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ABSTRACT Two multidrug-resistant and carbapenemase-producing Escherichia coli
clones of sequence type 410 were isolated from fecal samples of a dog with skin
infection on admission to an animal hospital in Portugal and 1 month after dis-
charge. Whole-genome sequencing revealed a 126,409-bp Col156/IncFIA/IncFII mul-
tidrug resistance plasmid and a 51,479-bp IncX3 blaOXA-181-containing plasmid. The
chromosome and plasmids carried virulence genes characteristic for uropathogenic
E. coli, indicating that dogs may carry multidrug-resistant E. coli isolates related to
those causing urinary tract infections in humans.
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Carbapenemase-producing Enterobacterales (CPE) represent a major public health
issue, and their detection in animals has been increasing worldwide (1). So far, a

predominant proportion of carbapenemase-producing Escherichia coli (CPEc) isolates asso-
ciated with infections in humans belong to specific clonal lineages (2). Among them, the
high-risk multidrug-resistant (MDR) sequence type (ST) 410 shows strong potential for
transmission between different hosts, including companion animals (CAs) and humans (1,
3). CPEc ST410 isolates were identified in the United Kingdom in 2016 (4), South Korea in
2017 (5), and Switzerland in 2018 (6), mostly associated with nosocomial carriage (6).
Because of this CPE emergence in CAs and the potential transmission to humans (3, 7), we
assessed CPE gut carriage in healthy CAs from the community, CAs with urinary tract
infections (UTIs), and CAs suffering from skin and soft tissue infections (SSTIs) who attended
the University Veterinary Teaching Hospital (UVTH) in Lisbon, Portugal.

Fecal samples of 71 healthy CAs (47 dogs and 24 cats) were collected at home, and
samples of 15 CAs with UTIs (13 dogs and 2 cats) and 12 CAs with SSTIs (11 dogs
and 1 cat) were taken on admission to UVTH for CPE screening between January 2016
and August 2019. Signed informed consent from the owners and ethical approval were
obtained (CEBEA 027/2018). Samples were plated, with and without preenrichment in
peptone water, onto MacConkey agar plates supplemented with antibiotic discs con-
taining meropenem (10 �g), temocillin (30 �g), and CAT-ID (Mastdiscs ID for CPE
screening). Isolates were identified using matrix-assisted laser desorption ionization–
time of flight mass spectrometry (Brucker). Carbapenemase production was assessed
using Blue-Carba (8). One dog from the SSTI group tested positive for CPEc (strain
PT113) on admission in 2017 and was still positive after 1 month (strain PT109). Strains
PT109 and PT113 were nonsusceptible to ampicillin (64 �g/ml), ceftazidime (�128 �g/ml),
cefotaxime (�64 �g/ml), cefepime (�32 �g/ml), ciprofloxacin (�8 �g/ml), chlorampheni-
col (16 �g/ml), ertapenem (1 �g/ml), sulfamethoxazole (�1024 �g/ml), trimethoprim
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(�32 �g/ml), and tetracycline (�64 �g/ml) as determined by broth microdilution (EUVSEC/
EUVSEC2, Thermo Fisher Scientific) according to CLSI recommendations (9).

The genomic sequence of strain PT109 was obtained using MinION R.9.4.1 flow cell
(Oxford Nanopore Technology) and Novaseq6000 (Illumina) and assembled with Uni-
cycler (v0.4.4); whereas strain PT113 was sequenced with Novaseq6000, read mapped
to contigs of strain PT109 (Geneious v10.1.3), and assembled using SPAdes (v3.12.0).
The full assembly of strain PT109 resulted in the 4,815,030-bp chromosome (GenBank
accession no. CP041031), the 126,409-bp Col156/IncFIA/IncFII plasmid pLB_CTX-M-15
(GenBank accession no. CP041032), and the 51,479-bp IncX3 plasmid pLB_OXA-181
(GenBank accession no. CP041033). PlasmidFinder 2.1, ResFinder 3.2, MLST 2.0, Sero-
typeFinder 2.0, VirulenceFinder 2.0, (http://www.genomicepidemiology.org/), virulence
factor database (http://www.mgc.ac.cn/VFs/main.htm), ISfinder (https://isfinder.biotoul
.fr/) and INTEGRALL (http://integrall.bio.ua.pt/) were used for in silico analyses.

