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Dear Editor,

In Latin America, the detection of carbapenemase-producing
strains, especially Klebsiella pneumoniae, has increased during the
COVID-19 pandemic. Carbapenem-resistant strains typically har-
bour other antimicrobial resistance genes (ARGs), leading to the
extensively drug-resistant profile, which is worrying [1]. The en-
vironment plays a key role in the development and spread of
antimicrobial resistance [2]. In this context, it is assumed that
clinically relevant carbapenemases, even the double detection of
them, may already be spreading in aquatic ecosystems; however,
data remain limited. Here, we report the occurrence of novel
carbapenemase-producing K. pneumoniae sequence type (ST) 6326
in aquatic ecosystems and the genomic analysis of a representative
blanpm-1-positive strain.

Between June and July 2021, a study of carbapenem-resistant
K. pneumoniae strains isolated from surface waters in the state of
Sdo Paulo, Brazil, was conducted. Eighty-six water samples from
58 cities were collected and filtered by membrane filters, which
were placed on MacConkey agar (Kasvi, Spain) supplemented with
4 mg/L of meropenem. Subsequently, random lactose-fermenting
colonies were selected and stored. Genomic DNA was extracted
by PureLink™ Genomic DNA Mini Kit (Thermo Fisher Scientific,
USA), and the strains were identified molecularly (Supplementary
Table S1). Disk diffusion and broth microdilution methods were
performed to determine the antimicrobial susceptibility. Molecu-
lar typing and detection of ARGs, virulence genes, metal tolerance
genes, and plasmid replicons were performed using conventional
polymerase chain reactions followed by Sanger sequencing (Sup-
plementary Tables S2 to S6).

Four blanpy-1-producing K. pneumoniae strains were obtained
from four aquatic ecosystems of different cities (4/86, 4.7%) (Sup-
plementary Fig. S1). These strains were extensively drug-resistant
(XDR) but susceptible to amikacin, minocycline, and tigecycline.
Several ARGs, including the coexistence of blayppm.1 and blacrx.um-1s,
virulence genes, metal tolerance genes, and plasmid replicons,
were identified, evidencing similar genotypes. The molecular typ-
ing analysis revealed that all isolates belonged to the ST6326-
KL151 (wzi:143) (Supplementary Table S7). This new ST was as-
signed in January 2023 to a clinical KPC-33-positive strain, named
186_21, isolated from human tracheal secretion in 2021 in the city
of Sdo Paulo. The ST6326 is a single locus variant (new 605 allele
of phoE) of ST340/CG258, which is an international high-risk clone
closely related to extensive drug resistance and high pathogenicity
[3]. Curiously, the environmental strains were obtained from the
same Brazilian state and year as the 186_21 strain. In this con-
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text, a representative environmental ST6326 strain (EW1149) was
selected for the whole-genome characterization.

The whole-genome sequencing was performed using the II-
lumina MiSeq platform (Illumina, Inc.,, USA). The draft genome
was de novo assembled by SPAdes v.3.15.2 and annotated us-
ing RAST (https://rast.nmpdr.org/rast.cgi). Molecular typing, sin-
gle nucleotide polymorphism (SNP), resistome, virulome, and
plasmid replicons were determined using programs available
at the BIGSdb-Pasteur (https://bigsdb.pasteur.fr/) and the Cen-
ter for Genomic Epidemiology (http://www.genomicepidemiology.
org/). Plasmid contigs were predicted by mlplasmids (https://
sarredondo.shinyapps.io/mlplasmids/), and the plasmids were as-
sembled using a multi-pronged hybrid de novo strategy. The
plasmid sequences were manually curated by Geneious Prime®
v.2023.0.4, BLASTn (https://blast.ncbi.nlm.nih.gov/Blast.cgi), and IS-
finder (https://www-is.biotoul.fr/index.php).

