Jpn. J. Infect. Dis., 71, 33-38, 2018

Original Article

Detection of Escherichia coli Producing CTX-M-1-Group Extended-Spectrum
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SUMMARY: We investigated the prevalence and characteristics of extended-spectrum B-lactamase
(ESBL)-producing Escherichia coli isolates from Japanese pigs. A total of 345 pig fecal specimens
were collected from 30 farms in the Aichi prefecture of Japan between June 2015 and April 2016, and
22 unique ESBL-producing E. coli were isolated from 16 samples spanning 8 farms. The ESBL types
included CTX-M-15 (54.5%), CTX-M-55 (27.2%), CTX-M-3 (0.9%), and CTX-M-14 (0.9%). The
predominant plasmid replicon type was IncN, and the isolates carried blacrx-m-ss. Nine sequence type
(ST)s, including ST117, ST1706, ST38, and ST10, were detected in the ESBL-producers, but no B2-
025-ST131 was found. ESBL producers were highly resistant to cefotaxime, ceftiofur, and tetracycline,
but were susceptible to imipenem, amikacin, and fosfomycin (FOM), although 2 ST354 isolates showed
resistance to ciprofloxacin. All 11 chloramphenicol-resistant isolates, including ST117 (n = 6) and
ST38 (n = 3) isolates, harbored floR, and the 2 FOM-resistant ST38 isolates harbored fosA3. Our results
suggest that pigs do not act as direct reservoirs in the transmission of ESBL genes to E. coli in humans.
However, ST117 E. coli carrying IncN-type plasmids mediating blacrx-mss were isolated from several
different farms, suggesting the potential for future spread in Japan. Therefore, plasmid sequence analyses
and continuous surveillance are necessary from an epidemiological point of view and are required to
better protect against ESBL-producer transmission.

INTRODUCTION

Extended-spectrum fB-lactamases (ESBLs), which
include the TEM-, SHV-, and CTX-M-types, can hy-
drolyze the B-lactam ring of the broad-spectrum f3
-lactams, such as the oxyimino-cephalosporins, and the
AmpC-type B-lactamases. Recently, ESBL-producing
Escherichia coli isolates have been increasingly detect-
ed in clinical settings, healthy humans, food-producing
animals, companion animals, and the environment (1,2).
The third-generation cephalosporins are frequently used
in both clinical settings and the veterinary field; there-
fore, the widespread distribution of ESBL producers
has become a major public health concern. Notably, the
CTX-M-type ESBL producers have acquired co-resis-
tance to additional classes of antimicrobial agents, such
as the fluoroquinolones and aminoglycosides (2), neces-
sitating special attention for the treatment of infectious
diseases caused by these organisms.

The spread of the CTX-M-type ESBL gene is associ-
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ated with the transmission of CTX-M-type ESBL-pro-
ducing bacteria from various sources. Recently, the
frequency of ESBL-producing E. coli isolates detected
from food-producing animals including chickens, pigs,
and cattle has increased, leading to the consideration of
such animals as possible reservoirs of plasmid-mediated
antimicrobial resistance genes for the dissemination
of ESBL producers (3,4). Indeed, the transmission of
bacteria between livestock and humans has been docu-
mented in the Netherlands (5,6). Because the food chain
could be a major route of bacterial transmission to hu-
mans, we speculated that food-producing animals might
also act as reservoirs for these drug-resistant micro-
organisms in Japan. Some investigations have found that
ESBL-producing E. coli have been increasingly isolated
from chicken meat samples (7,8). However, epidemio-
logical data describing ESBL-producing E. coli isolated
from pigs remain quite limited in Japan. To address this
issue, we investigated the prevalence of ESBL-produc-
ing E. coli isolates among pig farms and conducted a
molecular characterization of these isolates.

MATERIALS AND METHODS

Bacterial strains: A total of 345 pigs from 30 farms
were subjected to sampling of their intestinal content
(fecal samples) just after slaughter in a slaughterhouse
in the Aichi prefecture of Japan between June 2015 and
April 2016 (Fig. 1). Only the name of each pig farm was
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Fig. 1. Geographical locations of the 30 pig farms included in the
present study in Aichi prefecture, Japan.
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written on the sampling tube, and no detailed information
about breeding conditions in the pig farms was provided.
Within 24h of sample collection, fecal samples (~1 g) were
inoculated onto MacConkey agar plates (Eiken Chem-
ical Co., Ltd, Tokyo, Japan) supplemented with 1 mg/
L of cefotaxime (CTX, Wako Pure Chemical Indus-
tries, Osaka, Japan) as described previously (9), and the
plates were incubated at 35°C for 24 h. The bacterial
species forming colonies on the CTX-MacConkey agar
plates were determined using VITEK MS (SYSMEX
bioMérieux Co., Ltd., Tokyo, Japan).

