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Objectives: Carbapenemase-producing Enterobacterales (CPE) represent a serious health care concern and
their spread in animals has become alarming. Following several cases of CPE infections in a companion animal
clinic, the role of the clinic backyard lawn used for dog relief walks of hospitalized dogs as a CPE reservoir has
been investigated over a 4-year period (2020-2023).

Methods: Soil surface samples were taken through application of sterile wipes. After enrichment in Mueller-
Hinton broth and selection on CHROMID® (OXA-48, CARBA) agar plates, isolates were identified by MALDI-TOF
MS. CPE isolates were submitted to microdilution antimicrobial susceptibility testing and sequenced with short
(Illumina) and long (ONT) read technologies to obtain complete circular genomes to perform antimicrobial re-
sistance gene screening, phylogenetic (cgMLST, cgSNPs) and plasmid analyses.

Results: A total of 32 CPE representing eight different species were isolated, with E. coli (n=15) and E. hormae-
chei (n=7) being predominant. Genome-wide typing identified 11 different subtypes of E. coli and three of E.
hormaechei, highlighting bacterial diversity. Thirty CPE contained an identical 63 589-bp IncL plasmid only dif-
fering by inversion of the blapxa-4g-containing transposon (Tn1999.2, invTn1999.2), and two CPE contained a 51
479-bp blapxa-181-containing IncX3 plasmid. Strains associated with infections or carriage in hospitalized pets
were also present in the lawn.

Conclusions: The canine relief area of a veterinary clinic was identified as a long-term environmental reservoir
for CPE, mainly due to the hyperepidemic blaoxa-4g-positive IncL plasmid spreading between various bacterial
species, emphasizing the urgent need for an extended hygiene concept including the outdoor environment.

Introduction

Carbapenemase-producing Enterobacterales (CPE) are a leading
cause of human healthcare-associated infections with limited
treatment options and are associated with high morbidity and
mortality." CPE can rapidly spread, challenging infection preven-
tion and control (IPC) management and posing the risk of further
disseminating within the community and environment.** So far,
less frequently than in humans, CPE have also been detected in
animals and veterinary health care settings, causing infections
in companion animals, colonizing both companion animals and

personnel, and contaminating the veterinary clinic environment.
Once colonized at the gut level, animals may become silent
spreaders of CPE to other animals and humans through close
contact and to the environment during convenience walks.*®
In Switzerland, several reports already mentioned the con-
cerning presence of CPE in companion animal veterinary settings,
with OXA-48 and OXA-181 being the most frequently detected
carbapenemases.” Both enzymes belong to the OXA-48-like
carbapenemases, one of the most reported groups worldwide.'®
OXA-48-like carbapenemases are class D serine B-lactamases,
which hydrolyse penicillins and narrow-spectrum cephalosporins
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well, but carbapenems only weakly.*! Their successful dissemin-
ation is mainly mediated through highly transferable plasmids,
and in some cases, their spread is associated with high-risk
MDR clones.'® The laboratory detection of OXA-48-like carbape-
nemase is complex, probably leaving them underreported and
possibly spreading silently.'%1213

The dissemination of OXA-48 is mainly mediated through pro-
miscuous pOXA-48a-like IncL plasmids.'* These plasmids con-
tain variants of the blapya-4g-harbouring composite transposon
Tn1999,'° of which the flanking IS elements allow them to switch
position within the genome.'® The most frequently detected vari-
ant is TN1999.2, also frequently forming an inverted composite
transposon invTn1999.2 within the same plasmid.'®!’ Inversion
events of this transposon can occur and both forms can be pre-
sent within a bacterial colony.” The OXA-181 carbapenemase
was originally mobilized on ColE2 plasmids within Tn2013. This
transposon was transferred to other plasmid types, including
IncX3 plasmids, which contributed to the global spread of
OXA-181.1°

Following outbreaks with CPE producing OXA-48-like carbape-
nemases and cases of companion animal infections in a Swiss
veterinary clinic in 2018, the indoor and outdoor clinical environ-
ments were identified as potential sources of CPE contamin-
ation.®#'19 While the indoor clinical environment could
thoroughly and repeatedly be disinfected, the backyard lawn of
the companion animal hospital, which is used as the designated
canine relief areq, was scrutinized over 4 years (2020-2023) to
determine and evaluate presence and persistence of CPE. WGS
was used to characterize the collected CPE and their antimicro-
bial resistance plasmids to determine their degree of relatedness
and whether the lawn within the relief area represents a pool of
clinically important, as well as new, emerging CPE.

