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PREFACE  

Antimicrobial-resistant (AMR) bacteria has become a global concern among 

humans and animals, and environments (68). Additionally, AMR bacteria are released 

from animal husbandries and human activities to environments including wild animals 

(72). Ewers et al. reported the close genetic relatedness among AMR bacteria isolated 

from humans, domestic and wild animals (20). The wild animals have potentially 

proliferated AMR bacteria in their gut and spread AMR bacteria to another area (71). 

In 2015, to promote countermeasure on this AMR problem, the World Health 

Organization (WHO) endorsed the global action plan on AMR as a guideline for all 

countries (44). After that, the governments of many countries as well as Japan issued 

national action plan on AMR for controlling AMR based on One Health approaches (14, 

46).  

Distribution of AMR bacteria in food-producing animal is critical concerns in 

many countries as AMR bacteria can transfer from food-producing animals to humans 

via animal products and/or are released to environments via farm activities (72). The 

emergence of AMR bacteria is caused by two processes. The one process is mutations 

of the chromosome and the other is acquisition of AMR determinants. The former type 

of AMR bacteria is naturally emerged while the presence of resistance genes is essential 

in the later type (18). AMR bacteria that acquired AMR genes from the other bacteria 

via plasmids and mobile genetic elements including insertion sequences, transposons, 

and gene cassettes/integrons (48). In the process of the emergence and prevalence of 

plasmidic AMR in the animal farms, the intrusion of the AMR bacteria is an initial 
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event. After the intrusion, the AMR genes may transfer from the bacteria to other 

bacteria via bacterial conjugation (45). Consequently, the intrusion of AMR bacteria is 

the important events that leads the dissemination of AMR bacteria in food-producing 

animal farms and also the surrounding environments.  

Since the discovery of b-lactams, many generations of b-lactams are developed 

to use in modern medicine and veterinary medicine. Meanwhile, b-lactamase, which 

are responsible for penicillin and cephalosporin resistance, were globally reported in 

humans, animals and environments (7, 65, 71). b-lactamase are classified into four 

molecular classes (the Ambler classes A to D) based on the substrate profiles. CTX-M-

type of extended-spectrum β-lactamases (ESBLs) belongs to class A b-lactamase (39). 

The difference in amino acid sequence and substrate/inhibitor profiles of b-lactamase 

are classified into subtypes. The first report of CTX-M enzyme was FEC-1-producing 

Escherichia coli from dogs in Japan in 1986 (42). Then after, in 1989, CTX-M-1-

producing E. coli isolated from human in Germany (4), and CTX-M-2-producing 

Salmonella Typhimurium was isolated from humans in Argentina (5) were reported. 

Presently, CTX-M enzymes are classified, based on the amino acid sequences, into 5 

CTX-M groups consisting of (i) CTX-M-1 group, e.g. CTX-M-1, -3 and/or FEC-1), (ii) 

CTX-M-2 group, e.g. CTX-M-2, -4 and -42 (iii) CTX-M-8 group, e.g. CTX-M-8, -40 

and -63, (iv) CTX-M-9 group, e.g. CTX-M-9, -14 and -24, and (v) CTX-M-25 group, 

e.g. CTX-M-25, -26 and -41 (7).   
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In Japan, various CTX-Ms-producing E. coli is prevalent in several species of 

domestic animals such as blaCTX-M-2 , blaCTX-M-14 and blaCTX-M-25 in poultry isolates (26), 

blaCTX-M-14 and blaCTX-M-27 in canine isolates (55) and blaCTX-M-15 , blaCTX-M-55 , blaCTX-M-

3 and blaCTX-M-14 in procine isolates (53). In addition to E. coli producing CTX-Ms, other 

bacterial species in Enterobacteriaceae were also reported such as Klebsiella 

pneumoniae carrying blaCTX-M-2 from unhealthy dairy cows (54, 61) and healthy broilers 

(28) or K. pneumoniae carrying blaCTX-M-3, blaCTX-M-14, blaCTX-M-15 and blaCTX-M-55 from 

companion animals (24) and Enterobacter cloacae carrying blaCTX-M-2 from an 

unhealthy dairy calf (54). In addition, the recent study reported CTX-M-3-producing E. 

coli, K. pneumoniae and E. cloacae in a broiler farm (69).  

Plasmid is extrachromosomal and self-replicating genetic elements of bacteria. 

Several types of plasmid encoding ESBLs are responsible for the third-generation 

cephalosporin (TGC)-resistant Enterobacteriaceae (26, 54). Plasmid incompatibility 

(Inc) is defined as an inability of the same replicon type plasmids in a bacterial cell (9). 

At present, 6 of 27 Inc types in Enterobacteriaceae, IncF, IncA/C, IncI, IncHI, IncN and 

IncL/M of plasmids are frequency detected in ESBL-producing Enterobacteriaceae (9). 

Several studies in Japan reported the ESBL/Inc type plasmids in the E. coli from 

domestic animals such as: CTX-M-8/IncI1 plasmids of chicken meat (52); CTX-M-

15/IncFIB plasmids of dogs (35); CTX-M-3/IncF, CTX-M-15/IncI, and CTX-M-

55/IncN plasmids of pigs (53); and diverse replicon types of CTX-M-14 plasmids, 

including IncI1-I! and multiple replicon types of IncF group (IncFIA, FIB, and FII), of 

unhealthy companion animals (34).  
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Akiba et al. showed the diversity of CTX-M genes carried by the same plasmid 

Inc types (2). Several methods were used to identify the relatedness of plasmids such 

as the restriction fragment length polymorphism (RFLP) (45), plasmid multilocus 

sequence typing (pMLST) (32) and whole-plasmid sequencing (52). As the diversity of 

plasmids is the results from recombination of the genes in an acquired bacterial cell (22), 

the whole-genome sequence of plasmids is a powerful tool to reveal the evolution of 

plasmids (30).  

