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ABSTRACT Aliarcobacter butzleri is an emerging gastrointestinal pathogen found in many
countries worldwide. In France, it has become the third most commonly isolated bacterial
species from the stools of patients with intestinal infections. No interpretative criteria for
antimicrobial susceptibility testing have been proposed for A. butzleri, and most strains are
categorized using the recommendations of the Clinical and Laboratory Standards Institute
or the European Committee on Antimicrobial Susceptibility Testing for Campylobacter or
Enterobacterales. In the present study, the genomes of 30 resistant A. butzleri isolates were
analyzed to propose specific epidemiological cut-off values for ampicillin, ciprofloxacin,
erythromycin, and tetracycline. The identification of a b-lactamase and the T85I GyrA
mutation associated with ampicillin and ciprofloxacin resistance, respectively, allowed us to
adjust the disk diffusion (DD) and MIC cut-off values for these molecules. However, epide-
miological cut-off values for erythromycin and tetracycline could not be estimated due to
the absence of known resistance mechanisms. The present study paves the way for build-
ing a consensus for antimicrobial susceptibility testing for this concerning pathogen.

IMPORTANCE Aliarcobacter butzleri is an emerging and concerning intestinal pathogen.
Very few studies have focused on this particular species, and antimicrobial susceptibility
testing (AST) is based on methods that have been mostly developed for Campylobacter
spp. In fact, no disk diffusion and E-tests adapted cut-offs for A. butzleri are available
which leads to misinterpretations. We have shown here that NGS approach to identify
genes and mutations in close relation to phenotypic resistance levels is a robust way to
solve that issue and precisely differentiate WT and NWT A. butzleri isolates for frequently
used antimicrobials. MIC and DD cut-off values have been significantly adjusted and an-
swer the need for a global consensus regarding AST for A. butzleri.
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A liarcobacter butzleri (formerly Arcobacter butzleri [1, 2]) is an emerging and con-
cerning intestinal pathogen that was the fourth leading cause of Campylobacter-

associated bacterial gastrointestinal infection in 2020 in France after Campylobacter
jejuni, C. coli, and C. fetus and is the third most common bacteria isolated from stools
(3, 4). A. butzleri has also been associated with bacteremia in immunocompromised
patients, including those with cancer or diabetes. Very few studies have focused on this
particular species, and antimicrobial susceptibility testing (AST) is based on methods that
have been mostly developed for Campylobacter spp. The lack of specific recommenda-
tions, such as those proposed by the Clinical and Laboratory Standards Institute (5) (CLSI)
or the European Committee on Antimicrobial Susceptibility Testing (6) (EUCAST), leads to
the use of different clinical breakpoints and epidemiological cut-off (ECOFF) values recom-
mended for multiple organisms. Therefore, antimicrobial resistance (AMR) studies tend to
show inconsistent results.

Many studies, mainly focusing on animal isolates, have reported resistance rates for
the most commonly used antimicrobials (7). In particular, bacteria isolated from animal,
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water, or environmental samples have been shown to be resistant to ciprofloxacin
with a rate ranging from 12.5% to 55.8% (8–10). The ampicillin resistance rate is also
concerning, representing on average over 50% of the studied isolates. However, while
it has been shown that resistance rates can reach extreme values in some countries,
such as Ireland (11), erythromycin and gentamicin resistance rates remain largely
below 20% globally, and in some cases, no resistance has been reported (12). This lack
of resistance among A. butzleri isolates is also observed for tetracycline (13–15). Fewer
studies have focused on human samples, and the results have also shown highly vari-
able results regarding erythromycin and tetracycline resistance. In fact, while high rates
of resistance have been identified in two studies in Belgium (16, 17), with rates of
approximately 80% and 59% to 100%, respectively, recent studies have highlighted
high susceptibility rates for these two antimicrobials (18, 19). Ciprofloxacin and genta-
micin resistance rates also remain relatively low, at less than 10% and 0%, respectively
(16, 18). High ampicillin resistance rates have, however, been observed in the same
previous studies, with resistance rates ranging from 79% to 97% (16, 17). Globally, tet-
racycline, fluoroquinolone, and macrolides are frequently considered appropriate anti-
microbials, particularly for intestinal infections (20, 21).