Methods

Sampling and bacterial identification

The surface of a Swiss veterinary clinic’s backyard lawn used as canine re-
lief area was sampled in four areas of 2 m? using sterile wipes on six dif-
ferent time points between 2020 and 2023 (Figure 1). Each sampling wipe
was placed into a 500 mL bottle containing 200 mL Mueller-Hinton broth
(Becton Dickinson) and incubated overnight at 37°C under aerobic condi-
tions without shaking. One loopful (10 L) of the bacterial suspension was
streaked onto selective agar plates CHROMID® OXA 48 and CHROMID®
CARBA (bioMérieux). The resulting colonies were identified by
MALDI-TOF MS and purified on trypticase soy agar containing 5% sheep
blood (TSA-SB) (Becton Dickinson) at 37°C for 24 hours. Carbapenemase
production was determined using the Blue-Carba test.?® Isolates were
kept in 30% glycerol stored at —80°C.

Antimicrobial susceptibility testing (AST)

The MIC of 22 different antibiotics was determined by broth microdilution
using Sensititre plates EUVSEC2 and EUVSEC3 according to the guidelines
of EUCAST.?! MICs were interpreted using the clinical breakpoints pro-
vided from EUCAST v.15.0 (https://www.eucast.org/clinical_breakpoints),
except for cefoxitin, colistin, nalidixic acid, trimethoprim, sulfamethoxa-
zole, chloramphenicol and tetracycline, for which the clinical breakpoints
from CLSI were used.?? No breakpoints were available for azithromycin
and tigecycline (except for Escherichia coli). The MICs are presented in
Table S1 (available as Supplementary data at JAC Online).

Whole genome sequencing (WGS)

All strains were sequenced using both Illumina and Oxford Nanopore
Technologies (ONT) sequencing methods. The DNA libraries for Illumina
sequencing were obtained using the Nextera™ DNA Flex microbial colony
extraction protocol and the Illumina DNA Prep (M) tagmentation library
preparation kit (Illumina). The libraries were sequenced on a Novaseq
6000 at the Next Generation Sequencing platform, Institute of Genetics,
University of Bern resulting in 2x 150 bp paired-end reads. The reads
were filtered with Trimmomatic v.0.39 (https://trimmomatic.com/).
Genomic DNA for ONT sequencing was obtained using the DNeasy Blood
and Tissue Kit (Qiagen) and sequenced on a MinION using native barcod-
ing kit (SQK-NBD114) and FLO-FLG114 and FLO-MIN114 flow cells. The
basecalling and demultiplexing were performed using Dorado v.0.6.4
(https://github.com/nanoporetech/dorado). Long reads were assembled
using Autocycler v.0.4.0 (https://github.com/rrwick/Autocycler). The re-
sulting assemblies were polished with Illumina short reads using
Polypolish v.0.6.0 (https:/github.com/rrwick/Polypolish). Genomes were
annotated with Bakta v.1.11.3 (https:/github.com/oschwengers/bakta)
and used for genome analysis. On submission to GenBank, the genomes
were annotated with the Prokaryotic Genome Annotation Pipeline
(https://github.com/ncbi/pgap) at NCBI.

The complete genomes and all sequence reads are available at
GenBank under BioProject PRINA1308800 (Table S2).

WGS-based in silico analysis

The genomes of each strain were submitted to the Type (Strain) Genome
Server (https://tygs.dsmz.de/) for confirmation of species identification.
MLST was performed at pubMLST (https:/pubmlst.org/) for E. coli,
Enterobacter hormaechei and Citrobacter portucalensis and at the
Institute Pasteur (https:/bigsdb.pasteur.fr/klebsiella/) for Klebsiella spp.
Core genome MLST (cgMLST) was performed with Ridom SeqgSphere+
v.11.0.2 on the seven E. hormaechei strains using the scheme for E. hor-
maechei resulting in complex types (CT). CgST of E. coli strains were ob-
tained from EnteroBase (https:/enterobase.warwick.ac.uk/species/
index/ecoli). Antimicrobial resistance genes (ARGs) were identified with
ResFinder v.4.7.2 available online at the Center for Genomic
Epidemiology (https:/genepi.dk/resfinder). Incompatibility (Inc) groups
of plasmids were identified using ABRicate v.1.0.1 (https:/github.com/
tseemann/abricate) against the PlasmidFinder database. Clinker v.0.0.28
(https://github.com/gamcil/clinker) was used to create the gene cluster
comparison figures of the plasmids. Sequence alignments and whole gen-
ome alignments were created using MAFFT from Geneious Prime
v.2025.0.2 (Dotmatics). SNP were called using Snippy v.4.6.0 (https:/
github.com/tseemann/snippy) and recombination events were filtered
with  Gubbins v.3.4 (https:/github.com/nickjcroucher/gubbins). The
cgSNP-based trees were generated with FastTree v.2.1.11 and visualized
in iTol v7 (https://itol.embl.de/). Genomes of strains isolated previously in
the same companion animal hospital from hospitalized pets, obtained
from either infection sites or gut colonization®?* and sharing the same se-
quence type (ST), were retrieved from GenBank. The closest related strains
available from EnteroBase and GenBank were included for E. coli ST90,
ST2973, ST297, ST602 and C. portucalensis ST1138, respectively, to carry
out the cgSNP analysis. For each ST, one of the strains isolated in our study
was used as the reference genome. The SNP distance matrices were cre-
ated with snp-dists v.0.8.2 (https:/github.com/tseemann/snp-dists).