The overall object of this study was to control the distribution of AMR bacteria 

in animals. The author carried out the study to clarify the intrusion and persistence of 

cephalosporin-resistant bacteria in an animal farm in Chapter I. In addition, to clarify 

the relatedness of AMR plasmids carried by bacteria in environments and domestic 

animals, the author characterized the resistance plasmids from TGC-resistant bacteria 

in domestic and wild animals in the Gifu University campus in Chapter II.  
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CHAPTER I 

Introduction of CTX-M type extended-spectrum β-lactamase-producing 

Enterobacteriaceae and persistence of the resistance gene in a broiler farm.   
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1. Introduction  

Antimicrobial resistance is a major issue in modern medicine, since it limits the 

treatment options for bacterial infections. As food-producing animals are a reservoir of 

AMR bacteria (17, 27, 28, 73), it is essential to control and monitor AMR bacteria in 

the animals and prevent the transfer of AMR bacteria and resistance determinants to 

humans via the consumption of animal products. In Japan, in the last decade, many 

studies have reported a high prevalence of AmpC β-lactamase- and ESBL-producing E. 

coli in broilers (27, 28) and in retail chicken meats (1, 33). Although CMY-2 is the 

major broad-spectrum β-lactamase found in the broiler industry in Japan, various 

ESBLs of the CTX-M- and SHV-types are also prevalent (27, 28). In addition, since the 

initial discovery of CTX-M-2 in broilers, diverse ESBL-producing CTX-M subtypes 

have been observed in broilers in Japan (23). However, the origin and prevalence of 

AMR bacteria in broiler farms are unclear.  

Several studies showed that the ESBL-producing bacteria in the breeder flocks 

and hatcheries are found in the broilers on the commercial farms that introduce the 

chicks from them (17, 73). Colonization of AMR bacteria in the gut of chicks is 

associated with continuous prevalence of these bacteria throughout the life of the 

chicken (17, 50). Thus, these studies suggest the transmission of ESBL producers to 

commercial broiler farms via new chicks.   
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Horizontal transfer of AMR determinants by mobile genetic elements as 

plasmids contributes to major dissemination of AMR (6, 45). After a plasmid transfer 

to another bacterial cell, plasmid is necessary to adapt itself for ensuring the 

maintenance in the new bacterial host cell (22). Akiba et al. used the whole genome 

sequences (WGS) of plasmid to analyze the evolution of the plasmids by genome 

comparison (2). Thus, the whole plasmid genomes will reveal the evolution of plasmids.   

Therefore, the aim of this chapter was to clarify an introduction of CTX-Ms 

producing bacteria and CTX-Ms plasmids into a farm by new animals and the 

persistence of CTX-Ms plasmids among bacterial population in the broiler farm. In this 

study, I investigated the prevalence of cephalosporin-resistant Enterobacteriaceae in a-

day-old chicks and the situation of CTX-Ms-producing bacteria one year later and 

relatedness of plasmids by WGS.  
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2. Materials and Methods 

2.1. Sampling and bacterial Isolation 

2.1.1. Experiment I  

A-day-old chicks from three hatcheries (A, B, and C) located in the different 

cities in Japan were kept in the boxes which used a paper as bedding. Day-old chicks 

were brought to a commercial broiler farm between January and July 2016. The 

meconium of day-old chicks was collected by picked up the bedding papers which were 

stained with meconium droppings of the chicks. Sixty-six samples of the papers (34, 8, 

and 24 samples from hatcheries A, B, and C, respectively) were collected on arrival at 

the farm and examined for isolation of cephalosporin-resistant Enterobacteriaceae. 

After cutting out two 25-cm2 pieces of the bedding paper, (the paper) samples were 

further as followed, each 25-cm2 piece was cut into 25 pieces with the size around 1 

cm2 and put all 1-cm2 pieces of each 25-cm2 piece into each test tube (15 mL sterile 

conical bottom tube with screw cap, Greiner Bio-One Co., Ltd, Tokyo, Japan). Five 

milliliters of 0.85% NaCl were added to the first test tube and mixed, and 50 µl of the 

mixture was spread onto deoxycholate hydrogen sulfide lactose (DHL) agar (63 g/L, 

Eiken Chemical Co., Ltd., Tochigi, Japan) containing 50 µg/mL cephalexin (CEX) 

(CEX-DHL). In another test tube, 5 mL of Müller–Hinton broth (21 g/L, Becton, 

Dickinson and Company, Franklin Lakes, NJ, USA) containing 50 µg/mL CEX were 

added and incubated overnight at 37°C. After the incubation period, a loop from the 

culture was streaked onto CEX-DHL. Bacterial colonies on CEX-DHL plates were 
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picked, and species-level identification was based on biochemical parameters using the 

API20E kit (SYSMEX bioMérieux, Co., Ltd., Tokyo, Japan). 

2.1.2. Experiment II 

Between July and August 2017 (one year later), 23 pooled fecal samples were 

collected from 23 flocks (pool size of approximately 5 sampling locations of 

feces/flock). In briefly, a pooled fecal sample was directly smeared on DHL agar 

containing cefotaxime (CTX) 32 µg/mL (32CTX-DHL). Ten-percentage emulsion of 

each fecal sample was applied to 10-fold dilutions. Each dilution sample (50 µg) was 

spread on 32CTX-DHL plates. After overnight incubation at 37 ºC, up to five discrete 

colonies per sample per plate were picked up and identified using API20E kit.  

2.2. Antimicrobial susceptibility testing 

Minimum inhibitory concentrations (MICs) were determined using a 

commercially available broth microdilution test (Eiken Chemical Co., Ltd., Tochigi, 

Japan) for the following 12 antimicrobial agents: ampicillin (AMP), cefazolin (CEZ), 

CTX, meropenem (MER), gentamicin (GEN), kanamycin (KAN), tetracycline (TET), 

nalidixic acid (NAL), ciprofloxacin (CIP), colistin (CST), chloramphenicol (CHL), and 

sulfamethoxazole-trimethoprim (SXT). The resistance breakpoint for CST was defined 

as per the guidelines of the European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) (19). Determination of resistance breakpoints for the other 

antimicrobials and confirmation of the ESBL phenotype by the disk diffusion test using 

CTX/clavulanate (30/10 µg/disk), and CTX (30 µg/disk) (Nissui Pharmaceutical, 
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Tokyo, Japan) were performed according to the guidelines of the Clinical and 

Laboratory Standards Institute (CLSI) (12).  

