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Introduction: Enterococci harbouring genes encoding
resistance to florfenicol and the oxazolidinone anti-
microbial linezolid have emerged among food-produc-
ing animals and meat thereof, but few studies have
analysed their occurrence in raw meat-based diets
(RMBDs) for pets. Aim: We aimed to examine how far
RMBDs may represent a source of bacteria with oxa-
zolidinone resistance genes. Methods: Fifty-nine sam-
ples of different types of RMBDs from 10 suppliers
(three based in Germany, seven in Switzerland) were
screened for florfenicol-resistant Gram-positive bacte-
ria using a selective culture medium. Isolates were phe-
notypically and genotypically characterised. Results:
A total of 27 Enterococcus faecalis, Enterococcus fae-
cium, and Vagococcus lutrae isolates were obtained
from 24 of the 59 samples. The optrA, poxtA,
and cfr genes were identified in 24/27, 6/27 and
5/27 isolates, respectively. Chloramphenicol and
linezolid minimum inhibitory concentrations (MICs)
ranged from 24.0mg/L-256.0mg/L, and 1.5mg/L-
8.omg/L, respectively. According to the Clinical and
Laboratory Standards Institute (CLSI) breakpoints,
26 of 27 isolates were resistant to chloramphenicol
(MICs=32mg/L), and two were resistant to linezolid
(MICs28mg/L). Multilocus sequence typing analysis
of the 17 E. faecalis isolates identified 10 different
sequence types (ST)s, with ST593 (n=4isolates) and
ST207 (n=2isolates) occurring more than once, and
two novel STs (n=2isolates). E. faecium isolates
belonged to four different STs (168, 264, 822, and
1846). Conclusion: The high occurrence in our sample
of Gram-positive bacteria harbouring genes encod-
ing resistance to the critical antimicrobial linezolid
is of concern since such bacteria may spread from
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companion animals to humans upon close contact
between pets and their owners.

Introduction

Feeding companion animals raw meat has become well
established among many cat and dog owners who wish
to provide their pets with a natural and healthy alter-
native to conventional pet food [1,2]. Raw meat-based
diets (RMBDs), also known as Biologically Appropriate
Raw Food (BARF), usually contain meat by-products
originating from food-producing animals slaughtered
for human consumption including muscle and organ
meats, and meaty bones. Since RMBDs are not cooked
or pasteurised, concerns have been raised that patho-
gens occurring in RMBDs pose a risk of infectious dis-
ease to humans and their pets [3]. RMBDs have also
been identified as a potential source of antimicrobial
resistant bacteria [1]. Thus, although not destined for
human consumption, handling of RMBDs and the close
contact and complex interactions of pets with their
owners and their environment represent possibilities
of transmission of resistant bacteria from raw pet food
products to humans. This is of particular relevance,
since antimicrobial resistance (AMR) is currently one
of the most important threats to human and animal
health worldwide, affecting people, animals, and the
environment [4].

Because of the use and overuse of antimicrobial
agents in domestic livestock production, food-produc-
ing animals have emerged as an important reservoir
for AMR [5]. In particular, the extensive use of flor-
fenicol, a fluorinated phenicol derivative of chloram-
phenicol, has selected florfenicol-resistant bacteria
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including Enterococcus and Staphylococcus spp. that
carry genes associated with florfenicol resistance
such as fexA and fexB (phenicol exporter
genes), optrA and poxtA (genes encoding ribosomal
protection proteins), and c¢fr (@ 23SrRNA methyltrans-
ferase gene) [6]. Notably, the horizontally transferrable
genes optrA, poxtA and cfr provide resistance not only
to phenicols but also to oxazolidinones, resulting in
cross-resistance to linezolid [7,8]. Linezolid is an oxa-
zolidinone antimicrobial that was first introduced into
therapy in 2000 and which is currently considered a
last resort drug for treating severe infections caused by
Gram-positive pathogens such as vancomycin-resistant
enterococci (VRE), meticillin-resistant Staphylococcus
aureus (MRSA) and multidrug-resistant pneumococci
[9]. Linezolid is also considered by the World Health
Organization (WHO) to be a critically important antimi-
crobial for use in human medicine [10].

Increasing reports on linezolid resistant enterococci
detected in food-producing animals and meat thereof
[9,11,12], together with the growing popularity of feed-
ing pets RMBDs, prompted us to assess the occurrence
of florfenicol resistant bacteria among commercially
available raw pet food in Switzerland.