Results

Identification and characterization of CPE

Over the 4-year period (2020-2023) of investigation, a total of 32
CPE strains belonging to eight different species were isolated
from the lawn used for relief walks of hospitalized dogs. The
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Figure 1. Timeline of the isolation and distribution of OXA-48-like producing CPE from the backyard lawn of a companion animal hospital and hospi-
talized pets in Switzerland and types of OXA-48-like plasmid. The figure presents the bacterial species, sequence types (ST) and carbapenemase plas-
mids that were found in the different sampling areas at each sampling time during the screening period. N/A, not available; red asterisk, clonal strains
of a same ST differing by <35 cgSNPs; “Diverse STs: ST7427, ST88, ST973, ST58, ST405, ST6321, ST642, ST5073. Created in https:/BioRender.com.

composition of the bacterial population varied over time, with As common genetic feature, all strains carried a 63 589-bp
only E. coli and E. hormaechei being almost consistently detected  blaoxa-4s-positive IncL plasmid (OXA-48-Incl), except for two L.
at all sampling times (Figure 1, Table S2). amnigena, which contained a 51479-bp blagxa-1s1-positive
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IncX3 plasmid (OXA-181-IncX3) (Figure S1). Among the
OXA-48-producing CPE, the 15 E. coli strains were assigned to
11 different STs, including the newly identified ST17257. Only E.
coli of ST90 (n=3), ST297 (n=2) and ST2973 (n=2) were de-
tected more than once. While E. coli ST90 were all detected in
October 2023, E. coli ST297 and ST2973 were present at different
sampling times with E. coli ST297 isolated in May 2021 and
October 2023, and E. coli ST2973 in January 2023 and March
2023 (Figure 1).

Genetic analysis of the E. coli strains of a same ST revealed that
the strains of ST90 were identical, sharing the same cgST 356122
and differing by 0 SNPs. Strains of ST2973 slightly differed by
cgMLST (cgST 356129 or 356130) due to an insertion, but not
by SNPs (0 SNP). Strains of ST297 differed by both cgMLST (cgST
356127 and 356120) and by 435 SNPs, indicating non-clonality
(Figures 2 and 3, Table S2). The E. coli of a same ST also contained
identical ARGs, except E. coli ST297 and ST2973. One of the E. coli
ST297 contained an additional IncF resistance plasmid. The two
E. coli ST2973 clones differed from each other only by the pres-
ence of an additional floR gene on the IncY plasmid in one of
them (Figure 2, Figure S2B).

The seven E. hormaechei strains belonged to ST114 (n=6) and
ST418 (n=1). Five ST114 strains were detected in May 2021 and
one in March 2023 (Figure 1). The cgMLST and cgSNP analyses
confirmed the very close genetic relationship between the
ST114 strains from 2021 (CT249, 6-14 SNPs) and a more distant
relationship to the strain from 2023 (CT251, 160 SNPs) (Figures 2
and 3). The strain from 2023 also differed by the presence of a
larger plasmid and additional ARGs, indicating that either it did
not directly evolve from the same lineage as the ST114 from
2021 or evolved independently and acquired novel mobile genet-
ic elements (MGEs) over time (Table S2).

The four C. portucalensis belonged to ST1138 and they all con-
tained the same plasmids and ARGs. They were all identical (0-2
SNPs) and were isolated at two different sampling times (January
and March 2023) (Figure 1). The two L. amnigena strains were
also identical (8 SNPs) and share the same ARG profile and
OXA-181-IncX3 plasmids (Figures 2-4).

