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Project "LIN-RES”: Molecular Basis, Origin, Transferability and
Risk Factors Associated with Linezolid-Resistance in Gram-
Positive Bacteria of Human and Animal Origin.

M. Timmermans! ¢« M. Grobbel2 » S. Granier3 » E. Broens? s M. A. Argudin®» P. Wattiaul » D. Fretinl
0. Denis® » C. Boland!?

1. Veterinary Bactericlogy, Sciensano, Ixelles, Belgium « 2. Biological Safety, Federal Institute for Risk Assessment, Berlin, Germany = 3. Food Safety,
French Agency for Food, Environmental and Occupational Health & Safety, Maisons-Alfort, France Infectious Diseases and Immunolegy, Utrecht
University, Utrecht, Netherlands » 5. Department of Microbiology, Laboratoire Hospitalier Universitaire de Bruxelles (LHUB-ULB) Site Anderlecht,
Hdpital Erasme-Cliniques universitaires de Bruxelles, Universiteé Libre de Bruxelles, Brussels, Belgium = 6. School of Public Health, Université Libre de
Bruxelles, Brussels, Belgium

Linezolid belongs to the oxazolidinene family of antimicrobials and is one of the last resort drug used to fight human infections caused by multi-
resistant Gram-positive bacteria such as Staphylococci and Enterococci. It is commercially avallable since 2000 and has not been licensed for
use in animals. Qutside of clinical care settings, resistance to Linezolid is rare and attributable to a transferable 23SrRNA methylase encoded by
the cfir gene (for Chloramphenicol Florfenicol Resistance). Two other genes confer resistance to linezolid, optrA and poxtA and code respectively
for an ABC protein family and for an ARE ABC-F family protein. In this work, we investigated Livestock-associated Gram positive
(staphylococcus and enterococcus) and strains isclated from hurman samples characterized by a Linezolid Minimal Inhibitory Concentration
(LZD-MIC) >4 pg ml-1.

METHODS

Animal MRSA (Methicilin Resistant Staphviococcus aureus) strains (n=31) were isolated from pools of nasal swabs taken from healthy
Belgian pigs sampled at farm in 2019. Animal enterococcus strains (n=198) were isolated from pigs, bovines or poultry faeces/caecal
content on Slanetz and Bartley plates in 2019 in Belgium. Strains were then isolated on Columbia Sheep Blood plates supplemented with
linezolid at 4ug ml-1. More strains were collected via collaborations or came from previous monitoring campaigns. Susceptibllity to linezolid
is determine by the micro dilution method (Sensititre®). Resistant isolates were sequenced by Illumina MiSeq sequencing to determine
which gene is responsible of the linezolid resistance and to analyze the genetic environment of these genes.

RESULTS

Isclation MIC

Isolates Within the animal samples collected since January 2019 (n= 229} in
Belgium, 3 (1.31%) contains strains resistant to linezolid according to the

MSA-06488-1 2016 8 5. aweus Pig epidemiological cut-off recommended by EUCAST (ECOFF = 4ug mit). The
5 : . origin of the strains are multiple as shown in table 1 and all of them
MSA-08895-1 2016 B seaticts Fig originated from healthy animals, The 3 Staphylococcus aureus strains
36656 2018 4 E. faecium Human belong to the clonal complex 398 and spa type t011 which is very common

in livestock. One of the MRSA was isolated from a human farmer clinical
case from Belgium. According to table 1, one of the strains is sensitive to
5421 2015 i S srEis S linezolid but grown on medium supplemented with linezolid 4pg mi!

suggesting a MIC close to the ECOFF value. Five of the 8 strains have been

36079 2017 8 E faecalis Human

U1501103 2019 16 £ faecalis  Bovine sequenced and all of the five strains carried a resistance gene against
U1901112 2019 16 £ faecalis iy oxazoh_dlnone, cfr or opirA (FabJe 2). Interefstmgly, cfr was found in our

study in Staphylococcus strains and optrdA in Enterccoccus strains. This
U1903107 2019 8 E faegium Pig observation fits with previous publications where cfr was mostly present in

Table 1: Minimal Inhibitory Concentrations (pg mi ) determined far linezolid by Sensititer.  Staphylococcus and eptrA mostly in enterococcus. In both cases, fexA was
RUICs3toring above CCORE sretined associated with the ofr/optrA genes suggesting a co-selection.
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Table 2: Antimicrobial resistance genes found in the genome of 5 of the 8 LZD-RES strains from the table 1: expected phenotype and gename mapping positions.
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The 3 MRSA strains have the same genetic organization. Indeed,
Fi2 02300 {33.8in piaseid cfr was found associated with fexA and surrounded by

5. ephdermidis fram a Germen heselta
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transpescn elements. The contigs containing cfr and fexA hit with
a plasmid of 38.8Kb isolated from a S. epidermidis from a
German hospital. The 3 contigs containing cfr have more than
989% of identities with the commeon part of this plasmid. This
association of c¢fr and fexA is found in multiple Staphyloceccus
species from different geographical regions of the globe. The
transferability of this element containing cfr and fexA still need to
be proved experimentally.

The genetic environment of the Enterococci still need to be
analyzed to know which element are present around the optra
and fexA genes but the first cbservations showed a Tnp

Topis s w o o :

— — associated element (data not shown). More analysis are
Figure: ORF alignment and structural organisation of the highly conserved cfi-cantaining DNA regian identified in one nEC(.ESSaI’y to analyze the genEt‘C envi I’Dr‘ll’ner’lt OF the EﬂtErDCDCCI
ofthe 3 LZD-RES MRSAs. The schemiatic representation is the same for the 3 MRSA stiaine. strains.

CONCLUSION AND PERSPECTIVES

The data presented here demonstrate the co-occurrence of cfr or optrA and fexA. The cfi/fexA element is carried on a conserved transposon-like
element, carried by different plasmids hosted in various Staphylococci species isolated from both animal and human isolates. The optrA/fexA
element is present in the 2 Enterococcl sequenced strains. Further analysis will be done on the other strains to investigate the observed
resistances. The presence of linezolid resistance in animal strains is worrying as this antibictic is not licensed for animal use and is a last resort
drug for human infections. This observation and the fact that fexA is found associated with cfir and opfrA suggest a co-selection of these genes,
potentially due to the use of phenicols. The transferability of these elements will be analyzed in the future.
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