial categories was determined by disk diffusion using antibiotic discs (BD BBL, Germany), and results were interpreted according to CLSI M100-E30 guidelines (1). 
Whole-genome sequencing 
A total of 366 ESBL-Ec isolates were selected for sequencing. To study the intra-host bacterial populations, we selected patients from whom at least two ESBL-Ec isolates were isolated. The percentage of sequenced isolates was balanced between the PA- and HA-ESBL cohorts. All screening and clinical isolates from patients found both colonised and infected by ESBL-Ec were sequenced to perform comparative analyses on colonising and infecting ESBL-Ec isolates. 
For short-read sequencing, whole-genome DNA was extracted using MasterPure Complete DNA and RNA Purification Kit (Epicentre, USA). The Nextera XT kit (Illumina Inc.) was used for library preparation, and 2x250bp paired-end sequencing was performed on MiSeq (Illumina Inc., USA). Post sequencing, adapters and low-quality sequences were trimmed off the raw reads using Trim Galore and de novo assembly was performed using SPAdes v3.11.1 (2), both implemented within Bacpipe (3, 4). The quality of the assemblies was checked for assembly metrics, completeness and contamination using QUAST (5) and CheckM (6). Assembled genomes that had either >500 contigs, contamination index >5.0, or strain heterogeneity index >50.0 were excluded from the genetic analyses. 
Long-read sequencing was performed on nine ESBL-Ec ST131 isolates collected from 5 PA- and 4 HA-ESBL patients. Six ESBL-Ec ST131 were long-read sequenced on PacBio (Pacific Biosciences, USA), while the other three were sequenced on the MinION platform (Oxford Nanopore Technology, UK). High molecular weight genomic DNA was extracted using MagAttract HMW DNA extraction kit (Qiagen, Germany). For long-read sequencing using the Pacific Biosciences platform, an SMRT cell library was prepared using SMRTbell Template Prep kit 1.0 (Pacific Biosciences, USA), and sequencing was performed on Sequel with 10-hour movie time using single-molecule real-time (SMRTCell) 1M v3 (Pacific Biosciences, USA). SMRT Analysis portal version 7.0 was used for de-multiplexing and filtering with default parameters and de novo assembling using the Hierarchical Genome Assembly Process (HGAP).
For sequencing using Oxford Nanopore Technology, a multiplexed library was prepared using 1D Native barcoding genomic DNA kit and Ligation sequencing kit 1D SQK-LSK109 (Oxford Nanopore Technology, UK). The library was loaded onto the FLO-MIN106 SpotON R9.4.1 flow cell and sequenced for 24 hours using a MinION instrument (Oxford Nanopore Technology, UK). Unicycler v0.4.8-beta was used to generate hybrid assembly from the Nanopore long reads and Illumina short reads. 
Genotypic analysis
The BacPipe pipeline (3) was used to annotate the scaffolds (Prokka) and to identify multilocus-sequence types (MLST), acquired antibiotic resistance (AMR) genes (ResFinder), virulence genes (VirulenceFinder), and plasmid incompatibility (Inc) types (PlasmidFinder). Virulence genes were also identified by Abricate (7) using the VFDB database (8). Gene and sequence hits were reported when the query sequence covered at least 60% of the length of the best subject with an identity of at least 90%. Detected virulence genes were classified into seven function groups: adherence, autotransporter, invasion, iron uptake, secretion system, toxin and miscellaneous, according to the VFDB database accessed in May 2021 (8). Variants of the fimbrial adhesion gene, fimH, were identified using FimTyper (9). 
For the comparison of the virulence profile within phylogroup B2, we included 394 non-ST131 genomes downloaded from Enterobase (10) (accessed in November 2021). These 394 genomes belonged to 8 clinically significant STs of phylogroup B2 (ST73, ST95, ST12, ST127, ST141, ST372 and ST144, n = 50 genomes per ST, and 44 genomes of ST14). 
Phylogenetic analysis
To identify the population structures of all local ESBL-Ec, phylogenetic analysis was performed on all sequenced ESBL-Ec regardless of STs. The genome of E. coli K12 MG1655 (accession number NC_000913.3) was used as the reference. 
The local population structure of ESBL-Ec ST131 was also phylogenetically analysed. Subsequently, the local ST131 genomes were compared to a collection of 1719 publicly available ST131 genomes from 26 countries (11 genomes with unknown country of origin) on six continents from 1985 to 2017 (Additional file 4: Table S3). These genomes were from databases previously described (11, 12, 13). Of the genomes with available information, the collection consisted of 1015 ESBL and 516 non-ESBL ST131 genomes. 
Due to the limited number of ST131 genomes from Italy in the global collection, we included additional fourteen ST131 genomes from Italy downloaded from Enterobase (on 20 Dec 2022). The closed genome of ST131 E. coli EC958 (accession number: HG941718, Forde et al., 2014) was used as a reference. 
Parsnp v1.5.3 was used to construct core-genome multiple alignments, while Gubbins v2.4.1 was used to detect and remove recombination (14). Maximum likelihood phylogenies were constructed using RAxML v8.2.12 (15) with 100 bootstraps under the General Time Reversible substitution matrix of the GTR+I+G model. The phylogenetic tree was midpoint rooted and visualised using iTol v6 (16). 
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