K. variicola ST1270, K. pneumoniae ST8133, Atlantibacter sp.
and L. adecarboxylata were detected one each. They all exhibited
different ARG profiles and plasmid content, except for the com-
mon 63 589-bp OXA-48-IncL plasmid (Figures 2 and 4, Table S2).

Genomic location of ARGs

In addition to the blaoxa-4s-like carbapenemase genes, almost
half of the strains carried genes for resistance to aminoglycosides
(19/32), quinolones (21/32), sulfonamides (18/32), tetracycline
(19/32), trimethoprim (16/32) and phenicols (13/32). Genes as-
sociated with resistance to macrolides (3/32), rifampicin (1/32)
and lincosamide (3/32) remained rare (Figure 2). The MICs of
the strains are presented in Table S1. ARGs were detected on
both the chromosome and plasmids, and their locations are de-
scribed in detail next.

Plasmids carrying carbapenemase genes

Both blapxa-4s and blapxa-1s1 Were identified on well-described
epidemic plasmids and no other carbapenemase-encoding
gene was identified throughout the study period. The same 63

589-bp OXA-48-IncL plasmid was detected in 30 strains, and
the same 51479-bp OXA-181-IncX3 plasmid in two strains
(Figure 4). Eleven of the 30 OXA-48-IncL plasmids contained an
inverted Tn1999.2 (invTn1999.2) as unique difference (Figure S1).
The two 51479-bp OXA-181-IncX3 plasmids, co-harbouring
blaoxa-181 and gnrS1 on Tn6163, were detected in two L. amni-
gena strains. Remarkably, they were identical to pAN-OXA-181,
which was identified in E. coli colonizing the gut of hospitalized
companion animals in 2018 in the same clinic (Figure 4b).’

Additional ARG plasmids

Nineteen strains [E. hormaechei (n=6), C. portucalensis (n=4), E.
coli(n=_8) and L. adecarboxylata (n=1)] harboured one addition-
al ARG containing plasmid and one E. hormaechei strain
(MEI610-22) had two resistance plasmids (Table S2).

In E. coli, the additional resistance plasmids belonged to the
IncF (IncFIA, IncFIB, IncFIC) and IncY plasmid families
(Figure S2). Four different IncF plasmids of different sizes were
identified in strains of four different STs (ST90, ST297, ST457,
ST602). Only the three E. coli ST90 shared the same 131216-bp
IncF plasmid. Highly identical 138568-bp and 142 852-bp IncY
plasmids were detected in two E. coli of ST2973 (Figure S2).
Each plasmid contained multiple ARGs, except the IncF plasmid
of E. coli ST602, which only carried blargm-1g (Table S2).

The MDR plasmids of E. hormaechei belonged to the IncHI2,
IncHI2A and pKPC-CAV1321 type in ST114. All strains isolated
in 2021 shared highly similar ~248-kb plasmids except for strain
MEI7BC-21, in which the plasmid was reduced in size to 214563
bp due to a deletion, and strain MEI3B-1023, in which the plasmid
was larger due to insertion of several ARGs. Two different IncF
MDR plasmids (IncFIB, IncFII) of 143779bp and 80070bp were
found in the single strain of E. hormaechei ST418 (Figure S3).

The four C. portucalensis strains harboured an identical 57
983-bp IncX3 MDR plasmid and the single L. adecarboxylata
strain carried a 166339-bp IncFII MDR plasmid (Table S2,
Figure S4).

Chromosomal ARGs

Chromosomally integrated ARGs were identified in eight strains
of E. hormaechei ST114, one E. hormaechei ST418, four C. portu-
calensis ST1138, one K. pneumoniae ST8133 and one K. variicola
ST1270. Amino-acid substitutions in the fluoroquinolone resist-
ance determining region were detected in three strains of E.
coli ST90, two E. coli ST2973 and one L. adecarboxylata.
Substitutions in the OmpK porins were present in one K. pneumo-
niae ST8133 and one K. variicola ST1270. One E. coli ST297 con-
tained a nucleotide substitution in the ampC promoter
(Figure 2, Table S2).