A reliable modern approach to refine susceptibility testing is the use of next-generation
sequencing (NGS) and the in silico detection of antimicrobial resistance (AMR) mutations
and genes. Recent studies have reviewed and analyzed relations between Aliarcobacter re-
sistance phenotypes and genotypes (22, 23). Notably, it has been shown that in vitro fluo-
roquinolone resistance (especially ciprofloxacin) is correlated with the presence of specific
mutations in the QRDR region of the GyrA protein in positions 85 and 89 (mostly Thr-85-
Ile) (24), which are also commonly found among Campylobacter spp., in positions 86 and
90 (25). Similarly, the presence of b-lactamases such as blaOXA-61 and some versions of the
tet gene, such as tet(O), tet(W), or tet(A), are responsible for ampicillin and tetracycline re-
sistance, respectively (26, 27). The analysis of a set of efflux pumps (EPs) among a collec-
tion of resistant isolates also showed that a particular regulator, TetR, may be involved in
erythromycin resistance depending on its protein sequence size (22). The chloramphenicol
acetyltransferase (cat) gene can also be responsible for chloramphenicol resistance (27).

There is an essential need for accurate interpretative cut-off values specific for A. but-
zleri susceptibility testing (28). Therefore, in this study, we aimed to (i) estimate resistance
profiles using C. jejuni and C. coli EUCAST ECOFF recommended values (6); (ii) identify
related genomic resistance mechanisms based on the analysis of A. butzleri clinical isolates
from French cases between 2014 and 2016 using NGS for 30 isolates and PCR screening
for 71 supplementary isolates; and (iii) estimate specific cut-off values (COWT) for A. butzleri,
which could be proposed to national organizations.

RESULTS
Antimicrobial susceptibility profiles. Considering the C. jejuni and C. coli EUCAST

MICs recommendations for ampicillin (Table 1), an overall 62% of A. butzleri isolates

TABLE 1 EUCAST MIC and DD recommended epidemiological cut-off values

DD (mm) MIC (mg/L)

Antimicrobiala Species WT NWT WT NWT
AMP C. jejuni and C. coli #16 .16
CIP C. jejuni and C. coli $26 ,26 #0.5 .0.5

ERY C. jejuni $22 ,22 #4 .4
C. coli $24 ,24 #8 .8

TET C. jejuni $30 ,30 #1 .1
C. coli $30 ,30 #2 .2

aEUCAST recommendations for C. jejuni and C. coli for the following antimicrobials: ampicillin (AMP),
ciprofloxacin (CIP), erythromycin (ERY), and tetracycline (TET).
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were found as non-wild-type (NWT) (n = 63 isolates) (Fig. 1) and 38% as wild-type
(WT) (n = 38). Rates for ciprofloxacin were variable depending on DD or MIC cut-offs.
When using DD cut-off values, a total of 64% of isolates were found as NWT (n = 65)
and 36% WT (n = 36). The results obtained when considering ciprofloxacin MIC cut-offs
showed completely opposite rates, with 88% WT and 12% NWT. Considering EUCAST
DD cut-off values for erythromycin for C. jejuni and C. coli, high rates of NWT isolates
were found with, respectively, 97% and 98% of A. butzleri isolates (n = 98 and n = 99
isolates). In contrary, when using MIC cut-off values for these two Campylobacter

FIG 1 Distributions of percentages of WT and NWT isolates using disk diffusion and Etest methods with recommended
EUCAST and adjusted cut-offs. In this study, resistance rates using disk diffusion (A) and Etest (B) were estimated for the
following four antimicrobials: ampicillin (AMP), ciprofloxacin (CIP), erythromycin (ERY), and tetracycline (TET). The colors
used were as follows: green for WT isolates and red for NWT isolates. EUCAST C. jejuni and C. coli: data interpreted
according to the EUCAST ECOFF values proposed for these two species; CNRCH: data interpreted according to the cut-off
values (COWT) proposed in the present study.
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species, only 6% to 9% of A. butzleri isolates were found to be NWT, respectively.
Finally, various rates were also obtained when AST was performed for tetracycline: all
isolates were identified as NWT from DD ECOFF values against 82% and 33% when
using MIC ECOFF values defined for C. jejuni and C. coli, respectively.