Methods

Sampling and screening for florfenicol-
resistant bacteria

A convenience sample of 59 different types of RMBDs
was commercially purchased by the investigators in six
locations within a radius of 300km of the laboratory
in Switzerland, or via Internet shops during September
2018 and May 2020. The products originated from 10
different suppliers, designated A-J). Suppliers A (10
samples), G (10 samples), and | (four samples) were
pet shop stores located in Germany. Suppliers B (eight
samples), C (six samples), F (eight samples), H (seven
samples), and | (one sample) were pet shops stores
based in Switzerland. Supplier D (four samples) was a
one-person Swiss RMBD producing business which was
officially certified based on hazard analysis and criti-
cal control points (HACCP) hygiene standards by the
county veterinary office. Supplier E (one sample) was
a butcher who slaughters and sells regionally farmed
Swiss meat and processes the slaughter by-products
to in-house produced RMBDs. All products were pur-
chased frozen or shipped frozen to the laboratory and
stored until analysis. The tested products contained
either pure muscle or pure organ meat, mixed mus-
cle and organ meat products, or meat supplemented
with plant ingredients. Only samples that contained
uncooked meat or organs that had not undergone any
treatment, such as pasteurisation or drying, were pur-
chased. Only RMBDs intended for dogs were included.

Samples were categorised as beef (n=17), poultry
(n=15), horse (n=8), lamb (h=6), fish (n=s5), rabbit
(n=4), and venison (n=4). The suppliers’ source dec-
larations indicated that overall, the majority (54/59)

of the RMBDs were produced using meat sourced from
European countries or from Australia. For one of the
eight horse meat samples and for four of the five fish
samples (salmon) the countries of origin remained
unknown. One fish RMBD sample contained perch and
pangasius from Estonia and Vietnam.

A subset of 10g of each sample was homogenised at a
1:10 ratio in brain heart infusion (BHI) broth with 6.5%
NaCl (Oxoid, Pratteln, Switzerland) and incubated
for 18—24hours at 37°C. One loopful of the enriched
culture was streaked on Bile Aesculin Azide (BAA)
agar (Merck, Darmstadt, Germany), with 10mg/L flor-
fenicol (Sigma-Aldrich, Buchs, Switzerland) and incu-
bated under aerobic conditions for 48 hours at 37°C.
All colonies with morphological characteristics similar
to Enterococcus spp. (small transparent colonies with
brown-black halos) were subcultured on BAA agar with
10 mg/L florfenicol for 48 hours at 37°C and single col-
onies subcultured on plate count agar (Difco, Becton
Dickinson, Allschwil, Switzerland) for 24 hours at 37°C.
These isolates were considered florfenicol resistant and
stored in 20% glycerol at —20°C for further analysis.

Identification

of Enterococcus and Vagococcus species and
screening for oxazolidinone resistance genes
Species identification was performed by matrix-
assisted laser desorption—ionisation time of flight
mass spectrometry (MALDI-TOF-MS, Bruker Daltonics,
Billerica, Massachusetts, United States (US)) using
Compass FlexControl version 3.4 software with the
Compass database version 4.1.80. The presence
of optrA, poxtA, and cfr was established by singleplex
PCR using custom synthesised primers (Microsynth,
Balgach, Switzerland), and conditions described previ-
ously [13].

Antimicrobial susceptibility testing

Minimal inhibitory concentrations (MICs) of chloram-
phenicol and linezolid were determined using Etest
(bioMérieux, Marcy |’Etoile, France). Results were inter-
preted usingthe 2022 Clinical and Laboratory Standards
Institute (CLSI) enterococci susceptibility breakpoints
for broth microdilution, with resistance breakpoints set
at=32mg/L for chloramphenicol, and=8mg/L for lin-
ezolid, respectively [14]. Enterococcus faecium National
Collection of Type Cultures (NCTC, United Kingdom (UK)
Health Security Agency) 13923 and E. faecalis NCTC
12697 were used as quality control strains.

Whole genome sequencing and genome analysis
Whole genome sequences were determined using short-
read and long-read sequencing. Isolates were grown on
sheep blood agar (Difco, Becton Dickinson, Allschwil,
Switzerland), and genomic DNA was extracted using
the MasterPure complete DNA and RNA Purification Kit
(Lucigen Corporations, Wisconsin, US). For short-read
sequencing, libraries were prepared using the Nextera
DNA Flex Library Preparation Kit (Illumina, San Diego,
California, US), and sequencing was performed on the
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What did you want to address in this study?

