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The carbapenemase-carrying hvKp (CR-hvKp) genomes belonged mainly to ST11 (n=227), ST23 (n=207), ST65 (n=59), and carried the KL64 (n=226), KL1 (n=218) and KL2 (n=108). Indeed, ST11 has been recognized as the predominant ST among carbapenem-resistant K. pneumoniae genomes [1]. The main combinations were ST23 with KL1 (n=207) and ST11 with KL64 (n=221). ST11-KL64 has been identified as a prevalent clone of blaKPC-producing K. pneumoniae in China. This clone has been shown to acquire hypervirulence traits through virulence plasmids, thus contributing to the dissemination of this particular ST [2]. The distribution of CR-hvKp genomes was predominantly centered in Asia (538/667, spanning 14 countries), where ST11 (225/538) and ST23 (114/538) were the most common sequence types. Europe accounted for 98/667 genomes (13 countries), with ST23 representing the majority (80/98). A noteworthy observation is that 419/538 (78%) Asian genomes were from China (mostly ST11; n=219/419), while 63/98 (75%) European genomes were from Ireland (all ST23; n=63/63). 
Carbapenem resistance in ST23 has been documented in 2012 in Russia and Germany [2] yet our analysis indicates its emergence in 2008 in China. In addition, the blaOXA-48 carbapenemase was identified as the predominant carbapenemase in this ST (78/207 ST23 CR-hvKp genomes), as previously reported [2]. However, the blaKPC-2 carbapenemase exhibited a comparable distribution (67/207 ST23 genomes) (Table S2). Although the convergence of the hypervirulent ST23 with carbapenem resistance in Europe appears to be strictly associated with the blaOXA-48 gene [3], ST23 genomes with other carbapenemase genes have been identified, including blaVIM-1 (n=3), blaOXA-181 (n=1), blaNDM-1 (n=1), blaKPC-2 (n=1), blaKPC-3 (n=1) (Table S2). Conversely, blaKPC-2 was the most prevalent carbapenemase among Asian CR-hvKp genomes (406/538), occurring notably in ST11 (n=221) and ST23 (n=59). In particular, blaKPC-2-carrying ST11 is known to be endemic and persistent in China [4,5]. In fact, these regional patterns mirror the evolutionary dynamics described by Wu et al. (2025), who showed that antibiotic-use intensity shapes the stability of resistance-virulence convergence in K. pneumoniae CG23. In high-pressure settings such as Asia, blaKPC-2 is favored, whereas in Europe, where selective pressure is lower, blaOXA-48 remains dominant. Their work also demonstrated that carbapenemase and key virulence genes coexist poorly in nonselective environments, which helps explain why convergence events remain uncommon and geographically structured, consistent with the patterns observed here.
The hvKp genomes carrying mcr genes encompassed 17 genomes from China (n=9), Japan (n=4), Taiwan (n=2), the USA (n=1), and France (n=1). The mcr8.2 and mcr9.1 alleles were identified in three and 14 genomes, respectively (Table S3). It was possible to identify that for 7/17 genomes (with diverse STs) the mcr gene was located in contigs predicted as plasmids (6/17 conjugative plasmids). The mcr8.2-harboring plasmids exhibited a size range of 45 to 110 kb, with the rep types IncFIA, IncFII, and/or rep_cluster_1418 (Table S3). In contrast, the mcr9.1-harboring plasmids demonstrated a size range of 294 to 331 kb, with the rep types IncHI2A and rep_cluster_1088 (Table S3). The mcr9.1-harboring plasmids also carried several other ARGs (Table S3). Indeed, IncHI2 "superplasmids" with multiple resistance genes have already been reported in clinical carbapenem-resistant Enterobacterales [7] and is the predominant plasmid type disseminating mcr9 [8], including Enterobacter cloacae complex species [9]. Curiously, among the mcr9.1-carrying genomes, GCA_040758675.1 (ST23) was the sole genome that carried both the mcr and carbapenemase genes within the same plasmid (JBEWOI010000002.1) (Table S3). This plasmid exhibited the mcr9.1 gene associated with an IS5 family IS903B transposase. In addition, the blaIMP-26 gene was found to be associated with a class I integron, arranged as intI1, blaIMP-26, ltrA, qacEΔ1 and sul1. Blast analysis of this plasmid indicated a high coverage (93%) and identity (99%) with E. cloacae plasmid pIMP26, which also presents the blaIMP-26 gene in an integron in the same ordering [10]. This integron organization has also been reported in another K. pneumoniae plasmid in association with other ARGs [11]. Thus, this integron appears to be mobilized among the Enterobacteriaceae. To the best of our knowledge, the co-occurrence of the mcr9 and blaIMP-26 genes has not been previously documented in K. pneumoniae, and in this study, they were identified in a hvKp genome recovered from sputum in China in 2022.
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