Strains PT109 and PT113 belonged to ST410 and their serotypes to the recently
described genotype OgN5 (10). The colanic acid operon was upstream of the O locus,
which is crucial for biofilm production, withstanding desiccation (11), and for protection
against complement-mediated killing in serum (12). The strains contained amino acid
substitutions associated with fluoroquinolone resistance in GyrA (S83L and D87N) and
ParC (S80I), as well as multiple antimicrobial resistance genes (ARGs) on plasmids
pLB_CTX-M-15 and pLB_OXA-181 (Fig. 1). Plasmid pLB_OXA-181 was virtually identical
to other OXA-181-containing IncX3 plasmids in the NCBI database (1 single nucleotide
polymorphism difference) (5) (Fig. 1). The two plasmids sharing the closest similarity to
pLB_CTX-M-15 lack the resistance integron In54 or the iron transport systems (Fig. 1).

FIG 1 Circular map of plasmid pLB_OXA-181 (CP041033) (A) and plasmid pLB_CTX-M-15 (CP041032) (B) found in PT109. The colored outer rings represent
regions of homology that both plasmids share with their three closest relative plasmids found in the GenBank database. Genes present in pLB_OXA-181 and
pLB_CTX-M-15 are portrayed as arrows in the inner ring of each circular map and are colored according to their gene function classification. (A) First outer ring
(light green), p_AN-OXA-181 (MK416154); second outer ring (green), pKBN10P04869C (CP026476); third outer ring (dark green), p266917_2_04 (CP026727). (B)
First outer ring (pink), RSC105_pI (LO017737); second outer ring (red), pAR_0011 (CP024856); third outer ring (burgundy), pEC517_1 (CP018964). The scale circle
shows the coordinates in kilobase pairs of the reference plasmid. Antibiotic resistance genes and their functions: aadA, streptomycin/spectinomycin
adenyltransferase; aac(6=)-Ib-cr, aminoglycoside and quinolone acetyltransferase; blaOXA-1, �-lactamase; blaCTX-M-15, extended-spectrum �-lactamase; blaOXA-181,
carbapenemase; dfrA17, trimethoprim-insensitive dihydrofolate reductase; mph(A), macrolide phosphotransferase; sul1, sulfonamide-insensitive dihydropteroate
synthase; tet(A), tetracycline efflux pump; qnrS1, DNA gyrase protection gene conferring low-level resistance to fluoroquinolones. Genes are represented by
colored blocks: red, antibiotic resistance genes; lime, genes associated with higher fitness; purple, genes associated with resistance to disinfectants and heavy
metals; orange, transposase genes, transposons (Tn), and insertion sequences (IS); green, integrase genes; light turquoise, conjugation-associated genes; blue,
genes associated with partition, modification, and stability systems; dark blue, replication genes; black, virulence genes; pink, toxin genes; gray, other genes.
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The genome of PT109 and PT113 exhibited a repertoire of virulence factors (n � 25)
that classified them as extraintestinal pathogenic E. coli (ExPEC) strains (13) (Table 1).
Specifically, 12 of them were characteristic for uropathogenic E. coli (UPEC) (Table 1).
UPEC virulence factors, such as the iron-related systems SitABCD, aerobactin (iucABCD,
iutA), and CjrABC-SenB, and the arginine deiminase operon (ADO) (arcACBDR) were all
located on pLB_CTX-M-15 (Fig. 1). The cjrABC-senB gene cluster is involved in the
virulence of UPEC in humans (14), and ADO has enhanced the capacity of a wild-type
strain of E. coli to infect kidneys in a mouse model (15), indicating that PT109 and PT113
isolates have strong potential for developing UTIs in humans (13–15).