The genetic uniqueness of each isolate was evaluated
by PCR-based open reading frame typing (POT) (Cica
Geneus E. coli POT KIT; Kanto Chemical Co., Inc,
Tokyo, Japan) and pulsed-field gel electrophoresis
(PFGE). PFGE of each ESBL-producing isolate was
performed as described previously (9). Strain H9812 of
the Salmonella enterica serotype Braenderup was used
as the control strain. A dendrogram showing the genetic
relatedness among the isolates was prepared using
the Fingerprinting II software (Bio-Rad Laboratories,
Tokyo, Japan), and isolates obtained from each fecal
sample were determined to have the same background
when they possessed pulsotypes with > 85% similarity.

Detection of ESBL producers and plasmid replicon
typing: Isolates identified as E. coli were further evalu-
ated for ESBL production with a phenotypic confirma-
tory test using CTX and ceftazidime (CAZ, Wako) alone
and in combination with clavulanate according to the
Clinical Laboratory Standards Institute (CLSI) guide-
lines (10). In addition, disks containing aminophenyl-
boronic acid (Fluorochem Ltd., Hadfield, Derbyshire,
UK) were used to detect isolates producing the AmpC
B-lactamase as described previously (11).

The presence of the CTX-M [-lactamase genes was
detected by PCR amplification (9). After classification
into the CTX-M-1, -2, -8, and -9 groups, the PCR am-
plicons of genes from the CTX-M-1- and CTX-M-9
group ESBLs were subjected to nucleotide sequencing
as described previously (12,13). Sequence analyses and
comparisons to known sequences were performed with
the BLAST program from the National Center for Bio-
technology Information (USA) website (http://www.
ncbi.nlm.nih/gov/BLAST).
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Transmission of the blacrx.m-bearing plasmids was
performed by conjugation using the broth mating meth-
od with the E. coli J53 strain (azide resistant) as a re-
cipient. Transconjugants were selected on Luria-Bertani
(LB) (Becton, Dickinson and Company, Sparks, MD,
USA) agar containing 1 mg/L of CTX and 150 mg/L
of azide (Kanto Chemical Co., Inc.), and the pulsotype
of the resulting transconjugant was compared to that of
the recipient strain. The plasmid replicon type of each
transconjugant was determined by PCR-based replicon
typing using 18 primer pairs (14).

Multilocus sequence typing (MLST), determina-
tion of phylogenetic groups, and O-serotyping: MLST
was performed through the analysis of 7 housekeeping
genes (adk, fumC, gyrB, icd, mdh, purA, and recA)
(http://mlst.warwick.ac.uk/mlst/dbs/Ecoli). Phylo-
genetic groups of the ESBL-producing E. coli isolates
were determined by multiplex PCR as described previ-
ously (15). Serotype O25 was identified using E. coli
antisera (Denka Seiken, Tokyo, Japan), according to the
manufacturer’s instructions. Genetic O25b serotyping
was also confirmed by PCR (16).

Antimicrobial susceptibility testing and detection of
plasmid-mediated resistance genes: The antimicrobial
susceptibility of each isolate was determined using the
agar dilution method in accordance with CLSI guide-
lines (10), and the minimum inhibitory concentrations
were determined according to CLSI criteria (17). The
antimicrobial agents used were as follows: CTX, CTF,
imipenem (IPM), gentamicin (GEN), kanamycin (KAN),
amikacin (AMK), nalidixic acid (NA), fosfomycin
(FOM), chloramphenicol (CP), and tetracycline (TC)
(Wako Pure Chemical Industries); CAZ, florfenicol
(FFC), and ciprofloxacin (CIP) (LKT Laboratories, St.
Paul, MN, USA); apramycin (APM) (Duchefa Bio-
chemie, Haarlem, the Netherlands); and nitrofurantoin
(NFT) (MP Biomedicals, Solon, OH, USA). E. coli
ATCC25922 was used as the control strain. The plas-
mid-mediated quinolone resistance genes, gnrA, gnrB,
qnrS, gepA, and aac(6’)-Ib-cr, as well as the FOM re-
sistance genes, fosA3 and fosC2, and a FFC resistance
gene, floR, were detected by PCR as previously described
(18-21).

