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The rapid rise and dissemination of multidrug-resistant (MDR) bacteria are a major
threat to public health worldwide and have narrowed the treatment options for

infections caused by these bacteria (1). Colistin is one of the last-resort drugs for the
treatment of infections caused by MDR Gram-negative bacteria. However, within the
past 2 years, shortly after the report of the first plasmid-mediated colistin resistance
gene, mcr-1, in 2015, four other mobile colistin resistance genes (mcr-2, mcr-3, mcr-4,
and mcr-5) and multiple variants have been reported (2–6). Compared to mcr-2, mcr-4,
and mcr-5, which have been detected solely in Europe so far, both mcr-1 and mcr-3
have been identified globally. Here, we report a novel mcr-3 variant in Aeromonas
caviae, Proteus mirabilis, and Escherichia coli from a single domestic duck.

A total of 15 cloacal samples were obtained from free-range domestic ducks near a
river in a suburban area of Qingdao City, Shandong Province, China, in March 2017.
Direct sample testing was then performed on all 15 samples to detect the mcr-3 gene,
and only one sample was identified as mcr-3 positive. The sample positive for mcr-3 was
further isolated on CHROMagar orientation agar plates (bioMérieux, Lyon, France)
containing 2 mg/liter colistin. Three mcr-3-positive strains, A. caviae 17AC, P. mirabilis
17PM, and E. coli 17EC, were obtained, and their sequences were confirmed by using
16S rRNA gene sequencing and matrix-assisted laser desorption ionization–time of
flight (MALDI-TOF) mass spectrometry analysis.

A. caviae 17AC, P. mirabilis 17PM, and E. coli 17EC were then subjected to 150-bp
paired-end whole-genome sequencing (WGS) using the Illumina HiSeq 2500 platform
(Annoroad, Beijing, China). The draft genomes were assembled using CLC Genomics
Workbench 9.0 (CLC Bio, Aarhus, Denmark), and all contigs were searched for mcr-3 by
standalone BLAST analysis. WGS analysis identified mcr-3-carrying fragments in each
genome, including a 26.2-kb contig from 17AC, a 17.8-kb contig from 17PM, and a
13.0-kb contig from 17EC. An mcr-3 variant gene in three contigs showed 98.83%
nucleotide sequence identity to mcr-3 from porcine E. coli. The deduced protein
sequence differed from MCR-3.1 by seven amino acid substitutions, one of which
(V122G) was located in a putative transmembrane region, while the remaining six
(R297L, I313V, E337K, H341Y, D358E, and Q468K) were in the catalytic domain. This
novel mcr-3 variant was designated mcr-3.10. A. caviae 17AC and E. coli 17EC belong to
novel sequence types (STs), ST513 and ST457, respectively. E. coli of ST457 carrying
mcr-1 has been reported from humans in the United States and Vietnam (7, 8). Plasmid
replicon typing revealed that the mcr-3.10-carrying plasmid in both 17EC and its
transconjugant T-17EC belongs to the IncI2 replicon.
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A conjugation experiment showed that mcr-3.10 was able to be transferred from
donor strain E. coli 17EC to recipient strain E. coli J53, and transconjugant T-17EC was
obtained and its sequence confirmed by PCR targeting of mcr-3.10 with Sanger
sequencing. S1 nuclease pulsed-field gel electrophoresis (S1-PFGE) and Southern blot-
ting indicated that mcr-3.10 is located on a chromosome in A. caviae 17AC and P.
mirabilis 17PM and on an �45-kb plasmid, named p17EC, in E. coli 17EC (see Fig. S1 in
the supplemental material).

An antimicrobial susceptibility test was performed according to the guidelines of the
Clinical and Laboratory Standards Institute (CLSI). The breakpoints for each antimicro-
bial agent were interpreted according to CLSI standards (9) and those of the European
Committee on Antimicrobial Susceptibility Testing (http://www.eucast.org) (10). All
three mcr-3.10-carrying isolates showed resistance to most of the tested antimicrobial
agents, including colistin (8 to 32 �g/ml), polymyxin B (8 to 32 �g/ml), gentamicin (16
to 512 �g/ml), chloramphenicol (128 to 512 �g/ml), ciprofloxacin (32 to 128 �g/ml),
and tetracycline (16 to 128 �g/ml), and they remained sensitive to imipenem (0.13
�g/ml) and meropenem (0.06 �g/ml). Like the original mcr-3 gene, the mcr-3.10 gene
resulted in an 8-fold increase in the MIC of colistin (2 mg/liter) for transconjugant
T-17EC compared with that for the recipient E. coli J53 (0.25 mg/liter). It also exhibited
resistance to gentamicin and tetracycline, which can be conferred by ant(6)-Ia and the
tet(D) gene identified in p17EC, respectively (Table S1).

Genetic-environment analysis revealed that the 13.0-kb mcr-3.10-carrying contig
in 17EC showed 100% nucleotide sequence identity to the corresponding regions
of the 26.2-kb contig from 17AC and the 17.8-kb contig from 17PM. A complete
insertion sequence (IS), ISAs13 (https://www-is.biotoul.fr/scripts/ficheIS.php?name
�ISAs13), which originated from Aeromonas salmonicida, was located upstream of
mcr-3.10 in both 17AC and 17PM. In addition, an IS-like structure with 87% nucleotide
identity to ISAs22 was located downstream of mcr-3.10. This IS-like element was 1,198
bp in length and contained two open reading frames flanked by imperfect putative
inverted repeats (IRs) (right IR, 12 bp; left IR, 11 bp). This IS-like element was submitted
to the ISfinder database (https://www-is.biotoul.fr/scripts/ficheIS.php?name�ISAeca6)
and was assigned the designation ISAeca6, which belongs to the IS3 family (Fig. 1).
Identical 13.0-kb mcr-3.10-carrying structures shared by three different bacterial species
within one duck further confirm the dissemination of mcr-3 between Aeromonas and
Enterobacteriaceae in animal guts. Interestingly, the presence of mcr-3.10 in Proteus

FIG 1 Genetic organizations of scaffolds containing mcr-3.10 obtained from A. caviae 17AC, P. mirabilis 17PM, and E. coli 17EC in this study and structural
comparison with plasmid pWJ1 from E. coli WJ1 (GenBank accession no. KY924928) and with the complete genome sequence of E. coli Y5 (GenBank accession
no. CP013483.1). The positions and orientations of the genes are indicated by arrows, with the direction of transcription shown by the arrowhead. Gray shading
indicates �90% nucleotide sequence identity. The 9-bp direct repeat (5=-GTGTATCAT-3=) of ISAs13 and the 4-bp direct repeats (5=-TTAT-3=) of ISAeca6 are boxed.
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mirabilis indicated that even the naturally colistin-resistant bacterial species may serve
as a reservoir of the mcr-3 variant gene.

Accession number(s). The nucleotide sequence of the 26.2-kb contig carrying
mcr-3.10 in A. caviae 17AC determined in this study has been deposited in GenBank
under accession number MG214531.
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