2.3. β-lactamase gene identification  

Genes encoding TEM and SHV β-lactamases were detected by polymerase chain 

reaction (PCR) using specific primers (37). CTX-M β-lactamase genes were detected 

using multiplex PCR (15), and subtypes of CTX-M-8/25 group β-lactamases were 

determined by sequencing analysis using the primer pair CTXM825F (5´-CGC TTT 

GCC ATG TGC AGC ACC-3´) and CTXM20 (5´-ATA ACC GTC GGT GAC AAT 

T-3´), described in a previous report (3). The thermocycling conditions for TEM and 

SHV β-lactamases genes, CTX-M β-lactamase genes and subtypes of CTX-M-8/25 

group β-lactamase genes were as follows: initial denaturation at 94 ºC for 2 minutes; 30 

cycle of 98 ºC for 10 seconds, 55 ºC for 30 seconds and 72 ºC for 1 minutes; followed 

by a final extension at 72 ºC for 7 minutes (15).  

Both strands of the amplified DNA fragments were sequenced at the Life Science 

Research Center of Gifu University, and the resulting amino acid sequences were 

analyzed using BLAST (National Center for Biotechnology Information, Bethesda, MD, 

USA). 

2.4. Pulsed-field gel electrophoresis (PFGE) analysis 

Genotypes of the ESBL-producing isolates were identified by PFGE according 

to the PulseNet standardized protocol (59), following the protocol for E. coli O157:H7 

and Shigella sonnei strains restricted with XbaI (PNL05 last update April 2013), Briefly, 

after digestion with the XbaI restriction enzyme (Takara Bio, Inc., Shiga, Japan), 
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electrophoresis was performed at 6 V/cm for 18.5 hours, with a pulse-time ranging from 

2.2 to 54.2 seconds, using a CHEF-DR III system (Bio-Rad Laboratories, Hercules, CA, 

USA). Salmonella serotype Braenderup H9812 strain digested with XbaI restriction 

enzyme was used as the universal size standard. Results were interpreted by generating 

an Unweighted Pair Group Method with Arithmetic mean (UPGMA) dendrogram with 

0.5% optimization and 0.5% band filtering tolerance using BioNumerics version 7.6.1 

(Applied Maths NV, Sint-Martens-Latem, Belgium).  

2.5. Plasmid analysis 

A conjugation experiment was performed using the broth-mating method with 

rifampicin (RIF)- and NAL-resistant E. coli DH5α as recipients, as described previously 

(70). Briefly, 4-hr-old Luria–Bertani broth (20 g/L, Becton, Dickinson and Company, 

Franklin Lakes, NJ, USA) cultures of the donor (0.5 mL) and the recipient (4.5 mL) 

were mixed in a 15 mL L-shaped tube (Asahi Glass Co., Ltd. Tokyo, Japan) and 

incubated in a water bath at 37°C for 1.5-2 hours under mild shaking. Dilutions of the 

donor and recipient mixture were spread on transconjugant-selective MacConkey agar 

(50 g/L, Eiken Chemical Co., Ltd., Tochigi, Japan) plates containing RIF (50 µg/mL) 

and CEX (50 µg/mL) and recipient-selective MacConkey agar plates containing RIF 

(50 µg/mL) in the experiment I. In the experiment II, the selective agar for 

transconjugants and recipients were Müller-Hinton agar (38 g/L, Becton, Dickinson and 

Company, Franklin Lakes, NJ, USA) plate containing RIF (50 µg/mL) and CTX (10 

µg/mL) and Müller-Hinton agar plate containing RIF (50 µg/mL), respectively. 

Tranconjugants were subjected to a PCR analysis using primers for CTX-M-8/25, SHV, 

and TEM and were examined for antimicrobial susceptibility. The plasmids 
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incompatibility type of transconjugants were identified by PCR-based plasmid replicon 

typing using primer sets descripted previously (8).  

2.5.1. Whole-genome sequencing of plasmids and data analysis 

The draft genome sequences of plasmid were obtained by NGS technology. 

Briefly, a plug of one transconjugant isolate was incubated with an S1-Nuclease enzyme 

(Promega, Wisconsin, USA) and subjected to PFGE in a SeaKemÒ agarose gel (Lonza, 

Rockland, ME, USA) (40). After S1-PFGE gel was strained with SYBRTM Gold nucleic 

acid (Invitrogen, Oregon, USA), plasmid bands were cut at a blue-light transilluminator 

and followed by purification using the Wizard® SV gel and PCR clean-up system 

(Promega corporation, Wisconsin, USA). Purified plasmid DNA was sequenced on an 

Illumina MiSeq sequencer (Illumina, California, USA) according to the instruction of 

manufacture. De novo assembly was performed with the A5-miseq pipeline (13), 

followed by in silico analysis which was the manual annotation by the global 

plasmidome analysing tool (GPAT), available in the database of pathogen genomic and 

epidemiology (GenEpid-J) (Pathogen Genomic Center, National Institute of infectious 

disease, Toyama, Japan). 

2.5.1.1. Whole-genome sequencing of bacteria by Nanopore sequencing and data 

analysis 

 All bacteria isolates carrying CTX-M-25 plasmids were further sequenced by the 

Nanopore sequencing (Oxford Nanopore). Briefly, purified bacterial DNA were 

sequenced on the Nanopore sequencing according to the instruction of manufacture. All 
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scaffolds of whole-genome sequences of bacterial isolates were subjected to 

PlasmidFinder 2.0, available in https://cge.cbs.dtu.dk/services.  

2.5.1.2. Mapping Illumina sequencing data with Nanopore sequencing data 

A short-read data from the Illunima sequencing (Illumina read) of each plasmid 

were mapped to a long-read data from the Nanopore sequencing (Nanopore read). The 

combined sequences of short-read data were annotated by rapid annotation using 

subsystem technology version 2.0 (RAST), available in http://rast.nmpdr.org/rast.cgi. 

2.5.2. Plasmid genome analysis 

Plasmid genomes were compared by visualization with CLC Genomics 

Workbench software, version 10.0.1 (Qiagen, Hilden, Germany). A Blast atlas view 

was generated by using the GView Server (https://server.gview.ca/) (56). The 

homologous sequences were searched by using the BLASTn program in the standard 

nucleotide BLAST of the NCBI database. Genome-level comparison were analysed and 

drawn by the Multiple alignment of conserved genomic sequence with rearrangements 

(Mauve) using progressive Mauve analysis (16) and the GView program version 1.7 

(www.gview.ca) (56).  