Statistical analysis: Data were analyzed using the
statistical analysis software “R version 3.3.1.” Fisher's
exact test was used to analyze the distribution of se-
quence types, plasmid replicon types, and phylogenetic
groups among different blacrx.m-harboring isolates or
among different sequence types. It is likely that a high
false discovery rate would occur when a multiple com-
parison is performed; therefore, we corrected the multi-
ple comparison p-values using the Benjamini-Hochberg
procedure (22). The adjusted p-values obtained were
then considered under the condition that p-values < 0.05
indicated statistical significance.

RESULTS

Prevalence of ESBL-producing E. coli: Among the
345 fecal samples tested, 16 samples (4.6%) collected
from 8 farms formed colonies on the CTX-MacConkey
agar plates. Among these 16 samples, 10 produced many
colonies on the CTX-MacConkey agar plates, and 5
distinct colonies were selected from each plate. For the
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remaining 6 samples, fewer than 5 colonies grew on the
plates; therefore, the colony selection was performed as
follows: 4 colonies were selected from each of 2 plates,
3 colonies from each of 2 plates, and 2 colonies from
each of 2 plates. The colonies obtained were subjected
to bacterial species identification and phenotypic confir-
matory tests for ESBL production. All 68 isolates tested
were identified as ESBL-producing E. coli. Next, the ge-
netic uniqueness of each isolate from each fecal sample
was evaluated by POT. When POT produced the same
banding patterns in multiple isolates recovered from a
single fecal sample, a single representative isolate was
selected. Finally, 22 non-repetitive isolates identified as
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Fig. 2. Distribution of CTX-M-type ESBL-producing E. coli isolates.
Black symbols indicate the locations of the pig farms where the
CTX-M-type ESBL-producing E. coli isolates were obtained.
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ESBL producers were obtained from the 16 fecal sam-
ples from 8 farms in the present study (Fig. 2). All but
2 isolates (No. 71-1 and 79-1) had PFGE profiles with
clear bands. Six isolates belonging to the ST 117 were
isolated from 5 different farms (Farm IDs: K, S, AF, AL,
and S), but evidence strongly indicated they share the
same genetic background (Fig. 3). In addition, 4 ST1706
isolates and 2 ST4684 isolates with the identical phylo-
genetic profile of Bl were collected from the same farm
(Farm ID: A) on different days (Fig. 3).

Characteristics of ESBL producers: Twenty isolates
obtained from 14 fecal samples harbored the gene for
CTX-M group 1, and 2 isolates obtained from 2 fecal
samples harbored the gene for CTX-M group 9. There
were 4 variants of blacrx-v, including blacrxm-1s (12/22,
545%), blaCTx.M.ss (6/22, 273%), blaCTx.M.3 (2/22,
0.9%), and blacrx-m14 (2/22, 0.9%) (Table 1). Neither the
TEM- and SHV-type ESBL genes nor the AmpC B-lacta-
mase gene was found in the present study. Conjugation
experiments of plasmids that mediate CTX resistance
were successful for 10 (45.5%) of the 22 donor isolates.
The plasmid replicon types of the obtained transcon-
jugants fell into the IncN (6/22, 27.3%), IncF group
(3/22, 13.6%), and I1-Iy (1/22, 4.5%), and all 6 IncN
plasmids harbored blacrx-m-ss (Table 1).

MLST analysis revealed 9 STs, ST117 (n =6, 27.3%);
ST1706 (n = 4, 18.2%); ST38 (n = 3, 13.6 %); ST10,
ST354, and ST4684 (n = 2 each, 9.1%); ST155 and
ST167, which belong to the ST10 complex (n = 1 each,
4.5%); and ST744 (n = 1, 4.5%) (Fig. 3). With respect
to the relationships between STs and blacrx-v genes, all
6 isolates harboring blacrx-m-ss belonged to ST117, but
the isolates harboring blacrx-m.15 belonged to different
STs, ST10, ST38, ST155, ST1706, and ST4684 (Table
1). Thus, ST117 isolates harbored the IncN plasmid
mediating the blacrxmss variant at a higher frequency
than the isolates of other STs, such as ST10, ST38, and
ST1706; however, the observed differences were not sta-
tistically significant. The 22 isolates were divided into
4 phylogenetic groups, group A (n = 4, 18.2%), group