Feeding pets raw meat-based diets (RMBDs) is a growing trend among pet owners. Unfortunately, these
diets may be contaminated with parasites, pathogenic bacteria, and antibiotic resistant bacteria, including
bacteria that carry genes for resistance to linezolid, a last-resort drug to treat severe infections in people.
Our aim was to examine to if RMBDs represent a possible source of bacteria with linezolid resistance genes.

What have we learnt from this study?

In 24 of 59 RMBD samples mostly originating from Switzerland and Germany, that we examined, we identified
bacteria with genes which may confer resistance to linezolid. Some of these bacteria were closely related to
bacteria that cause infections in humans worldwide.

What are the implications of your findings for public health?

The occurrence of bacteria harbouring linezolid resistance genes in RMBDs in our sample may pose a
possible risk to human health. These bacteria could spread from companion animals to their owners or to
any other individual in close contact with the companion animals. Veterinary and public-health agencies,
RMBD suppliers, and pet owners should be aware of this.

—

[llumina MiniSeq platform with 2x150bp paired-end
chemistries. For long-read sequencing, libraries were
prepared using an SQK-LSKio9 Ligation Sequencing
Kit (Oxford Nanopore Technologies, Oxford, UK) and
sequenced on a MinlON Mk1B device using the FLO-
MIN106 (R9) flow cell (Oxford Nanopore Technologies,
Oxford, UK).

Hybrid assemblies were generated with Unicycler v.o.5
using default settings (https://github.com/rrwick/
Unicycler). Genes were annotated using Prokka v.1.14.6
(https://github.com/tseemann/prokka) and isolates
were typed in silico using PubMLST (https://pubmlst.
org/). Antimicrobial resistance genes and plasmid rep-
licons were identified using ABRicate 1.0.1 (https://
github.com/tseemann/abricate) in combination with
the ResFinder (https://bitbucket.org/genomicepide-
miology/resfinder_db/) and PlasmidFinder (https://
bitbucket.org/genomicepidemiology/plasmidfinder/)
databases, respectively. Plasmid replicon families were
determined based on conserved domains identified
in homologous replicon sequences identified in the
National Center for Biotechnology Information (NCBI)
Nucleotide collection using Basic Local Alignment
Search Tool (BLAST; http://www.ncbi.nlm.nih.gov/
books/NBK21097/).

Reads were also queried for mutations in the 23S rRNA
genes associated with linezolid resistance (G2505A
and G2576T) using LRE-finder 1.0 (https://cge.food.
dtu.dk/services/LRE-finder/).
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Results

Isolation of florfenicol resistant Gram-positive
cocci and screening for oxazolidinone-
resistance genes

Overall, florfenicol resistant bacteria were found in 24
of the 59 RMBD samples, including six of the 17 sam-
ples containing beef, seven of the 15 poultry-based
diets, three of the eight horse meat samples, one of
the six lamb meat diets, two of the five fish samples,
three of the four rabbit meat samples, and two of the
four RMBD samples consisting of venison. Three of the
59 samples (horse meat sample LSos, poultry sample
AT40, and rabbit meat sample AT46) yielded two dis-
tinct isolates each, resulting in a total of 27 florfeni-
col resistant isolates. Species identification revealed
that the 27 isolates included E. faecalis (n=17), E. fae-
cium (n=4), and Vagococcus lutrae (n=6) (Table 1). Of
the samples yielding two distinct isolates, LSos and
AT4o0 contained two different E. faecalis each, and AT46
contained one E. faecalis and one V. lutrae (Table 1).
RMBDs containing resistant bacteria originated from
eight of the 10 suppliers, with suppliers D and E repre-
senting the exceptions.

