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pneumoniae isolates pre- and post-development of meropenem/
vaborbactam resistance
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ABSTRACT Klebsiella pneumoniae carbapenemase-producing K. pneumoniae (KPC-
Kp) are high-priority pathogens. Although meropenem/vaborbactam is a preferred
treatment, resistance can emerge. Two KPC-Kp isolates from the Centers for Disease
Control and Prevention(CDC) Antimicrobial Resistance Isolate Bank were sequenced
before and after development of meropenem/vaborbactam resistance following
treatment with this antibiotic in the hollow fiber infection model (HFIM).
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he Klebsiella pneumoniae carbapenemase (KPC) enzyme is a common carbapene-
mase encountered in carbapenem-resistant K. pneumoniae isolates from patients
in the United States. One of the preferred antibiotics for treatment of KPC-Kp is
meropenem/vaborbactam, which employs a boronic acid-based B-lactamase inhibitor,
vaborbactam, to neutralize the hydrolyzing capabilities of KPC. Resistance to merope-
nem/vaborbactam has been detected in KPC-Kp isolates in vitro (1) and in patients (2)
and is primarily caused by loss-of-function mutations in the outer membrane porins
(e.g., ompK36) and/or increased blagpc copy number. Herein, we provide the complete
chromosome and plasmid sequences for: (i) KPC-Kp isolates AR-1049 and AR-1054 from
the CDC Antimicrobial Resistance Isolate Bank, (i) AR-1049 and AR-1054 grown in the
HFIM for 168 h without antibiotic (identified by suffix “-GC”), and (iii) mutants of these
isolates that each became resistant to meropenem/vaborbactam (MICs >32/8 mg/L)
following antibiotic treatment for 168 h in the HFIM (identified by suffix “-MV"). Bacterial
growth over 168 h in the HFIM was performed at 37°C in cation-adjusted Mueller-Hinton
broth (CAMHB). Fresh CAMHB was continuously infused into the system throughout the
experiment to maintain nutrients and remove waste. Experiments used to generate the Editor Daria Van Tyne, University of Pittsburgh
resistant mutants are described in greater detail in our companion article (3). School of Medicine, Pittsburgh, Pennsylvania, USA
For short-read sequencing of bacteria grown in the HFIM, isolates were initially  aqgess correspondence to Zackery P Bulman,
sub-cultured on MHA, and individual colonies were transferred to Mueller-Hinton broth bulman@uic.edu.
for DNA extraction. A commercial kit (ZymoBIOMICS Quick-DNA MiniPrep Kit) was used
to extract DNA from the samples in accordance with the manufacturer’s protocol. The
final purified DNA was resuspended in 60 uL of the manufacturer-supplied DNA elution
buffer. To generate paired-end reads of 150 bp, libraries were prepared using the lllumina See the related article at https://doi.org/10.1128/
DNA Prep kit (Illumina, Inc.) and then sequenced on an lllumina NovaSeq X. 3ac.01365-25.
For long-read sequencing, a single colony was picked and was grown overnight Received 11 December 2025
in LB at 37°C in a shaking incubator. The following day, DNA was extracted using a  Accepted 16 february 2026
DNA Tissue Kit on the Qiagen EZ2 Connect. Libraries were prepared from unsheared Published 10 March 2026
genomic DNA with the Oxford Nanopore Native Barcoding Kit 24 without size selection. ~ Copyright © 2026 Ozer etal. This is an open-access

. . . article distributed under the terms of the Creative
Long-read sequencing was performed on a GridlON sequencer using R10.4.1 flow cells e dstributec 4 o v
Commons Attribution 4.0 International license.
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run for 72 h, and basecalling was performed using Dorado v7.6.7 using the super-
accurate model (v4.3.0, 400 bp) with a minimum quality score of 10 (https://github.com/
nanoporetech/dorado).

Complete genome sequences were assembled using Autocycler v0.2.1 with default
parameters (4). Briefly, for each genome, eight subsamples of the long read sets
produced by Autocycler were assembled using Flye v2.9.5, Raven v1.8.3, and mini-
asm v0.3, each using default parameters, to generate 24 assemblies (5-8). Assemblies
were reconciled into circular consensus assemblies using Autocycler. Circular assembly
sequences were reoriented using dnaapler v0.8.1 to begin at the dnaA gene (chromo-
some) or repA gene (plasmids) and polished first with Nanopore reads using medaka
v2.0.1 and then with corresponding lllumina reads using polypolish v0.6.0 and pypolca
v0.3.1 (9, 10). Annotation was performed using the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) v6.10. Species were identified by nucleotide BLAST of the assembly 16S
rRNA sequence against the NCBI 16S ribosomal RNA database. Assembly statistics and
accession numbers are provided in Table 1.
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