City No. FarmID Collected day MLST Phylotype E. coli-POT typing
1 A 2015/10/13 155 Bl 8 1 20
1 A 2015/8/7 10 A 26 17 16
3 o 2015/6/10 38 D 16 49 26
3 (0] 2015/7/10 38 D 16 49 26
7 D 2016/2/8 38 D 16 17 18
7 D 2016/2/8 10 A 26 17 2
9 X 2015/10/20 167 A 24 81 152
8 K 2015/11/4 117 F 24 69 58
7 S 2016/2/9 117 F 24 69 58
8 AF 2015/10/7 117 F 24 69 58
5 AL 2015/11/11 117 F 24 69 58
8 K 2015/6/10 117 F 24 69 58
7 S 2016/3/8 117 F 24 69 58
1 A 2015/7/7 4684 B1 8 5 48
1 A 2015/9/7 4684 Bl 8 5 48
1 A 2015/10/13 1706 Bl 10 1 16
1 A 2015/7/7 1706 B1 10 1 16
1 A 2015/8/7 1706 Bl 10 1 16
1 A 2015/9/7 1706 Bl 10 1 16
1 A 2015/10/13 744 A 24 17 8

Fig. 3. Dendrogram of PFGE profiles of ESBL producers from pig fecal samples. Among 22 isolates, 20 isolates had PFGE profiles
with clear bands, while in 2 isolates (No. 71-1 and 79-1), the band showed a smeared shape. Corresponding isolate number, city
number, farm ID, collection date, MLST, phylotype, and POT number information is listed on the right.
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Bl (n=17,31.8%), group D (n = 3, 13.6%), and group F
(n =8, 36.4%) (Table 1). Although all 6 isolates belong-
ing to ST117 were classified in group F, there was no
statistically significant difference in the distribution of
ST117 between different phylogenetic groups, as shown
by multiple comparisons with the other STs. However,
among the 22 ESBL-producing E. coli isolates, no iso-
lates from phylogenetic group B2, serotype O25:H4, and
sequence type 131 (ST131), which has spread globally
as a pandemic clone among human clinical isolates (23),
were detected.

Antimicrobial susceptibility and carriage of plas-
mid-mediated resistance genes: All 22 CTX-M-pro-
ducing E. coli isolates from the fecal samples of pigs
were susceptible to IPM, AMK, FOM, NFT, and CIP,
except for 3 isolates belonging to ST354 or ST744 that
showed CIP resistance. However, these isolates showed
high resistance rates to CTX (100%), CTF (100%),
and TC (73%), and the resistance rates to CAZ, GEN,
CP, FFC, and NA were all greater than 40% (Table 2).
Among the 22 isolates, 5 isolates were resistant to 2 or 3

kinds of cephalosporins and TC, and 11 isolates showed
co-resistance to more than 8 antimicrobial agents, in-
cluding GM, TC, CP, CIP, and FFC. With respect to the
relationships between the STs and resistance genes, the
CP-resistant isolates from ST117 (n = 6) and ST38 (n =
3) harbored floR. Among the 9 floR harboring isolates, 2
ST38 isolates showed resistance to FOM and harbored
fosA3. Two isolates harboring gnrS were susceptible
to CIP, and there were no isolates that harbored gnrA,
qnrB, gepA, aac(6’)-Ib-cr, or fosC2.

DISCUSSION

Recently, the contamination of foods with ESBL-pro-
ducing E. coli has become a worldwide concern. In the
present study, the isolation rate of E. coli producing any
of the CTX-M-type ESBLs from pigs was 4.6%. This
rate is lower than the rates observed in China (12.6%)
(24), India (6%) (25), and Switzerland (15.3%) (4), but
higher than the rate observed in Finland (0%) (26). In
addition, this is approximately equal to the isolation rate

Table 1. Relationship among STs, ESBL genes, and replicon types of ESBL-encoding plasmids in 22 Escherichia coli isolates