Identification of resistance mechanisms. The genomes of 30 A. butzleri isolates
were analyzed using NGS. As displayed in Fig. S1, genome sizes were on average 2.29
Mbp in length (s.d. 6 109 Kbp) (GC% of approximately 28), consistent with previously
published A. butzleri genome lengths (29) estimated to be ^ 2.3 Mbp, and the average
numbers of contigs and coding DNA sequences (CDS) were 40 (of ^ 59 Kbp average
size) and 2,268, respectively. Species identification using ANI revealed that all isolates
were significantly positive (⩾95%) to A. butzleri species, with an average score of 97.4%
(s.d. 6 0.37%). The determination of antimicrobial resistance markers showed the pres-
ence of a blaOXA-15/464-like gene (22) in two different versions, full gene (OM617734) or
shortened sequence (OM617735), detected within the genome of all 30 sequenced iso-
lates (Table 2): a total of 20 isolates (67%) with high AMP MIC and low DD values dis-
played the full gene version and; on the contrary, 10 isolates (33%) with low MIC and
high DD values possessed a half-size shortened sequence of blaOXA-15/464-like due to large
deletion of the first 396 nucleotides. Using PCR screening, 54 supplementary isolates
(76%) displayed the blaOXA-15/464-like gene, and 17 isolates (24%) displayed the shortened
sequence or none. Moreover, the presence of the b-lactamase in its full version
induced a 15-fold increase in AMP MIC, from 4.3 (62.7) to 67.7 (660.7) mg/L on aver-
age, and a 2.5-fold decrease in inhibition diameters, from 21.7 (62.3) to 8.8 (62.9) mm
on average (Fig. 2A, C), clearly indicating that the deletion may lead to the protein
inactivation.

Using WGS, mutation T85I in the QRDR region of GyrA responsible for ciprofloxacin
resistance in A. butzleri and various other bacteria, such as Campylobacter and
Helicobacter (24, 25), was found in 7 NWT isolates (20%) (Table 2) (OM617736). Mutation
N97S was also found in 11 NWT isolates (37%), and A95T was found in a unique isolate
(2016-2353), but no significant increase in ciprofloxacin MIC was observed. Additionally, a
total of three potentially ciprofloxacin resistant isolates (2015-2363, 2016-2353, and 2016-
3175) (10%) displayed more than one mutation among T85I, N97S and A95T. Using PCR
and sequencing of the gyrA sequence from 71 supplementary isolates, the mutation T85I
was found in five of them (7%), and the mutation N97S was found in 20 (28%). Overall, the
presence of T85I, in contrast to the N97S or WT isolate, has a significant impact on CIP MIC
and inhibition diameters. In fact, a 134-fold increase in MIC from 0.1 (60.08) to 16 (610.7)
mg/L on average, and a 4-fold decrease in inhibition diameters from 25.2 (6 3.9) to 6.8 (6
2.0) mm on average, were observed in NWT isolates (Fig. 2B, D). Finally, no significant re-
sistance mechanism for erythromycin and tetracycline was identified among our collection
of A. butzleri isolates. Moreover, distributions of inhibition diameters and MICs confirmed
the presence of a single population among our collection of 101 strains (Fig. 3). Therefore,
it is unclear that EUCAST cut-offs may or may not be applicable and their use could lead
to incorrect resistance rate estimations.

Adjustment in MICs and DD cut-off values for ampicillin and ciprofloxacin.
Here, we showed that AST using both DD and MIC can lead to strong variability in popula-
tion proportions (Fig. 1). Combining in vitro AST with the in silico NGS method, we have
shown the presence of a blaOXA-15/464-like gene and a mutation in GyrA at position 85 are
associated with ampicillin and ciprofloxacin resistance, respectively. Consequently, inhibi-
tion diameters and MIC distributions showed two distinct populations of A. butzleri iso-
lates: WT and NWT isolates (Fig. 2A to D). These data result in COWT values for ampicillin
and ciprofloxacin for disk diffusion defined to NWT , 17 mm and NWT , 16 mm, respec-
tively. MIC COWT value should also be slightly adjusted to NWT . 8 mg/L for ampicillin
and stay unchanged for ciprofloxacin, which has also been shown in a previous A. butzleri
AST study (28). Considering these A. butzleri specific DD and MIC COWT values, 73%
(n = 74) and 27% (n = 27) were considered NWT and WT to AMP, respectively, and 12%
(n = 12) and 88% (n = 89) of isolates were considered NWT and WT to CIP, respectively
(Fig. 1).
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DISCUSSION

