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Carbapenems are critically important antimicrobials for the treatment of clinical infections caused by MDR Enterobacteriaceae, with
colistin reserved for those cases in which even carbapenems are ineffective. Therefore, co-localization of carbapenem and colistin resistance genes on the same plasmid is worrisome and, to date, has
been described only in China in an Escherichia coli from a diseased
chicken (blaNDM-4 and mcr-1 on an IncHI2/ST3 plasmid)1 and in an
E. coli from a diseased pet cat (blaNDM-5 and mcr-1 on an IncX3-X4
hybrid plasmid).2 Here, we report a novel case of co-localization of
blaOXA-162 carbapenemase and mcr-1 on a transferable IncHI2
plasmid in E. coli from a healthy broiler chicken in Europe.
Within the framework of the specific monitoring of ESBL-, AmpCor carbapenemase-producing indicator commensal E. coli
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according to Commission Implementing Decision 2013/652/EU ‘on
the monitoring and reporting of antimicrobial resistance in zoonotic
and commensal bacteria’, four presumptive carbapenemaseproducing E. coli from chicken caeca and meat were collected in
Romania in 2016 (Table S1, available as Supplementary data at JAC
Online). The four isolates were tested for antimicrobial susceptibility
by broth microdilution using EUVSEC and EUVSEC2 Sensititre panels
(Thermo Fisher Scientific, MA, USA) according to the manufacturer’s
instructions and obtained MIC values were interpreted according to
EUCAST epidemiological cut-off values (http://eucast.org/).
Confirmed carbapenemase-producing isolates were sequenced
(WGS) using Illumina MiSeq (CA, USA) as previously described3 and
PacBio (Menlo Park, CA, USA) technologies. PacBio sequences were
de novo assembled using the Hierarchical Genome Assembly
Process version 4.0 (HGAPv4) with the ‘aggressive option’ and the final polished sequence was obtained using the Resequencing analysis (default settings). De novo assembly of Illumina reads and
analyses of assembled sequences were performed using the CGE
tools with default settings (http://www.genomicepidemiology.org/).
Accession numbers are in Table S2. BLASTn analyses, alignments
and mapping were carried out using CLC Genomics workbench v20.
0.4 (Qiagen, Aarhus, Denmark) and plasmids were annotated using
RAST.4 Previously described IncHI2 plasmids, including the IncHI2
prototype plasmid R478 and representative IncHI2 plasmids with
and without mcr-1 (Table S3), were used for comparison, which was
visualized using BRIG.5 Plasmid transferability was assessed by
filter-mating experiments. Briefly, strain CFSAN083827 was used as
the donor and E. coli MT102 and Salmonella Typhimurium SL5324
were used as recipients in independent experiments.
Transconjugants were selected on selective medium containing colistin (2 mg/L), cefotaxime (0.5 mg/L) and rifampicin (50 mg/L) and
verified using PCR for mcr6 and blaOXA-48,7 followed by WGS
(Illumina MiSeq) and bioinformatics analyses as described above.
The carbapenemase phenotype (meropenem MIC .0.12 mg/L)
was confirmed for three isolates that also exhibited resistance to
antimicrobials other than b-lactams and one of them also showed
colistin resistance. See Table S1. Genomic characterization showed
that the three isolates had different serotypes, STs, plasmid contents, antimicrobial resistance genes and parC mutations
mediating fluoroquinolone resistance. The carbapenemase phenotype was mediated by blaOXA-162, which was carried on IncHI2/
pST4 plasmids. These IncHI2 plasmids, here designated
pCFSAN083827_1, pCFSAN083828_1 and pCFSAN083829_1, had a
GC content of 46.8%, 47.1% and 46.3%, respectively, and differed
by size (Table S1). blaOXA-162 was carried on the 21.9 kb transposon
Tn6237 (Figure 1a). In all three plasmids, Tn6237 was almost entirely conserved (.99.5% nucleotide identity and 100% sequence
length) compared with pRA35.8 Sequence alignment showed that
Tn6237 was identical across the three plasmids, with the exception
of one SNP in parB. In pCFSAN083828_1 and pCFSAN083829_1 a
C was found at position 341, which is similar to pRA35, whereas
pCFSAN083827_1 had a T. This leads to a L (leucine) in
pCFSAN083827_1 and P (proline) in pCFSAN083828_1 and
pCFSAN083829_1 at amino acid position 114. The parB sequence of
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Figure 1. BLAST atlases of IncHI2 plasmids. (a) IncHI2 plasmids from this study. pCFSAN083828_1 (p828, due to layout limitations) and
pCFSAN083829_1 (p829) were compared with pCFSAN083827_1 (p827; reference sequence). Mobile element (meb), insertion sequence (IS) and
transposase (tnp) genes are shown in purple, whereas IncHI2 backbone genes are shown in grey. Antimicrobial resistance genes are shown in black
and it can be seen that only pCFSAN083829_1 is missing aph(3’’)-Ib, aph(6)-Id, floR and sul2. Notably, only pCFSAN083827_1 carries mcr-1 located on
Tn6330, whereas all three plasmids carry blaOXA-162 located on Tn6237. (b) Comparative plasmid analysis. The three IncHI2/ST4 plasmids from this
study were compared with other IncHI2 plasmids of ST1, 3 and 4 (Table S1) using pCFSAN083827_1 as the reference sequence. Tn6237 is only found
in the plasmids from this study, whereas replication (rep), transfer (tra) and tellurium resistance (ter) genes were nearly entirely conserved among all
analysed plasmids. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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pCFSAN083827_1 has no 100% identical sequence in GenBank,
whereas that of pCFSAN083828_1 and pCFSAN083829_1 has.
Notably, plasmid pCFSAN083827_1 carried the colistin resistance gene mcr-1 on a 4.7 kb transposon, i.e. Tn6330,9 flanked by
ISApl1 (Figure 1a). In pCFSAN083827_1, Tn6330 was entirely conserved (100% nucleotide identity and 100% sequence length) and
was located next to a region of conjugative transfer genes (Figure
1a). Comparison of the three plasmids from this study with selected IncHI2 plasmids showed that Tn6237 (carrying blaOXA-162)
was only present in the plasmids from this study, whereas Tn6330
was also found on other IncHI2 plasmids inserted at the same position (Figure 1b). The replication, transfer and tellurium resistance
genes were nearly entirely conserved among all analysed IncHI2
plasmids (Figure 1b). The filter-mating experiment confirmed that
pCFSAN083827_1 was transferable from isolate CFSAN083827 to
the E. coli and Salmonella sp. recipients and transferred all of its antimicrobial resistance genes (Table S1).
Previously, mcr-1-carrying IncHI2 plasmids have been widely
observed among isolates from chickens, other production
animals and food products from Europe10 and, indeed,
pCFSAN083827_1 shared similarities with those plasmids, including, among others, the Tn6330 insertion site (Figure 1b). However,
the presence of Tn6237 with blaOXA-162 on an mcr-1-carrying
IncHI2 plasmid is unique. This study highlights the importance of
monitoring antimicrobial resistance in a One Health perspective by
leveraging on WGS technologies that allow fine resolution of mobilizable elements mediating resistance.