Relationship between strains from the lawn of the canine
relief area and clinical strains

Two E. coli ST602 strains, one associated with gut colonization in
a dogin 2020 and one from the relief lawn in 2020, were closely
related by cgMLST and differed by one SNP (Figure 3), also sharing
the same resistance plasmids. Two E. coli ST372 associated with
carriage or bacteraemiain dogsin 2021 and 2022 were more dis-
tantly related to the relief lawn strain from 2023, indicated by
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Figure 2. Genetic characteristics of CPE strains producing OXA-48-like variants isolated from the backyard lawn of a companion animal hospital in
Switzerland. The illustration includes species identification, sequence type (ST), core genome ST (cgST) (E. coli) and complex type (CT) (E. hormaechei),
as well as present antimicrobial resistance mechanisms. NA, not available. The illustration was created using Adobe Illustrator v.29.5.1.

different cgSTs (356121, 358495, 358497) and larger SNP dis-
tances (108-155 SNPs) (Figure 3).

E. hormaechei ST114 and ST418 isolated from different infec-
tion sites in companion animals between 2021 and 2022 were
closely related to the strains detected in the relief area in 2021
and 2022, respectively. Strains from companion animals origi-
nated from different sources, including urine (n=3), abdominal
effusion (n=1), abscess (n=1), wound swab (n=2) and hip joint
swab (n=1). Six E. hormaechei ST114 from companion animals
all belonged to the same CT as the relief lawn strains (CT249)
and differed by 8-35 SNPs. They also carried highly similar
~248-kb IncHI2A resistance plasmids, except for one companion
animal strain isolated in 2022 (22KM1314). This strain lacked the
~248-kb IncHI2A plasmid and instead harboured a 61092-bp
IncFII(pCoo) plasmid, which was also present in another com-
panion animal strain (22KM0641), but absent from the relief
lawn strains. Two E. hormaechei ST418 strains isolated from com-
panion animals between 2021 and 2022 were closely related to
the strainisolated from the relief lawnin 2022, as they shared the
same CT (CT251), differed by 4-33 SNPs (Figure 3) and harboured
identical resistance plasmids.

These CPEs from animals also carried an OXA-48-IncL plasmid
identical to that found in the relief lawn strains. Furthermore, the

exact same OXA-48-Incl plasmid was also detected in clinically
relevant strains, which were not found in the relief lawn like
K. pneumoniae ST11 and ST307, E. hormaechei ST78 and E. coli
of different STs. Identical plasmids harbouring invIn1999.2
were previously detected in K. pneumoniae (2018-2019), E. coli
(2018-2020) and E. hormaechei (2021-2022) strains, and
identical plasmids harbouring Tn1999.2 were identified in
strains of E. coli (2019-2022) and E. hormaechei (2021-2022)
(Figure 4q).8%%3

Discussion

The backyard lawn of a companion animal clinic used as a relief
area for hospitalized dogs was identified as a major source of
multiple CPE species, highlighting environmental dissemination
and IPC challenges in veterinary settings. Environments of veter-
inary hospitals in different countries have previously been re-
ported as contaminated with CPE, mainly based on sporadic
screening with only specific Enterobacterales such as E. coli,
Enterobacter spp. and Klebsiella spp. identified.>82*

Our long-term observational and WGS-based study revealed
diverse Enterobacterales, including species whose clinical and
environmental impact remains undetermined. All CPE harboured
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Figure 4. Comparison of the OXA-carbapenemase-carrying plasmids isolated from the backyard lawn used as canine relief area with representative
plasmids isolated from companion animals in the same veterinary clinic in Switzerland. (a) Comparison of blaoxa-4g-positive IncL plasmids isolated
from infection sites and the backyard lawn. Representative plasmids from this study and previous studies were chosen, covering both variants of
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adapted in Adobe illustrator v.29.5.1. The icons were retrieved from BioRender (https:/BioRender.com).

the same OXA-48-IncL plasmid and to a lesser extent an strains in the gut, that independently acquired the same
OXA-181-IncX3 plasmid. Detection of identical plasmids across carbapenemase-encoding plasmid from nosocomial strains.

multiple species and lineages (e.g. 11 E. coli STs) highlights The companion animal clinic has experienced repeated cases of
their dissemination potential. The high diversity of E. coli suggests  infection and carriage with OXA-48-producing E. coli, E. hormaechei,
multiple canine sources, each harbouring different E. coli and K. pneumonice since 2018.”° These species, except for
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K. pneumoniae, were also the most frequently isolated from the
lawn, suggesting that they were released into the lawn by hospita-
lized dogs during their walks. In fact, some strains of E. coli and
E. hormaechei isolated from the lawn were identical to those
from hospitalized dogs that had used the area within the preceding
6 months. Clonally related E. hormaechei ST114, ST418 and E. coli
ST602 were identified in the lawn and in hospitalized dogs and
cats. These lineages seem to be able to persist in the hospital envir-
onment, to colonize animals and cause infections, with potential for
further plasmid dissemination. In addition to OXA-48 plasmids, CPE
may acquire further resistance determinants via MGEs.