PCR screening demonstrated the presence of one or
more oxazolidinone resistance genes in all florfenicol
resistant isolates (Table 1). The optrA was present in
24/27 of the isolates, consisting of E. faecalis (n=16), E.
faecium (n=2), and V. lutrae (n=6). The poxtA gene was
identified in a total of six of the 27 isolates, including E.
faecalis (n=2), and E. faecium (n=4). The cfr gene was
found in five of the 27 isolates comprising E. faeca-
lis (n=4), and E. faecium (n=1) (Table 1).
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TABLE 1

Distribution of Enterococcus faecalis, Enterococcus faecium, and Vagococcus lutrae habouring oxazolidinone resistance genes
among samples of commercially available raw meat-based diets (RMBDs) for companion animals Switzerland, September

2018-May 2020 (n=24)

Oxazolidinone resistance gene
Isolate ID

Sample ID

Meat category Country of origin of the raw meat Supplier

cfr optrA poxtA

Enterococcus faecalis

ATo4 AT o4 Beef Switzerland F - + -
ATog AT 09 Poultry Germany A - + -
AT22 AT 22 Poultry Switzerland C - + -
AT29 AT 29 Lamb Switzerland H - + -
AT34 AT 34 Fish Unknown H - + -
AT39 AT 39 Horse Germany | + - +
AT40a AT 40 Poultry Germany G - + -
AT40b AT 40 Poultry Germany G + + -
AT41 AT 41 Poultry Germany G - + -
AT43a AT 43 Beef Germany G - + -
AT46a AT 46 Rabbit Germany G - + -
AT48 AT 48 Poultry Germany G - + -
AT49a AT 49 Venison Germany G + + -
ATs0 AT 50 Rabbit Australia/EU/Switzerland B - + -
LSo5-1 LS os Horse Unknown J - + -
LSo5-2 LS o5 Horse Unknown J + + +
LSo6-1 LS 06 Beef Switzerland F - + -
Enterococcus faecium

ATo2 AT 02 Beef Germany A + + +
AT44 AT 44 Venison Germany G - - +
AT45b AT 45 Poultry Germany G - - +
AT47b AT 47 Fish Unknown G - + +
Vagococcus lutrae

ATo3 AT 03 Horse Germany A - + -
ATig AT 25 Beef Switzerland C - + -
AT19 AT 19 Beef Australia/EU/Switzerland B - + -
AT32 AT 32 Rabbit Switzerland H - + -
AT33 AT 33 Poultry Switzerland H - + -
AT46b AT 46 Rabbit Germany G - + -

EU: European Union; ID: identity.
A plus sign (+) indicates the presence of the gene, a minus sign (-) the absence of the gene, determined by PCR.

Minimal inhibitory concentrations

All 27 isolates were tested for their susceptibility to
chloramphenicol and linezolid (Table 2). The MICs of
chloramphenicol and linezolid ranged from 24.0 to
»256.0mg/L, and 1.5-8.0mg/L, respectively. Twenty-
six of the 27 isolates had chloramphenicol MIC values
above the CLSI breakpoint of=32mg/L, and two of the
27 isolates were classified as resistant to linezolid
according to the CLSI breakpoint (MIC=8mg/L) [14].
Both linezolid resistant isolates (isolates ATiz and
ATso, respectively) were also resistant to chloramphen-
icol (Table 2)

Identification of optrA, poxtA, and cfr variants

For the optrA-harbouring isolates, nt sequences were
compared with the wild-type optrA 6 (GenBank
accession number: KP399637) [8], and OptrA variants
were defined based on alterations in the deduced

amino-acid sequences according to Schwarz et al. [9].
A total of 11 OptrA variants (including the wild type)
were identified among the 24 optrA-positive isolates
(Table 2). The optrA genes were found to be carried
either by chromosomal or plasmid DNA (Table 2).
Among the 21 enterococci, the OptrA EYDNDM variant
was the most common (n=4), followed by OptrA EDD_2
(n=3). Among the six V. lutrae, the wild-type OptrA var-
jant was the most prevalent (n=3). The OptrA variants,
their amino-acid substitutions and the distribution
among the isolates described in this study are listed
in Table 3.

Among the six poxtA-positive isolates, whole genome
sequencing analysis identified the poxtA gene
corresponding to that from S. aureus AOUC-0915
(GenBank accession number: MFog5097) [7], either
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encoded on the chromosomes or carried by plasmids
(Table 2).

Among the five cfr-positive isolates, one E. faeca-
lis contained a chromosomal cfr corresponding to that
encoded on plasmid pSCFS3 from S. aureus (GenBank
accession number: AM086211.1) [15]. The remaining
isolates carried cfr(D) (GenBank accession number:
NG_067192) [16] located on plasmids (Table 2).