2.5.3. The relatedness among all plasmids 

Plasmid genomes were subjected to calculate an average nucleotide identity 

(ANI) and aligned nucleotides based on BLAST using the algorithm in a web server for 

prokaryotic species circumscription based on pairwise genome comparison 

(http://jspecies.ribohost.com/jspeciesws/) (60).  
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3. Results 

3.1. Experiment I 

CTX-resistant K. pneumoniae and E. cloacae isolates (MIC ≥ 4 µg/mL) were 

found in 1 (1.5%) and 4 (6.1%) of 66 bedding paper samples of a-day-old chicks, 

respectively.  

CTX-resistant K. pneumoniae was found in hatchery A (1/34, 2.94%). CTX-

resistant E. cloacae was found in 1 of 34 (2.9%), 2 of 8 (25.0%), and 1 of 24 (4.2%) 

samples obtained from hatcheries A, B, and C, respectively. Among CTX-resistant 

isolates from hatchery A, a K. pneumoniae strain carried blaCTX-M-25 together with 

blaSHV-11 and exhibited resistance to KAN and TET, and an E. cloacae strain carried 

blaCTX-M-25 together with blaTEM-1 and showed resistance to KAN. Other CTX-resistant 

E. cloacae strains were isolated from samples of hatcheries B and C. They harbored 

blaCTX-M-25 and exhibited resistant to KAN with GEN (two isolates of hatchery B) and 

KAN with CST (an isolate of hatchery C) (Table 1-1). The PFGE profiles of CTX-

resistant E. cloacae strains from the chicks in the three hatcheries were different from 

each other (Figure 1-1).  

Transconjugants were obtained from the K. pneumoniae strain of a-day-old 

chicks from hatchery A and two of the four E. cloacae strains of a-day-old chicks from 

hatchery A and C. All transconjugants were resistant to KAN. The replicon type of all 

transconjugants carrying blaCTX-M-25 was IncA/C plasmid (Table 1-2).   
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3.2. Experiment II 

Nine CTX-Ms-producing E. coli including CTX-M-2, CTX-M-14 and CTX-M-

25-producing E. coli were isolated from three (n = 1), one (n = 6), and one (n = 2) of 23 

samples, respectively. CTX-M-25-producing E. coli was isolated from a sample 

collected from 33-day-old chicks. The two CTX-M-25-producing E. coli had the same 

AMR and PFGE profiles.  

3.3. CTX-M-25 plasmids analysis  

Transconjugants obtained from CTX-M-25-producing E. coli and three 

conjugants in the experiment I were subjected to WGS analysis. After sequencing four 

CTX-M-25 plasmids, the GPAT analysis showed that all four CTX-M-25 plasmids 

belonged to IncA/C type. Three plasmids from E. cloacae (isolate ID–CC23, 

pEN23D1), K. pneumoniae (isolate ID–CC37, pKL37D1) and E. coli (isolate ID–S44, 

pES44D33) had eight resistance genes, including blaCTX-M-25, blaOXA-21, aac(6´)-Ib, 

ant(2)-Ia, aph(3)-Ia, aph(6)-Id, sul1 and sul2, while a plasmid of remaining one E. 

cloacae (isolate ID–32, pEN32D1) had only four resistance genes which were blaCTX-

M-25, aph(3)-Ia, aph(6’)-Id and sul2 (Table 1-3).  

3.3.1. The plasmid genomes 

After mapping a long-read contig of pEN23D1 with its short-read data [nine 

scaffolds–scaffold 23-1 (143,066 kb, 65.6% of total base pairs of Illumina read), 23-2 

(32,143 kb), 23-3 (9,217 kb), 23-4 (8,527 kb) and 23-5 (7,767 kb), 23-6 (7,552 kb), 23-

7 (5,496 kb), 23-8 (3,106 kb) and 23-9 (1,325 kb)], all nine scaffolds could not combine 

together. Thus, the estimated size of pEN23D1 plasmid was more than 218,199 bp. 
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After mapping a long-read contig of pEN32D1 with its short-read data [four 

scaffolds–scaffold 32-1 (142,452 kb), 32-2 (102,484 kb), 32-3 (4,674 kb), and 32-4 

(1,327 kb)], the two scaffolds could combine together [32-1 and 32-2 (draft pEN32D1–

244,972 bp, 97.6% of total base pairs of Illumina read)], while remaining two small 

scaffolds could not combine with any scaffold (32-3 and 32-4). Thus, the estimated size 

of pEN32D1 plasmid was more than 250,973 bp. 

After mapping a long-read contig of pKL37D1 with its short-read data [five 

scaffolds–scaffold 37-1 (151,393 kb), 37-2 (6,657 kb), 37-3 (4,674 kb), 37-4 (2,251 kb) 

and 37-5 (1,325 kb)], the three scaffolds could combine together [37-1, 37-2 and 37-5 

(draft pKL37D1–159, 230 bp, 95.7% of total base pairs of Illumina read)], while 

remaining two small scaffolds could not combine with any scaffold (37-3 and 37-4). 

Thus, the estimated size of pKL37D1 plasmid was more than 166,155 bp (Table 1-4). 

After mapping a long-read contig of pES44D33 with its short-read data [five 

scaffolds–scaffold 44-1 (153,034 kb), 44-2 (4,674 kb), 44-3 (4,478 kb), 44-4 (2,251 kb) 

and 44-5 (1,149 kb)], the three scaffolds could combine together [44-1, 44-3 and 44-5 

(draft pES44D33–158,173 bp, 95.5% of total base pairs of Illumina read)], while 

remaining two scaffolds could not combine with any scaffold (44-2 and 44-4). Thus, 

the estimated size of pES44D33 plasmid was more than 165, 098 bp (Table 1-4).  
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3.3.2. The percentage of ANI and aligned nucleotides of all CTX-M-25 plasmids used 

in this study 

Over the unmapped regions, read mapping analysis by CLC Genomics 

Workbench showed the identical sequences of (i) scaffold 44-2 and 37-3, and (ii) 

scaffold 44-4 and 37-4, of pES44D33 and pKL37D1, respectively.  

After calculating the percentage of ANI value and aligned nucleotide among 4 

long-read contigs, pEN23D1 was maximum against pES44D33 with 77.7% ANI and 

80.1% aligned nucleotides (133640/166821), pEN32D1 was maximum against 

pES44D33 with 77.7% ANI and 68.3% aligned nucleotides (113886/166821), 

pKL37D1 was maximum against pES44D33 with 77.8% ANI and 82.8% aligned 

nucleotides (138143/166821), and pES44D33 was maximum against pKL37D1 with 

77.7% ANI and 81.5% aligned nucleotides (132178/162176) (Table 1-5). Thus, 

pES44D33 and pKL37D1 had a maximum percentage of ANI and aligned nucleotides 

in each other’s sequence.  