Emerging resistance to antimicrobials is concerning, especially in regard to species
that have been rarely studied to date. In this study, we focused our attention on a
pathogen closely related to Campylobacter, A. butzleri (30). AST using disk diffusion or
E-tests is seriously lacking in sensitivity because of the absence of epidemiological cut-
offs adapted for this species, leading to AST misinterpretation. To better differentiate
WT and NWT A. butzleri isolates, we here favored the use of NGS to determine genomic
resistance markers against four frequently used antimicrobials: ampicillin (AMP), cipro-
floxacin (CIP), tetracycline (TET), and erythromycin (ERY). This DNA-based approach
allowed us to identify genes and mutations in close relation to phenotypic resistance
levels: the T85I mutation in the QRDR region of the gyrase subunit A (OM617736)—
already largely described worldwide (24, 25) and the presence of a blaOXA-15/464-like gene
(OM617734), associated with resistance to AMP and CIP. Moreover, we have shown
that the EUCAST MIC and DD cut-off values for ampicillin and ciprofloxacin could be
significantly adjusted to A. butzleri species. In fact, COWT values have been estimated as
follows: AMP (NWT) , 17 mm j AMP (NWT) . 8 mg/L and CIP (NWT) , 16 mm j CIP
(NWT). 0.5 mg/L (Fig. 2, blue arrows).

blaOXA-15/464-like was first identified as a putative b-lactamase within A. butzleri strain
RM4018 in 2007 in the United States (29) and was present in unpublished strains
C0903 (KU721147) and B0367 (KU721148) from Scotland in 2016. Recently, its expres-
sion was related to ampicillin resistance in Portuguese isolates in 2020 (22). However,
the presence of a shortened sequence of this b-lactamase among potentially suscepti-
ble isolates has not been mentioned yet in any publication. Moreover, no blaOXA-61 or
any mutation in its promoting region, as commonly found in ampicillin-resistant
Campylobacter spp. (31, 32)., was identified in our A. butzleri isolates. This suggests that
the mere presence or absence (or shortened sequence) of blaOXA-15/464-like modulates
ampicillin resistance. Additionally, blaOXA-15/464-like positive bacteria tend to maintain
high MIC levels for amoxicillin in the presence of clavulanic acid (Fig. S2), suggesting

FIG 2 Distributions of ampicillin and ciprofloxacin diameters and MICs according to the resistance mechanism identified for each molecule. Resistance
markers are displayed in red or blue, and nonsignificant markers or WT isolates are displayed in yellow or green. Specifically, ampicillin resistance (A and C)
is associated with the presence of a blaOXA-15/464-like gene (OM617734), and ciprofloxacin resistance (B and D) is associated with the presence of a single
mutation (T85I) in the GyrA protein sequence (OM617736). Moreover, red triangles represent EUCAST epidemiological cut-off values for C. jejuni and C. coli
and blue triangles represent COwt values proposed in the present study.
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that this blaOXA-15/464-like gene is not sensitive to the inhibitory effect of clavulanic acid,
as shown in various bacterial species in previous studies, including Campylobacter spp.
(33, 34).

Regarding erythromycin resistance, neither a mutation in the 23S rRNA genes
sequence (35) nor the presence of methyltransferases such as erm(B) and erm(N), as
described in Campylobacter spp. isolates (36), have been identified. In 2020, Isidro et al.
(22) showed that the protein size of the TetR regulator (ABU_RS11100) could be associ-
ated with erythromycin resistance. In fact, the alignment of 20 TetR sequences from
the present study combined with 17 supplementary sequences from Portugal (22)
revealed high MIC values (ERY MIC . 8 mg/L) among isolates with a truncated
(OM617733) or new TetR protein sequence (counting two French clinical isolates,
JAKKPH000000000 and JAKKPG000000000; Fig. S3). However, due to the low number
of isolates with high level of MIC that were analyzed in this study, no clear association
could be drawn between TetR protein and erythromycin DD or MIC values. We strongly
recommended not to use C. jejuni and C. coli DD or MIC cut-offs for erythromycin AST
(NWT , 22 mm j NWT . 4 mg/L or NWT , 24 mm j NWT . 8 mg/L for C. jejuni and C.
coli, respectively). In fact, this strategy may lead to incorrect antimicrobial categoriza-
tion because no distinct WT and NWT populations could be observed (Fig. 3A, C),
which is in line with a previous A. butzleri AST study (28). The same results were finally
obtained for the identification of tetracycline-resistant profiles using NGS among our
set of isolates. Specifically, tet(O), which has been shown to be related to high levels of
MIC in A. butzleri (37) and various other species (26, 38), and adeF (37) were undetected
in our collection. We recommend that EUCAST tetracycline epidemiological cut-off val-
ues for C. jejuni and C. coli should not be considered for A. butzleri because no clear WT
and NWT population can be distinguished (Fig. 3B, D). Isolates exhibiting high MIC and
small DD values will need to be systematically sequenced and analyzed using resist-
ance marker databases. Data from various ecological niches are available (22, 23, 27,
39) and are crucial resources to monitor and compare antimicrobial resistance distribu-
tions between most sources of infection.