Comparative analysis of the virulence and ARGs found in strains PT109 and PT113
with those of other ST410 strains from NCBI showed that they all contained different
ARGs but shared equally 12 of the virulence factors (see Tables S1 and S2 in the
supplemental material). However, presence of the sit operon (40% of strains) and
aerobactin was less common (35%); whereas the colanic acid operon (25%), yersini-
abactin (21%), and CjrABC-SenB (4%) were rarely detected (see Table S2). In fact, none
of these other strains possessed the same virulence and resistance traits as PT109 and
PT113, emphasizing the genetic plasticity and the variable pathogenic potential of the
ST410 lineage. These different factors might have contributed to the colonization
success and persistence capacity of strains PT109 and PT113, which cannot be ex-
plained by antibiotic selective pressure alone.

The genetic relationship among PT109, PT113, and other ST410 strains from the
GenBank database (n � 26) was also determined using an ad hoc core genome MLST
analysis comparing 3,375 genes common to all strains (cgMLST Target Definer, Se-
qsphere� v6.0.2). The resulting phylogenetic analysis dissociated PT109 and PT113
from the other CPEc isolates of animal origin but connected them to human strains
isolated from urine, which supports the assumption that both strains have potential for
developing UTIs in humans (Fig. 2). Strains PT109 and PT113 were highly genetically
related, differing by only one allele, whereas they differed from the other ST410 strains
by at least 23 and up to 262 different alleles. Strains from the same clade of PT109 and
PT113 (CP018965, CP035325, CP032426, and CP035123) shared most virulence factors
(n � 24/25) and contained the same genotype OgN5, suggesting that specific ST410
lineages are more likely to be successful in colonization and/or infection.

FIG 2 Phylogenetic neighbor-joining tree of all complete and/or circular genomes of E. coli ST410 strains available in the GenBank database (n � 26; accessed
5 August 2019), together with PT109 (GenBank accession no. CP041031) and PT113. The phylogenetic neighbor-joining tree was based on the parameters
“pairwise ignoring missing values” and “percentage columns difference.” The accession numbers of the sequences included in the tree are shown in the
rounded rectangles, which are colored depending on their isolation source; when provided, details of the isolation source and carbapenemase production are shown
by colored circles and rectangles, respectively. Accession numbers used were LS998785 (strain EC-TO75), CP013112 (YD786), CP018965 (Ecol_517), CP035325
(BR12-DEC), CP032426 (SCEC020001), CP041031 (PT109), CP035123 (EC25), LR595691 (EcMAD1), CP040397 (BA22372), CP027205 (WCHEC025943), CP024801
(AMA1167), CP034958 (SCEC020026), CP033401 (WCHEC020031), CP026473 (KBN10P04869), CP040886 (K71-77), LT594504 (RL465), CP029122 (AR434), CP029630
(ST410), CP035944 (AR24.2b), CP040067 (A1_181), CP040381 (A1_180), CP031653 (UK_Dog_Liverpool), CP031231 (Es_ST410_NW1_NDM_09_2017), CP029108 (AR437),
CP023899 (FDAARGOS_433), CP034966 (WCHEC020032), and CP029369 (WCHEC035148).
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This study provided in-depth characterization of the first OXA-181-producing ExPEC
obtained in a veterinary environment and comparison with other ST410 strains. De-
tection of the same clone within a 1-month period indicated that such MDR and
carbapenemase-producing pathogenic E. coli isolates can temporarily persist in dogs
and disseminate into the environment, other animals, and humans, therefore posing a
major One Health concern (16, 17).

Data availability. Newly determined sequences have been deposited in GenBank
under accession no. CP041031 to CP041033.
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