3.3.3. Genome comparison between CTX-M-25 plasmids from E. coli and K. 

pneumoniae 

Read mapping analysis showed the close relatedness of core genome sequences 

(159.2–158.4 kb) of these two plasmids although they were different at two nucleotide-

insertion regions (1,372 bp), three regions of single different nucleotide (3 bp) and two 

regions of single nucleotide deletion/insertion (2 bp).  

The whole-genome comparison using progressiveMauve alignment (between 

pKL37D1 and pES44D33) showed complete congruity except for what appears to be 
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two insertion sites of pKL37D1 and one insertion site of pES44D33 (between 

nucleotide position 1 kp and 10 kp of both plasmids) (Figure 1-2A). Genome mapping 

analysis showed that two insertion regions located on pKL37D1 were a 111-nucleotide 

repeated sequence within transposase InsH insertion sequence element IS5 (InsH) and 

a 1261-nucleotide insertion sequence that included two transposases (transposase InsF 

insertion sequences element IS3 and transposase InsE insertion sequences element 

IS3E) located between two hypothetical protein and one insertion region located on 

pES44D33 within and next to class1 integrase (IntI1) that included 144-nucleotide 

repeated sequence within IntI1 and 170-nuclotide insertion sequence located between 

IntI1 and aac(6´)-Ib (Figure 1-2B). Read mapping analysis between Nanopore read data 

(as reference) and Illumina read data showed that the 170-nuclotide insertion sequence 

located between IntI1 and aac(6´)-Ib of Illumina read data of pES44D33 was not found 

on its Nanopore read data .   
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4. Discussion  

This study showed that CTX-M-25-producing K. pneumoniae and E. cloacae 

were detected in day-old chicks. CTX-M-25 was first found in E. coli isolated from a 

hospitalized patient in Canada in 2000 (47), and CTX-M-25 ESBL producers have been 

detected in E. cloacae, K. pneumoniae (51), and Proteus mirabilis (43) isolated from 

patients in several countries. In Japan, since CTX-M-25-producing E. coli was isolated 

from diseased poultry in 2005 and 2006 (3), blaCTX-M-25 has been detected in Salmonella 

Infantis and E. coli from healthy broilers in 2007 and 2008 (11) and in 2010 and 2012 

(27), respectively. These results suggested that blaCTX-M-25 is persistently distributed 

among various bacterial species in poultry in Japan. CTX-M-25 ESBL producers are 

not commonly detected in humans; the enzymes assigned in the CTX-M-9 group are 

most frequently found in E. coli isolated from human patients in Japan, (10, 67). 

The emergence and prevalence of AMR bacteria are associated with the selection 

due to the antimicrobial uses (23). However, the broilers in the farm of this study had 

no history of antimicrobial treatment. Suzuki et al. have reported the prevalence of the 

ESBL-producing Enterobacteriaceae carrying blaCTX-M-2 and blaCTX-M-14 in the broilers 

of the same farm in 2015 (67). In the present study, CTX-M-25-producing E. coli as 

well as the same CTX-M type ESBL producers of the previous study (67) was isolated 

from the broilers. In spite of no antimicrobial uses in this farm, the ESBL-producing 

Enterobacteriaceae might be persistent in the broiler flocks and the introduction of 

CTX-M-25-producing Enterobacteriaceae by day-old chicks might be associated with 

the presence of CTX-M-25-producing E. coli.  
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The spread of blaCTX-Ms in Enterobacteriaceae occurs via plasmid dissemination 

(9). Although all the CTX-M-25 plasmids used in this study were the IncA/C plasmid, 

whole genome analysis showed that the CTX-M-25 plasmids were distinguishable 

(Table 1-2). The plasmid of CTX-M-25-producing E. coli isolated one year later had 

maximum value of ANI and aligned nucleotide with one of three plasmid types carried 

by K. pneumoniae isolate (Table 1-5). The genome comparison between two plasmids 

revealed the close similarity within nucleotide sequence and gene feature of both 

plasmids with a difference in the K. pneumoniae carrying two IS elements. (Figure 1-

2). Therefore, the similarity of CTX-M-25 plasmids may represent the relatedness of 

two plasmids from K. pneumoniae and E. coli. The plasmid evolution is necessary to 

maintain the plasmids in the intracellular environment of new bacterial host cell (30). 

The longitudinal study of Knudsen et al. demonstrated that the deletion events in the 

CTX-M-1 plasmids were results of plasmids subsequently transferred to different E. 

coli strains in a cystic fibrosis patient treated with heavy antimicrobials (36). As the 

study of Porse et al. revealed that IS element was frequently deleted for the large 

plasmid stability in new bacterial hosts (57). In this study, the difference in IS-element 

deletion site of CTX-M-25 plasmid carried by E. coli (Figure 1-2) might be associated 

with the stability in E. coli. Thus, blaCTX-M-25 on IncA/C plasmid could be persistent in 

Enterobacteriaceae.   

Transconjugants obtained in the present study showed resistance to CTX along 

with KAN. Co-resistance often contributes to the prevalence of AMR bacteria (58). 

Hiki et al. reported an increase in KAN and streptomycin resistance in CTX-resistant 

E. coli isolated from broilers following the discontinuation of in ovo injections of 
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ceftiofur coupled with the vaccine for Marek's disease and fowl pox at a hatchery (26). 

The mechanism by which CTX-resistant Enterobacteriaceae increased in the broiler 

industry is unknown.  
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5. Conclusion 

This study showed that some of day-old chicks brought CTX-M-25-producing 

Enterobacteriaceae [E. cloacae (n = 2) and K. pneumoniae (n = 1)] into a commercial 

broiler farm. Although three types of CTX-M-25 plasmids invaded into a farm, one year 

later, one of three types of CTX-M-25 plasmids could be found in E. coli. In addition, 

the two CTX-M-25 plasmids carried by E. coli and K. pneumoniae were not exactly 

identical because of a major difference in deletion of two IS elements. Thus, persistence 

of blaCTX-M-25 in the farm may be associated with plasmid transfer to the bacteria and 

plasmid genome evolution in the bacterial cell.  
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Table 1-1. Characteristics of cefotaxime-resistant strains isolated from the meconium of a-day-old chicks 

CHL, chloramphenicol; CIP, ciprofloxacin; CST, colistin; CTX, cefotaxime; GEN, gentamicin; KAN, kanamycin; MER, meropenem; 
NAL, nalidixic acid; SXT, sulfamethoxazole and trimethoprim; TET, tetracycline. 
a Resistance breakpoint of CST (mg/L) was defined by EUCAST (19), while that of other antimicrobials (µg/mL) was defined by CLSI 
(12).  

