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The high-risk clone ST167 associated with blaNDM-5 resistance determinant is currently
recognized to be a source of public health concern worldwide (1–4), since it has been

identified even beyond hospital borders, in companion animals, wastewater, rivers, and wildlife
(5–8).

In this work, we characterized an NDM-5-producing Escherichia coli ST167 collected
in Italy from a liver sample of a 4-month-old cat who died from parvovirus hemorrhagic
enteritis. The E. coli strain 167624 was tested for antibiotic susceptibility and sequenced using
both Illumina and Nanopore technologies.

Bacterial identification and antibiotic susceptibility tests were performed with the
semiautomated system MicroScan autoSCAN4 (Beckman Coulter); results were interpreted
according to EUCAST guidelines (v10.0-2020, http://www.eucast.org). The E. coli 167624 strain
showed a multidrug-resistant (MDR) profile, being resistant to all the antibiotics tested, with
the exception of colistin, amikacin, and fosfomycin (Table 1).
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TABLE 1 Antimicrobial susceptibility profile of the ECO167624 strain

Antibiotic MICa (mg/mL) Interpretation
AMK #8 S
AMP .8 R
AMC .8j4 R
AZT .4 R
FEP .8 R
CTX .16 R
CAZ .8 R
CIP .1 R
LEV .1 R
GNT .4 R
COL #2 S
FOS #32 S
ERT .1 R
MER .8 R
PTZ .16 R
SXT .4j76 R
PIP .16 R
TBR .4 R
aAMK, amikacin; AMP, ampicillin; AMC, amoxicillin/clavulanate; AZT, aztreonam; FEP, cefepime; CTX, cefotaxime;
CAZ, ceftazidime; CIP, ciprofloxacin; LEV, levofloxacin; GNT, gentamicin; COL, colistin; FOS, fosfomycin; ERT,
ertapenem; MER, meropenem; PTZ, piperacillin-tazobactam; SXT, trimethoprim-sulfamethoxazole; PIP,
piperacillin; TBR, tobramycin; S, susceptible; R, resistant. Susceptibility results were interpreted according to the
European Committee on Antimicrobial Susceptibility Testing (EUCAST, 2020) criteria.
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Genomic DNA was sequenced via both Oxford Nanopore MinION, with library FLO-MIN106
(rapid barcoding kit SQK-RBK004), and Illumina MiSeq platform (Nextera XT library preparation
kit, with a 2 � 250 paired-end run), after extraction with DNeasy blood and tissue kit (Qiagen).
A complete hybrid genome was obtained (genome size of 5,141,416 bp, chromosome
sequence of 4,849,672 bp) using Unicycler v0.4.8-beta (9). A main plasmid, pGA_EcoNDM5
(size of 100,291 bp), harboring the blaNDM-5 gene was detected and annotated (Fig. 1,
and see supplemental material).

In silico multilocus sequence type (MLST) analysis showed that the strain ECO16724
belonged to the high-risk clone ST167 (MLST Achtman scheme), phylogroup A, and serotype
O101:H9.

Investigation of the resistance genes content highlighted the copresence of multi-
ple b-lactamase determinants, including the plasmid-borne blaNDM-5 and blable, as
well as blaAmpH and blaAmpC1 on the chromosome. In addition, virulence factors associ-
ated with flagellar motility (Fli/Flg family), fimbriae (fimF, fimG), and siderophore (ybtT, iucA)
were detected on the chromosome and on the pGA_NDM5 plasmid. Resistance determi-
nants included blaNDM-5, blable, blaAmpH, blaAmpC1, gyrA (S83L, D87N), parC (S80 I),
parE (S458A), mph(A), tet(A), tet(R), aac(3)-Ila, aadA2, sul1, and dfrA12. Virulence determi-
nants included fliN, fliM, fliL, fliJ, fliA, flgH, flgG, flgD, flgC, flgB, fimF, fimG, ybtT, iucA, cea,

FIG 1 Graphical representation of the pGA_EcoNDM5 plasmid sequence. Colored arrows represent genes or coding regions: red, blaNDM-5 gene; purple,
antimicrobial resistance genes; yellow, insertion sequences (IS) and transposons; blue, aerobactin operon and virulence genes; fuchsia, incompatibility group.
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capU, fyuA, gad, hra, irp2, and aerobactin operon. The pGA_EcoNDM5 belonged to the
IncFIA with an identity score of 99.48%.

To place the ECO16724 isolate within the proper taxonomic context, a coreSNP phylogeny
was inferred (see supplemental material). The phylogenetic analysis (Fig. 2) showed ECO167624
to be part of a clade including blaNDM-5-positive strains: four from human and dog sources in
Switzerland (2017 to 2018) and one, LR880734.1, from a dog in Italy (2019).

The comparison of the blaNDM-5 genetic environment among the plasmids of the
strains within this clade highlighted a high similarity, showing the same NDM-carrying
integron (Fig. S1).

Transmission between animals and humans of ST167 NDM-5-producing E. coli has been
already demonstrated in a familiar context (7). Although we were not able to trace the ori-
gin of the here-presented ECO167624 strain, a human-animal transmission event could be
hypothesized. In Italy, the blaNDM-5 gene is to date associated mainly with human clinical
cases (1, 2), but our results raise the hypothesis that community could represent a hidden
reservoir of NDM-5-producing ST167 high-risk clone.

The ability to trace rapidly the source of infection is of particular relevance in a globalized
world, where the boundaries among the different settings (humans, environment, animals)
are continuously crossed by bacteria. Hence, the standardization of tools and user-friendly

FIG 2 CoreSNP-based phylogeny of the 50 E. coli strains closest to ECO167624 retrieved from PATRIC database.
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platforms for the genomic surveillance, such as Pathogenwatch and BacWGSTdb 2.0 (10, 11),
is acquiring an increasingly pivotal role.

The increased reports of MDR clones in the hospital, community, and environment surely
sound like an alarm bell, suggesting the appropriateness of the “One-Health” approach.

Data availability. The nucleotide sequence of the strain ECO167624 was submitted
to NCBI with the following accession codes: BioProject ID PRJNA816063 and BioSample
SAMN26656496.
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