FIG 3 Distributions of erythromycin and tetracycline diameters and MICs. MICs in mg/L (A and C) or DD in mm (B and D) values are displayed here. Pink
triangles represent EUCAST epidemiological cut-off values for C. jejuni, orange triangles for C. coli and red triangles for both.

NGS-Based Cut-off Values for Aliarcobacter Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.01003-22 9

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.01003-22


Finally, the description of A. butzleri as a multiresistant species may likely be over-
stated (40–42). Clinical breakpoints based on pharmacologic and epidemiological cut-
off values can in fact lead to significant mismatches between genomic and phenotype.
It is especially true when AST is performed both from DD and MIC, where considerable
discrepancies can be observed. In fact, we have shown that AST for ciprofloxacin,
erythromycin, and tetracycline can either define A. butzleri isolates as mostly NWT
using DD, or mostly WT using MIC (Fig. 1). Globally, AST using Etest showed more accu-
rate associations between genomic resistance markers determination and EUCAST
ECOFF values than the disk diffusion method (Fig. 2) and should be considered first
while dealing with A. butzleri isolates. Additionally, national guidelines suggest differ-
ent epidemiological cut-off values for identical antimicrobials, which does not benefit
accurate specificity. Here, NGS has revealed gaps between in vitro resistant isolates
based on standard recommendations and in silico identification of antimicrobial resist-
ance markers. This is particularly true when AST is performed using the DD method for
erythromycin and tetracycline, where epidemiological cut-off values tend to misinter-
pret a given isolate as NWT. Based on the fact that most isolates did not display specific
resistance markers for erythromycin and tetracycline, the A. butzleri resistance rate for
these two antimicrobials may be considered low, similar to previous works (13–15), but
in contradiction with others (37, 41, 43). Moreover, the identification of genomic resist-
ance markers for ampicillin and ciprofloxacin has allowed us to obtain more accurate
results for these two antimicrobials. Therefore, these A. butzleri-specific COWT values
need to be considered by the EUCAST or CLSI organizations. MIC and DD distributions
analyses must still be performed from separate laboratories in order to define these
results as valid epidemiological cut-off values (44). In addition, the aggregated distribu-
tions will need to contain at least 100 MIC values in the putative WT distribution. The
need for a global consensus regarding AST for A. butzleri is high, and the expansion of
NGS provides robust ways to solve that issue, especially for less studied species.

MATERIALS ANDMETHODS
A. butzleri isolate selection, culture conditions, and antimicrobial susceptibility testing. A total