Organism Strain  Hatchery β-lactamase type 
Minimum Inhibitory Concentration of antimicrobials (resistance breakpoint)a 

CTX 
(≥4) 

MER 
(≥4) 

GEN 
(≥16) 

KAN 
(≥64) 

TET 
(≥16) 

NAL 
(≥32) 

CIP 
(≥4) 

CST 
(>2) 

CHL 
(≥32) 

SXT 
(≥76/4) 

Klebsiella pneumoniae CC37 A CTX-M-25,  
SHV-11 

64 ≤0.25 2 ≥128 ≥64 4 ≤0.03 1 2 19/1 

Enterobacter cloacae CC23 A CTX-M-25,  
TEM-1 

≥64 ≤0.25 4 ≥128 4 16 ≤0.03 1 8 19/1 

 CC5 B CTX-M-25 ≥64 ≤0.25 32 64 4 2 ≤0.03 2 8 38/2 

 CC6 B CTX-M-25 ≥64 ≤0.25 32 64 4 2 ≤0.03 1 8 38/2 

  CC32 C CTX-M-25 ≥64 ≤0.25 ≤0.5 ≥128 2 4 ≤0.03 ≥16 8 9.5/0.5 
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Table 1-2. Characteristics of donor strains and their transconjugants   

Organism Donor  β-lactamase type Resistance patternsa 
Transconjugant 
ID 

β-lactamase type 
Plasmid 
replicon 
type 

Resistance 
patternsa 

Klebsiella 
pneumoniae CC37 

CTX-M-25,  
SHV-11 

CTX, KAN, TET TC37 CTX-M-25 IncA/C CTX, KAN 

Enterobacter 
cloacae 
  

CC23 
CTX-M-25,  
TEM-1 

CTX, KAN TC23 CTX-M-25 IncA/C CTX, KAN 

CC32 CTX-M-25 CTX, KAN, CST TC32 CTX-M-25 IncA/C CTX, KAN 

CST, colistin; CTX, cefotaxime; KAN, kanamycin; TET, tetracycline. 
a Resistance breakpoint of CST (mg/L) was defined by EUCAST (19), while that of other antimicrobials (µg/mL) was defined by CLSI 
(12).  
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Table 1-3. Characteristics of four CTX-M-25-producing Enterobacteriaceae isolates in a broiler farm and the characteristics of their 
transconjugants carried CTX-M-25/IncA/C plasmids 
Samples 
(collection time) 

Donor  Transconjugants  
ID Organism  β-lactamase  Non-β-

lactam 
resistance 
profile 

 Plasmid ID Non-β-
lactam 
resistance 
profile 

β-lactamase Non-β-lactam 
resistance genes 

A-Day-old chicks 
(from January to 
July 2016) 

CC23 Enterobacter 
cloacae  

CTX-M-25, 
TEM-1 

KAN  pEN23D1 KAN CTX-M-25, 
OXA-21 

aac(6')-Ib, ant(2)-Ia, 
aph(3')-la, aph(6)-Id, 
sul1, sul2 

CC32 Enterobacter 
cloacae 

CTX-M-25 KAN, CST  pEN32D1 KAN CTX-M-25 aph(3')-la, aph(6)-Id, 
sul2 

  
CC37 Klebsiella 

pneumoniae  
CTX-M-25, 
SHV-11 

KAN, TET  pKL37D1 KAN CTX-M-25, 
OXA-21 

aac(6')-Ib, ant(2)-Ia, 
aph(3')-la, aph(6)-Id, 
sul1, sul2 

Fattening broilers 
(from July to 
August 2017) 

S44 Escherichia 
coli  

CTX-M-25 KAN, TET  pES44D33 KAN CTX-M-25, 
OXA-21 

aac(6')-Ib, ant(2)-Ia, 
aph(3')-la, aph(6)-Id, 
sul1, sul2 

CST, colistin; KAN, kanamycin; TET, tetracycline
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Table 1-4. The size of CTX-M-25/IncA/C plasmids from Nanopore sequencing and Illumina sequencing and the size of draft plasmid 
genomes of pKL37D1 and pES44D33 

Plasmid ID 

Long-read data from 
Nanopore sequencing  
[total base pairs (one 
scaffold)] 

Short-read data from 
Illumina sequencing  
(total base pairs, number 
of scaffolds,) 

Total base pairs of draft plasmid genome from mapping 
between long-read and short-read data  
(number of combination scaffolds) [percentage of nucleotides] 

pKL37D1 162,176 166,302 (5) 159,230 (3) [95.7%, 159230/166302] 
pES44D33 166,821 165,586 (5) 158,173 (3) [95.5%, 158173/165586] 
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Table 1-5. The value of an average nucleotide identity (%) and aligned nucleotides (%) of the long-read data from Nanopore sequencing 
of all 4 CTX-M-25/IncA/C plasmids 