Resistome analysis showed that the EW1149 strain pre-
sented ARGs to B-lactams (blanpwm.1, blacrx-m-15, blaoxa-1, blaoxa-g,
blatgm-1a, blatgm-1s, and blasyy_11), aminoglycosides [aadA1, aac(3)-
Illa, aac(6’')-1b3, aph(3”)-1b, aph(3’)-VI, and aph(6)-I1d], fluoro-
quinolones [gqnrB1, aac(6’)-Ib-cr, oqxA, and ogxB], tetracyclines
[tet(A)], folate pathway antagonists (sul2), trimethoprim (dfrA14),
phenicols (AcatB3), and fosfomycins (fosA) as well as mutations
in determinants of resistance for fluoroquinolones, cephalosporins,
carbapenems, and colistin. Virulome analysis showed genes en-
coding enterobactin (entB), aerobactin (iutA), and type 3 fimbriae
(mrk cluster). Furthermore, tolerance genes to arsenic (arsRDABC),
copper (pcoABCDRSE), and silver (silESRCBAP) were identified. Fi-
nally, EW1149 strain harboured different plasmid replicons, includ-
ing IncC3, IncFII(K), IncFIB(K), Col4401, and ColpVC. Overall, the
EW1149 strain differed from the 186_21 strain mainly by the pres-
ence of different carbapenemases (Supplementary Fig. S2; Supple-
mentary Table S8). SNP-based phylogenetic analysis showed differ-
ences of 30 SNPs between 186_21 and EW1149 genomes.

A multireplicon plasmid (~248 kb) belonged to IncFII(K7)-
IncFIB(K), named pEW1149-1, that co-carried multidrug resis-
tance and multimetal tolerance regions was detected by map-
ping plasmid sequences onto the 186_21 genome. On this plas-
mid, the blacrx.m.15 gene was associated with ISEcp1-blacrx.m-15-
Aorf477-ATn3-like. Furthermore, an IncC3 plasmid (~136 kb),
named pEW1149-2, harbouring blaypym.1, aph(3’)-VI, and sul2,
was also identified. This plasmid shared high query coverage
(97%) and nucleotide identity (99.99%) with blaypy.1-bearing
IncC3 plasmids from Vibrio parahaemolyticus, Citrobacter freundii,
and Escherichia coli of seafood and spiny eel fish from Ger-
many and Vietnam. Contrastingly, the region harbouring the
blaypm-1 gene on IncC3 plasmids contained a Tni125-like trans-
poson with different gene rearrangements and absence of the
downstream ISAba125. On the pEW1149-2, the genetic context was
ISAba125-blanp-1-bleypy -trpF-tat-cutA- AgroES-groEL, whereas on
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Fig. 1. Genetic context of blaypym.; in IncC3 plasmids from the environment (pEW1149-2, GenBank accession number JARVRB010000002), imported seafood (pVB32-18,
GenBank accession number MN380474), and spiny eel fish (pCF20-4P-1-2, GenBank accession number AP026942; pEC20-4B-2-2, GenBank accession number AP026939).
Red, green, and black arrows indicate genes related to antimicrobial resistance, insertion elements, and others, respectively. Black rectangles indicate inverted repeat (IR)
sequences as follows: left (IRL) or right (IRR). The grey shading represents shared regions of homology.

the others it was AISAba125-1SAs25-AISAba125-blanpy-1-blempL-
trpF-Atat-1S26. All plasmids contained ISAba14-aph(3’)-VI upstream
of Tni125-like (Fig. 1). In this regard, the two regions harboured
backbones genes linked to the spread of the blaypy.; gene [4,5].

In summary, we report XDR ST6326 strains emerging from
the clinical sector in Brazilian aquatic ecosystems. These findings
demonstrate the early dissemination of this clone to the environ-
ment, highlight its adapting and evolution, and evidence a possi-
ble successful expansion in the One Health perspective. Therefore,
continuous monitoring and genomic analysis of XDR strains are es-
sential for a better understanding of antimicrobial resistance in the
post-pandemic period.

Nucleotide sequence accession numbers

Nucleotide sequences of K. pneumoniae EW1149 have been de-
posited at GenBank under accession numbers: JARVRB010000000
(whole-genome shotgun sequencing project), JARVRBO10000001
(pPEW1149-1 plasmid), and JARVRB010000002 (pEW1149-2 plas-
mid).
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