of 101 A. butzleri clinical isolates isolated from human stools from French patients between 2014 and
2016 were analyzed in this study (Table 2). This data set consists of most antimicrobial resistant A. but-
zleri isolates of the French National Reference Center for Campylobacters & Helicobacters (3) from that
period of time. The mean age and female percentage of this data set were 59 years old and 47.47%,
respectively. Each isolate was recovered from frozen stocks (280°C in in-house peptone 120% glycerol
broth) on Columbia blood agar plates with 5% sheep blood (Thermo Fisher Scientific, MA). Plate incuba-
tions were performed at 37°C in jars using an Anoxomat microprocessor (Mart Microbiology, B.V.
Lichtenvoorde, the Netherlands), which creates an atmosphere of 80% to 90% N2, 5% to 10% CO2, and
5% to 10% H2, and species were identified using MALDI-TOF mass spectrometry (MS) as previously
described (45). Antimicrobial susceptibility testing (AST) of ampicillin (AMP), ciprofloxacin (CIP), tetracy-
cline (TET), and erythromycin (ERY) was performed for 24 h using Mueller–Hinton (MH) agar plates sup-
plemented with 5% defibrinated horse blood (MH-F) and 20 mg/L b-NAD (bioMérieux, Marcy l’Etoile,
France) 1 0.5 McFarland inoculum, for both disk diffusion (DD) (Bio-Rad, Marnes-La-Coquette, France)
and MIC estimations (Etest, bioMérieux). Isolates were classified as WT or NWT based on the EUCAST
ECOFF values for C. jejuni and C. coli (6), which are listed in Table 1. Inhibition zone diameters were meas-
ured using the SIRscan Auto (i2A, Montpellier, France) automatic system (46), and MICs were read by
two independent readers at the position where the zone of growth inhibition intersected the Etest strip.
The C. jejuni ATCC 33560 reference strain was used as a quality control strain, according to the EUCAST
recommendations.

Next-generation sequencing and genomic antimicrobial resistance identification. Initially, 30
multiresistant A. butzleri isolates were selected to perform NGS and genomic resistance marker identifi-
cation. Bacterial DNA was extracted using the MagNA Pure 6 DNA and Viral NA SV Kit, and purification
was performed from bacterial lysis on a MagNA Pure 96 System (Roche Applied Science, Manheim,
Germany). Spectrophotometry using NanoDrop Technologies (Wilmington, DE, USA) was performed on
all DNA samples for quantification and purity checks (260/280 and 260/230 ratios). Following DNA
extraction, NGS was performed using an Illumina HiSeq 4000 machine (Integragen, Evry, France), quality
tests were run using FastQC v0.11.9 (47), and raw (.fastq) data were cleaned using Sickle v1.33 (48) and
assembled using SPAdes v3.10.1 (49). Species identification of all isolates was also performed using
FastANI v1.1 (50) against A. butzleri reference genomes NCTC 12481 (51) and RM4018 (29). The studied
genomes are available in the NCBI database under BioProject PRJNA798874, and the corresponding
identifiers are presented in Table 2. Finally, the determination of associated antimicrobial genomic resist-
ance markers was performed using Prokka v1.14.6 (52) annotation software and the Comprehensive
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Antibiotic Resistance Database (CARD) Resistance Gene Identifier webtool (card.mcmaster.ca/analyze/
rgi) (53).

PCR screening and sequencing of antimicrobial resistance markers. In order to validate computa-
tional antimicrobial resistance identifications, primers for the detection of ampicillin- and ciprofloxacin-resist-
ance genomic markers were designed using Primer3 v2.5.0 (54) and tested on a subset of 71 A. butzleri resist-
ant clinical isolates (Table 2, NGS column = “no”). Ampicillin resistance was detected from PCR screening of
the blaOXA-15/464-like conserved (resistant isolate) gene using F1/R1 primers pairs or shortened sequence (sus-
ceptible isolate) using the F2/R1 primers pairs. Primers were designed in conserved regions within the gene
sequence, as follows: (F1) 59-ATACCAAGTTGAAGGAAC-39, (R1) 59-GTTGGGAAGGAAAATATGG-39, (F2) 59-
TAGGCAAAGATGTAACTG-39. Amplifications were performed using PCR program (1) in Table S1 and displayed
on 2% agarose gels containing Midori Green Advance coloring (Nippon Genetics Europe, Düren, Germany)
with expected product sizes for conserved and shortened blaOXA-15/464-like of 501 bp and 165 bp, respectively.
GyrA QRDR amplification to detect mutations responsible for ciprofloxacin resistance was performed using the
following primers: (F1) 59-TGGATTAAAACCAGTTCATAGAAG-39, (R1) 59-GTTCCAAATTATGATGATACGATGA-39
and PCR program (1), as described by Abdelbaqi et al. (55). Amplified products with an expected size of 344 bp
were dyed using a BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, MA) and PCR pro-
gram (2) in Table S1 prior to sequencing using Applied Biosystems Sanger Sequencing 3500 Series device.
Finally, DNA sequences were aligned using MEGAX v10.1.7 software (56).

Data availability. The assembled genomes are available under BioProject PRJNA798874 and
BioSamples SAMN25131732 to SAMN25131761. The full accession list is provided in Table 2.
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