Query pEN23D1 pEN32D1 pKL37D1 pES44D33 
Reference     

pEN23D1  77.01a 77.81a 77.94a 

(201,286 bp) * 57.25b 62.00b 64.68b 
  (115228/201286) (124802/201286) (130088/201286) 

pEN32D1 76.87a  77.82a 77.62a 

(246,369 bp) 46.77b * 43.98b 43.25b 
 (115218/246369)  (108362/246369) (106550/246369) 

pKL37D1 77.84a 78.07a  77.68a 

(162,176 bp) 74.74b 65.13b * 81.50b 
 (121205/162176) (105631/162176)  (132178/162176) 

pES44D33 77.67a 77.74a 77.78a  

(166,821 bp) 80.11b 68.27b 82.81b * 
 (133640/166821) (113886/166821) (138143/166821)  

a An average nucleotide identity (%) was calculated by pairwise comparison using BLAST 
b Percentage of aligned nucleotides (number of aligned nucleotides/ total base pairs of reference plasmids) 
*The reference and query sequences were same plasmid.  
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Figure 1-1.  Dendrogram of XbaI-digested pulsed-field gel electrophoresis (PFGE) profiles of CTX-M-25-harboring isolates of 
Enterobacter cloacae obtained from a-day-old chicks from three hatcheries. The figure was created by UPGMA analysis with 0.5% 
optimization and 0.5% band filtering tolerance using BioNumerics version 7.6.1. kb, kilobases; CST, colistin; GEN, gentamycin; KAN, 
kanamycin; TET, tetracycline. 
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Figure 1-2. The comparison between two CTX-M-25/IncA/C plasmids of Klebsiella pneumoniae (pKL37D1) and Escherichia coli 
(pES44D33). (A) The whole plasmid genome comparison created by Mauve program. (B) The genome-mapping analysis, between 
pKP37D1 and pES44D33, showed the two nucleotide-insertion sites on pKL37D1 that were a repeat of a 111-nucleotide repeated 
sequence within transposase InsH insertion sequence element IS5, and a 1,261-insertion nucleotides of transposase InsF and InsE for 
insertion sequence element IS3 and IS3E, respectively, between two hypothetical proteins, and a nucleotide-insertion site of pES44D33 
that was a 144-nucleotide repeated sequence within class 1 integrase IntI1 and a 170-insertion nucleotides between IntI1 and aac(6´)-
Ib.  
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CHAPTER II 

Transmission of an IncI1 plasmid harboring blaCTX-M-14 among domestic and wild 

animals on the Gifu University campus in Japan  
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1. Introduction 

AMR bacteria in humans and domestic animals are linked to the prevalence of 

such strains in the environment, including those in wild animals (72). Some wild 

animals are frequently found in or around human societies and domestic animal 

facilities (29, 49, 71). Because AMR bacteria can potentially proliferate in their 

intestines, wild animals can act as reservoirs of these microorganisms for humans, 

domestic animals, and other hosts in the natural environments (71).  

In 2015, CTX-M-14-producing E. coli was isolated from Siberian weasels 

(Mustela sibirica) on Gifu University campus (Gifu Prefecture, Japan). In Japan, CTX-

M-14-producing E. coli have been commonly detected in domestic animals (26, 53, 55), 

indicating that CTX-M-14-producing bacteria in the environment could originate from 

domestic animals.  

Several genotyping methods has been used to determine the source of bacteria 

based on the examination of genetic relatedness among bacteria. PFGE analysis is an 

epidemiological tool developed for separating large DNA fragments following 

digestion with restriction enzymes (25) and has been applied to E. coli genotyping in 

several studies (35, 45). Different bacterial genotypes of ESBL-producing bacteria are 

observed based on the transferability of ESBL plasmids (45). Thus, the characterization 

of ESBL plasmids is performed to investigate the source of ESBL-producing bacteria. 

Plasmid incompatibility is defined as an inability to maintain plasmids of the same 

replicon type in a bacterial cell. Further, classifying the Inc type of plasmids is helpful 

to determine their relatedness (8). However, diversity among the CTX-M type of ESBL 



 
 

32 

plasmid genomes belonging to the same Inc type has been reported (2). The whole-

genome sequences of plasmids can reveal their evolutionary patterns (30). Thus, 

understanding the relationships between plasmid features and bacterial hosts has been 

important for explaining how plasmids have been transferred among bacteria in several 

instances. 

The aim of this study was to clarify the relatedness of CTX-M-14 plasmids between 

wild and domestic animals on this campus. Thus, the prevalence and characteristics of 

CTX-M-14-producing bacteria and plasmids belonging to these bacteria by PFGE 

analysis and WGS of their belonging plasmids in domestic animals and wild rats from 

animal facilities on campus were examined. 
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2. Materials and methods  

2.1. Sampling 

In 2015, CTX-M-14-producing E. coli were isolated from two of nine weasels 

that were captured near the animal facilities at Gifu University (Figure 2-1). Samples 

of the intestinal contents were collected from nine weasels that were trapped in the same 

place in May (n = 4), June (n = 1), October (n = 1), November (n = 2), and December 

(n = 1).  

From April to December 2016, 88 fecal samples were collected from seven 

animal facilities, including 69 samples from domestic animals—11 samples from 

individual dogs in dog facility 1 (DF1); 10 samples from 10 kennels (four dogs/kennel) 

of dog facility 2 (DF2), seven samples from individual cattle in a cattle facility, 18 

samples from individual dairy cows in a dairy cow facility, 14 samples from individual 

goats in a goat facility, four fecal samples from ponies in a pony facility, and five fecal 

samples of laying hens in a laying hen facility—and 19 intestinal-content samples from 

captured wild rats in three animal facilities, including 13 rats (two Rattus norvegicus, 

11 R. rattus) in a dairy cow facility, one rat (R. rattus) in a goat facility, and five rats 

(R. rattus) in a laying hen facility (Table 2-1). The capture location of blaCTX-M-14-

positive bacteria in weasels, the locations of the seven animal facilities, and the distance 

between locations are shown in Figure 2-1.   
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2.1.1. Ethics 

The fecal sampling in this study was approved by ethics committee for animal 

research and welfare of Gifu University (approval number 17109) and by the ethics 

committee for academic research capture of Gifu Prefecture (approval number 821). 

2.2. Isolation of bacteria 

AMR bacteria were recovered from CEX-DHL agar and DHL agar containing 2 

µg/mL of CTX (2CTX-DHL). The isolates were identified as bacterial species using 

the API20E Kit. 

2.3. Antimicrobial susceptibility testing and β-lactamase gene identification 

Antimicrobial susceptibility testing and identification of β-lactamase genes were 

performed as described in Chapter I. Genes encoding CMY-2 were detected by PCR 

using specific primers (37). The thermocycling conditions for CMY-2 gene were as 

follows: initial denaturation at 94 ºC for 3 minutes; 30 cycle of 94 ºC for 30 seconds, 

60 ºC for 30 seconds and 72 ºC for 1 minutes; followed by a final extension at 72 ºC for 

7 minutes (37).  

2.4. PFGE analysis 

PFGE analysis was performed as described in Chapter I. 

2.5. Plasmid characterization 

Plasmid characterization was performed as described in Chapter I. 

