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The emergence of clinical linezolid-resistant enterococci (LRE) 

as been described in several countries, and LRE isolates harbour- 

ng a cfr / cfr -like, optrA - and poxtA -encoding plasmid were reported

rom animals, mostly from Asian countries and from livestock ani- 

als [1] . 

This is the first report of optrA -containing E. feacalis in a wild 

aptor. 

The adult female Peregrine falcon (Falco peregrinus subspecies 

eregrinus) (id WU476), a medium-sized bird of prey, was found 

n Spoleto, central Italy, in June 2021. The animal presented with 

 perforating wound of the right wing, probably as a consequence 

f a gunshot. The falcon was collected by a wildlife rehabilitation 

enter and then admitted to a veterinary hospital, where it was 

ed with frozen chicks and orally treated with doxycycline at 25 

g/Kg for fifteen days. After two weeks without sign of healing, 

he animal was humanely euthanized. 

Lung, kidney, brain, and swabs from the skin lesion and from 

he humeral-radial joint underwent culture using a blood agar 

late (5%) and were incubated at 37 °C for 24 h. From every sam- 

le, pure colonies were identified as E. faecalis by MALDI-TOF MS 

Bruker Daltonics, Bremen, Germany) and confirmed as belonging 

o the same clone by SmaI-PFGE assay. 

The strain, named E. faecalis 30488, exhibited resistance to line- 

olid, chloramphenicol, florfenicol, tetracycline, and erythromycin, 

nd susceptibility to tedizolid and vancomycin using broth mi- 

rodilution assays. 

E. faecalis 30488 was screened by polymerase chain reaction for 

he presence of the cfr / cfr -like, optrA , and poxtA genes (Supplemen-

ary Table S1). The strain carried only the optrA gene and Sanger 

equencing showed that was identical to the wild type sequence. 

Conjugation and transformation assays, using 10 mg/L florfeni- 

ol for selection, failed to demonstrate the transferability of the op- 

rA gene to E. faecalis JH2-2 recipient. 

S1-PFGE analysis revealed a plasmid of ∼75 Kb. However, hy- 

ridization experiments displayed a chromosomal location of the 

ptrA gene. 

E. faecalis 30488 was subjected to whole genome sequenc- 

ng (WGS) using an Illumina MiSeq platform (MicrobesNG, Birm- 

ngham, UK) with a 2 × 250-bp paired-end approach. De novo 

ssembly of WGS data was performed using Unicycler v0.4.0 

 https://github.com/rrwick/Unicycler ). In silico analysis of resis- 

ome, virulome, and sequence type was carried out using tools 

vailable at the Center for Genomic Epidemiology ( http://www. 

enomicepidemiology.org/ ). The WGS data of the E. faecalis 30488 
ttps://doi.org/10.1016/j.jgar.2022.12.006 

213-7165/© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Soc

Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
s available under the BioProject ID PRJNA850894 (accession no: 

AMYXD0 0 0 0 0 0 0 0 0 ). 

Resistome and virulome analysis revealed the presence of 12 

esistance genes and several virulence factors. WGS analysis as- 

igned the E. faecalis 30488 strain to sequence type (ST) 476, which 

as previously been associated with human and animal enterococci 

 2 , 3 ]. 

The WGS of the E. faecalis 30488 strain was compared with 

ublicly available optrA -harbouring E. faecalis ST476 genomes: four 

linical isolates and six isolates from swine and chicken faeces or 

hicken meat (Supplementary Table S2). The phylogenetic related- 

ess of sequenced isolates was evaluated with CSI Phylogeny 1.4 

 https://cge.food.dtu.dk/services/CSIPhylogeny/ ), using default pa- 

ameters, to infer phylogenetic trees from assembled WGS data. 

he E. faecalis V583 (GenBank accession no. NC 004668.1 ) suscep- 

ible to linezolid was used as reference genome, and all genomic 

elatedness is shown in Fig. 1 and in Supplementary Table S2. From 

hylogenetic analysis, the E. faecalis 30488 strain is closely related 

o the E. faecalis S338 strain (differing by 27 SNPs) previously iso- 

ated from swine farms in central Italy [3] . However, the cgMLST 

nalysis assigns two different com plex types to the raptor and pig 

solates, since they differ by 18 alleles (Supplementary Fig. S1) 

The strain exhibited 108–166 separating SNPs from E. faecalis 

solates of clinical origin (Table S2). 

Genome analysis showed that the optrA gene — linked to fexA 

nd adjacent to a complete Tn 554 element containing erm (A) and 

pc genes — was carried by a chromosomal Tn 6674 -like transpo- 

on (12.039 bp) (GenBank accession no. ON456383 ) inserted in 

adC (encoding a DNA repair protein). The Tn 6674 -like transposon 

as 99% identical (coverage 93%) to the Tn 6674 (GenBank acces- 

ion no. MK737778 ) first reported in the porcine E. faecalis E1731 

train from China (Supplementary Fig. S2). 

Several authors have described an increased risk of acquiring 

ntibiotic-resistant bacteria (ARB) for animals living close to an- 

hropogenic sources [ 4 , 5 ]. Raptors have access to different ecolog- 

cal niches and are at the top of the food chain: here, the falcon 

ight have acquired the linezolid-resistant E. faecalis from the en- 

ironment, as it was found in an area characterized by human set- 

lements and livestock farms. In addition, we cannot exclude that 

he falcon acquired the infection from the chicks used as feed dur- 

ng the period of hospitalization, as other authors have hypothe- 

ized this route for the transmission of ARB to raptors in captivity. 

hese hypotheses could not be supported by phylogenetic analysis, 

hich assigned our isolate to a newly described clonal type (Sup- 

lementary Fig. S1) [ 4 , 5 ]. 

Wildlife centers could represent a possible source of ARB for 

nimals and for their caretakers, who in turn can spread them 

o the wider community [5] . Indeed, the falcon could have re- 

eased this bacterium in the environment if returned to the natu- 

al habitat, contributing to the environmental pollution by ARB [5] . 

he identification of E. faecalis harbouring the linezolid resistance 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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Fig. 1. Phylogenetic correlation between E. faecalis ST476 isolates resistant to linezolid and harbouring the optrA gene. The E. faecalis V583 strain is susceptible to linezolid 

and was used as a reference genome. The phylogenetic relatedness of sequenced isolates was evaluated with CSI Phylogeny 1.4 ( https://cge.food.dtu.dk/services/CSIPhylogeny/ ) 

using default parameters. The tree was annotated using the iTOL interactive user interface ( https://itol.embl.de ). The colorful/colorless dots indicate the presence/absence of 

the virulence and resistance genes. 
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ene optrA in wild animals, especially in birds, is highly worrisome 

ith regard to the dissemination of LRE among different ecological 

iches. 
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