Detection of other antimicrobial resistance
genes

The phenicol resistance gene fexA was identified in 19
isolates, including E. faecalis (n=12), E. faecium (n=1)
and V. lutrae (n=6) (Table 2). The fexB gene was found
in nine isolates, including E. faecalis (n=5), E. fae-
cium (n=4) (Table 2 ). Other antimicrobial resistance
genes conferring resistance to phenicols, lincosa-
mides, macrolides, streptogramins, tetracycline, and
diaminopyrimidines are listed in Table 2.

None of the isolates in this study revealed the pres-
ence of mutations in domain V of the 23S rRNA gene
which are associated with linezolid resistance [9].

Molecular typing of Enterococcus

faecalis and Enterococcus faecium

MLST analysis forthe 17 E. faecalis identified13 different
STs, with ST593 (n=4) and ST207 (n=2) occurring more
than once (Table 2). Interestingly, all four E. faeca-
lis ST593, isolated from RMBDs from various types of
meat, carried the OptrA EYDNDM variant, while both E.
faecalis ST207 isolated from beef RMBDs carried OptrA
EDD_2. Two novel STs were identified among the E. fae-
calis, including ST1262 and ST1263 (Table 2).

The four E. faecium isolates were assigned to four
different STs (ST168, ST264, ST822, and ST1846
respectively, Table 2).

Discussion

The present study includes an assessment of the
occurrence of florfenicol resistant bacteria among 59
RMBDs consisting of various types of meat obtained
from different suppliers in two countries. A total
of 27 isolates, all harbouring oxazolidinone resist-
ance genes, were retrieved and analysed, including
17 E. faecalis, four E. faecium, and six V. lutrae. To
the best of our knowledge, this is the first report
of optrA-harbouring V. lutrae isolated from raw pet
food, although cfr(D)+optrA-carrying V. lutrae has
recently been isolated from a diseased pig in
China [17]. Moreover, plasmid-mediated transfer
of cfr from porcine V. lutrae to E. faecalis has been
documented [17]. Therefore, the occurrence of V.
lutrae harbouring optrA in multiple RMBDs consisting
of various meat types (beef, horse, poultry, or rabbit
meat respectively) suggests that this species, although
rarely pathogenic to humans, may play a role in the
dissemination of oxazolidinone resistance genes to
clinically important pathogens.

www.eurosurveillance.org

The overall prevalence of florfenicol resistant isolates
among the RMBD samples in this study was 24/59.
Regarding enterococci, the proportion of RMBDs con-
taining cfr-, optrA- or poxtA-harbouring isolates in this
study was 19/59, which is lower than the 64% reported
in a recent study focused on multidrug-resistant ente-
rococci in dog food in Portugal [18]. Although differ-
ences in study design and testing methodologies must
be considered when comparing these results, our data
support the previous finding that cfr- optrA- or poxtA-
harbouring enterococci are highly prevalent among
RMBDs. Conversely, while recent years have seen an
increase in popularity of feeding pets raw meat, many
owners underestimate the risks posed by the feeding of
RMBDs for both animal and human health [2], highlight-
ing the need to promote awareness among pet owners,
veterinary and public-health agencies, and RMBD sup-
pliers to mitigate the emergence and dissemination of
linezolid-resistant enterococci in the future. Moreover,
the high occurrence of florfenicol resistant isolates in
raw pet food made from meat primarily of European
origin is concerning and points to the importance of
rational use of florfenicol in the agricultural sector in
Europe and worldwide to mitigate co-selection of clini-
cally relevant oxazolidinone resistance genes in differ-
ent bacterial species.

Various E. faecalis and E. faecium STs identified in
this study have been found in clinical, animal, and
environmental samples worldwide [8,11,19-28]. For
example, optrA-carrying E. faecalis ST16 has been
recovered from human clinical samples in China,
Greece, and Denmark [19-22], from food-producing
animals [29], and from the aquatic environment [30].
Specifically, E. faecalis ST16 (isolate ID 40b) harbouring
the OptrA EYKKCDVASKELYNKQLEIG variant in this
study was identified previously in a human clinical iso-
late in the UK [31]. The detection of optrA-harbouring E.
faecalis ST16 in RMBDs provides further evidence of its
distribution across different sectors including humans,
food-producing animals, meat, and the environment.

Likewise, E. faecalis ST376 harbouring OptrA RDK vari-
ant (isolate ID AT34), has also been detected in human
clinical and environmental isolates in China, and in fat-
tening pigs in Switzerland [13,24,32]. E. faecalis ST593
carrying OptrA EYDNDM (isolates ATog, AT29, AT46a,
and AT49a, respectively) has also been identified
in clinical isolates in China [25]. Moreover, E. faeca-
lis ST1008 co-harbouring optrA and poxtA has been
identified in several raw pet food samples that are
commercially available across different countries in
Europe [18]. Lastly, E. faecium ST168 carrying poxtA has
previously been found in two human clinical isolates in
Caen, France [33].