Number of E. coli isolates

Phylogenetic Type of ESBL

Conjugation experiments

ST  &roup of E. coli

(total number of CTX-M-1group

CTX-M-9 group

Number of no
transformant or

Replicon type of plasmid

isolates) mediating blacrx-m gene )
transconjugant
CTX-M-3 CTX-M-15 CTX-M-55 CTX-M-14 IncF group Incll-Iy N obtained
10 A(2) 2 2
38 D@3) 2 1 2 (mediating IbZLICTX—M—IS)
117 F (6) 6 6
155 B1 (1) 1 1
167 A (1) 1 1
354 F (@) 2 1 1
744 A(l) 1 1
1706 B1 (4) 4 4
4684 B1(2) 2 2
Total (22) 2 12 6 2 3 1 6 12
Table 2. Antibiotic susceptibility profiles of 22 ESBL-producing Escherichia coli isolates
Antimicrobial agent Range (ug/mL) Susceptible (%) Intermediate (%) Resistant (%)
cefotaxime 16—> 256 00 0(0) 22 (100)
ceftazidime 2-32 3(13.6) 8 (36.4) 11 (50.0)
ceftiofur 16—>256 0(0) 0 (0) 22 (100)
imipenem =0.25 22 (100) 0(0) 0(0)
gentamicin 1-128 12 (54.5) 0(0) 10 (45.5)
amikacin 0.5-4 22 (100) 0(0) 0(0)
apramycin 4-8 22 (100) 0 (0) 0 (0)
kanamycin 4->1256 19 (86.4) 0(0) 3(13.6)
tetracycline 0.5-256 6(27.3) 0(0) 16 (72.7)
fosfomycin 0.5—>256 20 (90.9) 0 (0) 29.1)
nalidixic acid 1->256 13 (59.1) 0 (0) 9 (40.9)
ciprofloxacin =0.25-32 19 (86.4) 0 (0) 3(13.6)
chloramphenicol 4->1256 11 (50.0) 0(0) 11 (50.0)
florfenicol 4-—>256 11 (50.0) 0(0) 11 (50.0)
nitrofurantoin 4-16 22 (100) 0 (0) 0 (0)

Among the 22 isolates, 5 isolates were resistant to 2 or 3 kinds of cephalosporins and TC, and 11 isolates showed co-resistance to more than 8

antimicrobial agents, including GM, TC, CP, CIP, and FFC.
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(4.8%) from diseased pigs collected in the German na-
tional monitoring program (2008-2014) (1). Pidivirinta
et al. noted that reduced antimicrobial agent usage, in-
dividualized medication recommendations, and reduced
import of pigs among Finnish livestock served to reduce
the isolation rate of ESBL producers in Finland (26).
Zheng et al. observed that the detection rate of ESBL
producers among E. coli isolates collected from 2007
to 2009 (12.6%) was much higher than that among iso-
lates collected from 2003 to 2005 (2.4%) in China (24)
and suggested that the increasing incidence of ESBL
producers isolated from food animals is caused by the
increasing use of the third-generation cephalosporins in
recent years. Certainly, isolation rates of ESBL produc-
ers from pigs may be related to the use of antimicrobial
agents as feed additives or therapeutics in each country.
In Japan, the isolation rates from pigs were similar to
the resistance rates for cefazoline and CTX found in iso-
lates from poultry, especially in broilers (27), but were
much lower than the isolation rates reported previously
in chicken meat samples (8). It may be that breeding
conditions in pig farms, such as the use of antimicrobial
agents as feed additives and individual therapeutics, are
superior to those used in chicken farms. However, the
oxyimino-cephalosporins, such as CTF and cefquinome,
have been approved for the treatment of bacterial dis-
eases in cattle and pigs in Japan. Previous investigations
were limited by the fact that the number of participant
pig farms and samples collected from each farm were
insufficient. Therefore, further continuous and nation-
wide monitoring/surveillance using sensitive screening
methods and ensuring the participation of and collection
from enough pig farms and fecal samples, respectively,
would be useful to investigate the actual prevalence of
ESBL producers in pigs.