The genetic relationship between these E. hormaechei and E.
coli isolated from companion animals and from human patients
in Switzerland showed no evidence of recent direct transmis-
sion.”?3 However, cross-colonization between hospitalized ani-
mals and veterinarians has been reported,®?> and pet owners
may develop CPE infections/colonization acquired from pets after
veterinary hospitalization.’®?” WGS-based analysis and meta-
data is therefore essential for epidemiological investigations.*

Detection of identical carbapenemase-encoding plasmids
in bacteria (C. portucalensis, L. amnigena, L. adecarboxylata,
Atlantibacter sp.) that are naturally present in water and in soil
and not commonly associated with infections, suggests that
the plasmid may have been acquired from clinical bacteria in
the outdoor environment.?®3! These species, which are also
emerging human pathogens,®*’ may contribute to mainten-
ance of carbapenemase-carrying plasmids in the lawn and on-
ward transfer to clinically relevant Enterobacterales.

Overall, plasmid exchange appears to play a central role in
maintaining CPE in this setting, rather than clonal persistence, ex-
cept for E. hormaechei ST114, which recurred over several years
and seems well adapted to multiple hosts and environments.*?
IncL plasmids are the main vehicle for blapxa-4s dissemination
and are genetically stable and highly transmissible between dif-
ferent bacterial species.'**®*% They are widely reported in hu-
mans and increasingly identified in animals and environmental
sources,'#1%2 including veterinary clinics in Switzerland and
other countries.?**?~** This suggests that CPE in companion ani-
mal clinics is not unique and may already be endemic in dogs.*®
Detection of the blapgxa-181-IncX3 plasmid in L. amnigena from
the lawn in 2022 and 2023, identical to an outbreak plasmid de-
tected in E. coliin 2018 is the same clinic,” further demonstrates
long-term environmental persistence of carbapenemase-
carrying plasmids in this niche. This epidemic plasmid was al-
ready reported in humans, companion animals and the food
chain,*>*’~>! indicating that it may also rapidly spread further
and establish in bacteria from different hosts and environments.

Use of penicillins in combination with B-lactamase inhibitors
as well as early-generation cephalosporins in companion animals
probably promotes selection of carbapenemase-carrying plas-
mids in the veterinary setting in Europe, since carbapenems are
not being used. These B-lactams, especially penicillins, are well
hydrolysed by OXA-48-like enzymes,'! and are also the most fre-
quently prescribed antibiotics in dogs and cats in Switzerland,>?
probably contributing to the selection and maintenance of
OXA-48-producing bacteria in the veterinary settings.

Persistent CPE contamination of the relief area poses a risk of
re-introduction into the clinic via dogs or veterinary staff, by con-
taminating paws and shoes.”® The environmental indoor

contamination in veterinary clinics with MDR bacteria, including
CPE, was evaluated previously, revealing contamination of floors
and instruments.>*&24>* As Enterobacterales are shed in faeces,
relief areas are particularly prone to contamination. One report
from US identified blanpm-7-producing E. hormaechei in relief
areas of companion animal hospitals,” indicating that the prob-
lem is not unique. Our findings suggest that relief areas may be
critical but overlooked hotspots for environmental CPE contamin-
ation, especially in hospitals with a history of CPE outbreaks.
Owing to this environmental persistence, it is very likely that un-
colonized dogs and employees walking on a polluted toilet lawn
may also become contaminated with CPEs, which could later
lead to infections or colonization. Once discharged from the hos-
pitals, colonized animals may introduce CPE into households,
putting their owners at risk to become also carriers and develop
severe infections as recently reported.“?>

The threat of CPE originating from veterinary clinics is increas-
ingly recognized and requires immediate action to limit the pro-
liferation of preventable CPE infections in animals and humans
through adequate measures.* These findings highlight the
need for reinforced IPC measures targeting both indoor and out-
door environments, and introduction of dog toilet systems that
can be thoroughly cleaned and disinfected.>”

Conclusions

In conclusion, the lawn of the canine relief area was identified as
a hotspot for long-term environmental contamination with mul-
tiple species of CPE in a veterinary hospital setting. This site ap-
pears to act as a niche where horizontal plasmid transfer may
occur between different bacterial species. New emerging
carbapenemase-producing pathogens may arise from veterinary
clinics posing a threat to both animal and human health.
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