Notably, while many previously described E. faeca-
lis and E. faecium with ST or oxazolidinone resistance
genes identical to those we identified exhibit
phenotypical resistance to linezolid [8,9,33-35], the
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TABLE 3

OptrA variants detected in 16 Enterococcus faecalis, two Enterococcus faecium, and six Vagococcus lutrae isolated from
RMBD samples, Switzerland, September 2018-May 2020 (n=11 variants)

Species (number of  Reference(s) to where the

Amino-acid substitution(s) and positions?

OptrA variant

isolates) variants are described
. E. faecalis (2), V.
b ’
Wild type None lutrae (3) [8,35]
DD_3 Y176D, G393D E. faecium (1) [9]
DDM Y176D G393D, 1622M E. faecium (1) [o]
EDD K3E, Y176D, G393D E. faecalis (2) [34]
EDD_2 K3E, G4oD, G393D E. faecalis (3) This study
EDM K3E, Y176D, 1622M V. lutrae (2) [34]
E. faecalis (g), V.

EYDNDM K3E, N12Y, Y176D, D247N, G393D, 1622M lutrae (1) [9]

K3E, N12Y, E37K, N122K, Y135C, Y176D, A350V,

V395A, A396S, Q509K, Q541E, M552L, N560Y, .
EYKKCDVASKELYNKQLEIG K562N, Q565K, E614Q, 16271, D633E, Né4ol, E. faecalis (1) [9]

R650G

K3E, N12Y, G4oN, N122K, Y135W, 1287K, A350V,

G393D, V395A, A396S, Q509K, Q541E, M552L, ; :
EYNKWKVDASKELYNKQLEIG N560Y, Ks62N, Q565K, S614Q, 16271, D633E, E. faecalis (1) This study

N64ol, R659G

KD T112K, Y176D E. faecalis (1) [9]
RDK l104R, Y176D, E256K E. faecalis (2) [9]

2 Substituted amino acids are shown in bold.

® Nt sequences correspond to optrAE349 (GenBank accession number: KP399637) and optrA_s [8].

only phenotypically resistant isolates according to CLSI
definitions in the current investigation were E. faeca-
lis ST256 (isolate AT50) harbouring OptrA KD, and V.
lutrae (isolate AT15) harbouring OptrA EDM [14]. This
finding is supportive of previous studies that observe
divergent linezolid MIC values among enterococcal spe-
cies, their STs, and the OptrA variants or poxtA genes
they harbour [13,34]. While it has been suggested that
bacterial host factors may play a role in the expression
of linezolid resistance genes [34], there is currently
insufficient understanding of the mechanisms that
determine the resistance phenotype of Gram-positive
bacterial species harbouring linezolid resistance deter-
minants. Although both linezolid resistant isolates in
this study harboured optrA on plasmids, no obvious
correlation of resistance phenotype with genomic
location of the resistance determinants can be made
using the data from this study, and further investiga-
tions would be required to determine the impact of
gene locations on the observed resistance phenotypes
of the host bacteria. The lack of a linezolid resistance
phenotype among many isolates in this study indicates
that our selective approach using florfenicol to detect
linezolid resistance mechanisms in enterococci and
other Gram-positive bacterial species may be helpful
for screening meat and meat-based products.

Finally, it is important to highlight some of the poten-
tial limitations of our study. First, results should be
interpreted considering our sampling strategy, which
was convenience-based. This led to only representa-
tion of RMBD suppliers from Germany and Switzerland,

and meats originating mostly from these two countries.
Thus, the results cannot be generalised to RMBD prod-
ucts that are available from other suppliers, or RMBDs
produced using meat from other countries in Europe.
Second, sample sizes were small and there were une-
qual sample sizes among the suppliers and among the
different meat types. Therefore, there remains the pos-
sibility of having introduced unintended selection bias.

Conclusions

The occurrence of isolates harbouring linezolid resist-
ance genes in raw dog food highlights the importance
of promoting awareness of the possible risks associ-
ated with RMBDs and of providing information to pet
owners on correct handling and feeding of RMBDs in
order to mitigate potential health risks.
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