In the present study, the subtypes of CTX-M-type
ESBLs from E. coli from pigs included CTX-M-3,
CTX-M-15, and CTX-M-55, which belong to CTX-M
group 1. Our results differ from the results of previous
studies in which CTX-M-1 was predominant among
livestock in Switzerland and Denmark (4,28) but are
similar to the results from China (24). Zheng et al. has
reported that the spread of E. coli isolates producing the
CTX-M-55-type ESBL, which can hydrolyze CAZ, may
be influenced by antimicrobial usage in livestock (24).
In addition, Lv et al. (2013) noted that the predominant
plasmid replicon types among E. coli isolates harboring
blacrxmss isolated from pigs were IncFII and Incll,
suggesting that these plasmids play an important role
in the spread of blacrx-m-ss (29). In the present study,
the plasmids harboring blacrx-m.ss belonged to the IncN,
which is inconsistent with the results from China (29).
All the E. coli isolates producing CTX-M-55 were sus-
ceptible to CIP and identified as ST117, but they were
isolated from several different farms, suggesting that
this bacterial strain spreads clonally among livestock in
this area. In Japan, the isolation of E. coli isolates pro-
ducing blacrx-w-ss from livestock has been limited, and
the isolation rates among healthy humans and in clinical
settings have remained low to date (30,31). Moreover,
IncF-group plasmids harboring blacrx-m-14 and blacrx-m-
have been predominant among both healthy humans and
clinical isolates (30,31). These findings suggest that pigs
do not act as the main reservoir for ESBL producers

37

found in humans. However, Garcia-Fernandez et al. not-
ed that IncN plasmids are typically derived from a broad
host range and are associated with resistance to many an-
timicrobial agents, including carbapenems, fluoroquino-
lones, and aminoglycosides (32). The occurrence of
IncN plasmids carrying blacrx-m.ss in food-producing an-
imals such as pigs is therefore a future concern in Japan.
The increasing occurrence of IncN plasmids carrying
blacrx-wmss in healthy humans and in clinical settings, as
well as in food-producing animals, is worthy of careful
monitoring hereafter.

The worldwide spread of the B2-O25b:H4-ST131
CTX-M-15-producing E. coli clone has become a serious
public health concern because this clone generally shows
co-resistance to fluoroquinolones and aminoglycosides
(33). Our investigation revealed some isolates belonging
to the ST10 and ST38 complexes, but did not detect any
isolates belonging to the pandemic clone ST131. Many
studies have reported the presence of ST10 and ST38 in
both humans and animals, suggesting that E. coli iso-
lates belonging to these STs are transmissible between
animals and humans and could adapt to the intestinal
tracts of either species (5,34). In contrast, ST117 has
been commonly identified among animals such as cat-
tle and is relatively rare in pigs (35,36). Our findings
that ST117 was the predominant ST in ESBL producers
isolated from pigs and showed multiple resistance pro-
files are unique. In the present study, all 9 CP-resistant
isolates, including ST117 and ST38, harbored the floR
gene, supporting previous reports that frequent use of
CP in livestock results in the selection of isolates harbor-
ing floR (37). In addition, the ST38 isolates harbored the
fosA3 gene, which has often been identified in healthy
humans and clinical settings (21). Therefore, it is neces-
sary to organize a nationwide monitoring system to track
the carriage of drug-resistant microorganisms, especially
the ESBL producers, in Japanese food-producing ani-
mals as well as in healthy humans and clinical settings.

One limitation of this study is that the pig fecal sam-
ples were collected from a limited region in the Aichi
prefecture. Therefore, as a next step, a nationwide survey
is necessary to more accurately evaluate the prevalence
of E. coli producing ESBLs. Additionally, although we
conducted a genetic characterization of ESBL produc-
ers, resistance genes may be driven by plasmids and
mobile genetic elements such as insertion sequences,
transposons, and integrons. In additional studies, the
structures of plasmids in pig and human isolates should
be compared using whole-plasmid genome sequencing
to clarify details of their transmission among E. coli iso-
lates from various genetic backgrounds.

In conclusion, the prevalence of ESBL-producing
E. coli among Japanese pigs may be low because of the
decreased use as feed additives and the limited therapeu-
tic application of antimicrobial agents, suggesting that
pigs do not act as the main reservoir for the transmission
and spread of ESBL genes. However, multidrug-resis-
tant E. coli ST117 isolates carrying IncN-type plasmids
harboring blacrx-mss were isolated from the pigs of sev-
eral different farms, indicating that they may become a
future concern in Japan. Moreover, the spread of drug
resistance genes mediated by mobile genetic elements
could accelerate the dissemination of ESBL producers in
the veterinary field. Therefore, whole-plasmid sequence



analysis, along with careful monitoring via continuous
surveillance, is necessary to enable rapid efforts to con-
trol the transmission routes of the ESBL producers of
swine origin.
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