2.6. WGS of plasmids and data analysis 

WGS of plasmids and data analysis were performed as described in Chapter I. 
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2.6.1. Relatedness between all plasmids used in this study and their interrelatedness 

with highly similar plasmids 

To study closely related plasmids, all six draft genome sequences were queried 

for highly similar sequences using the standard nucleotide BLAST of the NCBI 

database. The most highly similar sequence identified using p74DF1, p80DF1, p105CF, 

p130MS, and p116DF2 was the CTX-M-1/IncI1 plasmid (GenBank accession number 

KF787110) with 93.0% query coverage and 99.6% identity, and that identified using 

p123DF2 was the IncI1 plasmid (which was not carried any resistance gene) (GenBank 

accession number CP001118) with 84.0% query coverage and 98.7% identity. All draft 

genome sequences used in this study and their highly similar sequences were aligned 

and imported into SplitsTree software, version 4.11.3 (SplitsTree4) (31) to create a 

phylogenetic network for analyzing the relatedness between all plasmids in this study 

and highly similar plasmids. Then, all draft genome sequences were aligned and 

imported into SplitsTree4 to create a phylogenic network based on the neighbor-joining 

algorithm for analyzing their relatedness. 

2.6.2. Analysis of plasmid recombination 

 All draft plasmid genome sequences used in this study were aligned and 

imported into SplitsTree4 (31) and the recombination detection program (RDP4) (41). 

The pairwise homoplasy index, PHI (Φw test), were used to identify the occurrence of 

recombination.  
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2.6.3. Analysis of CTX-M-14 plasmid evolution 

 One CTX-M-14 plasmid of this study was used to identify the possible source in 

Japan. This was done by searching the standard nucleotide BLAST of the NBCI 

database with the following parameters: plasmid, IncI1, CTX-M-, and Japan. To 

identify closely related plasmids, one CTX-M-14 plasmid was compared against all 

IncI1 plasmids carrying CTX-Ms in Japan by performing BLAST atlas analysis. 

Genome comparison between the most related plasmid and the CTX-M-14 plasmid 

used in this study were performed using the progressiveMauve program.  



 
 

37 

3. Results 

3.1. Prevalence of TGC-resistant strains in domestic animals and wild rats 

TGC-resistant E. coli was isolated from 29 of 88 samples. CTX-M-14-producing 

E. coli was observed in DF1 (eight of 11 samples), DF2 (four of 10 samples), and a 

cattle facility (two of seven samples, one positive sample from a dairy cow and another 

from a beef cow), whereas CMY-2-producing E. coli was observed in DF2 (seven of 

10 samples), a pony facility (all four samples), and a laying hen facility (all five samples 

of laying hens and two of five samples of wild rats). In addition, three positive samples 

isolated from DF2 contained both CTX-M-14-producing E. coli and CMY-2-producing 

E. coli (Table 2-1). 

A total of 39 CTX-M-14-producing isolates and 71 CMY-2-producing isolates 

was obtained from 14 and 18 positive samples, respectively (Tables 2-1 and 2-2). Five 

of 39 isolates harbored blaCTX-M-14 together with blaTEM-1 and they were resistant to non-

β-lactam agents such as TET-NAL-CIP-CHL (three isolates from one of eight positive 

samples in DF1) and GEN-KAN-SXT (two isolates from one of four positive samples 

in DF2). The remaining 34 CTX-M-14 producing isolates were susceptible in non-β-

lactam testing (Table 2-2).  In addition, 57 of all 71 CMY-2-producing isolates from 

ponies (12 isolates) and laying hens (45 isolates) were resistant to a non-β-lactam 

agent(s) as follows: 12 TET-resistant isolates from the pony facility, and two NAL-, 12 

NAL-SXT-, 19 NAL-SXT-TET-, and 12 NAL-SXT-TET-CIP-resistant isolates from 

the laying hen facility. The remaining 14 isolates harboring blaCMY-2 were isolated from 

DF2. One of all 14 isolates from DF2 carried both blaCMY-2 and blaTEM-1, and it was 
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resistant to GEN and KAN. The remaining 13 isolates from DF2 were susceptible in 

non-β-lactam testing (Table 2-2). 

3.2. PFGE analysis  

Thirty-five PFGE profiles of 71 CMY-2-producing E. coli isolates from 

domestic animals and wild rats were classified into 21 clusters based on 90% similarity 

(Figure 2-2). Seven PFGE profiles of CTX-M-14-producing bacteria were classified 

into six clusters (clusters A, B, C, D, E, and F) based on 90% similarity (Figure 2-3). 

Six PFGE profiles for 39 CTX-M-14-producing E. coli isolates from domestic animals 

and a single PFGE profile for two CTX-M-14-producing E. coli from two weasels were 

found. Multiple PFGE profiles of CTX-M-14-producing E. coli were found in DF1 (two 

PFGE profiles: a single PFGE profile for three isolates [cluster F] and another profile 

for 20 isolates [cluster B]) and DF2 (three PFGE profiles: a single PFGE profile for two 

isolates [cluster E] and two PFGE profiles for four isolates [cluster C]), as shown in 

Figure 2-3. 

3.3. CTX-M-14 plasmid analysis 

The replicon type of all transconjugants carrying blaCTX-M-14 was the IncI1 

plasmid, and each showed susceptibility to non-β-lactams (Table 2-3). Six plasmids 

selected from six PFGE profiles of six clusters were subjected to WGS, including the 

TC130 plasmid (p130MS) from one weasel (M. sibirica), the TC74 plasmid (p74DF1) 

and TC80 plasmid (p80DF1) from DF1, the TC116 plasmid (p116DF2) and TC123 

plasmid (p123DF2) form DF2, and the TC105 plasmid (p105CF) from the cattle facility. 

Assembly and annotation by GPAT revealed that p74DF1 (99,262 bp), p80DF1 (98,904 
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bp), p105CF (99,001 bp), and p130MS (98,904 bp) generated one scaffold, whereas 

p116DF2 and p123DF2 generated two scaffolds (98,456 bp and 755 bp) and three 

scaffolds (105,498 bp, 3,612 bp, and 3,260 bp), respectively. Read mapping analysis 

using CLC Genomics Workbench showed that the two small scaffolds of p123DF2 were 

not repeat sequences of the largest scaffold and were not identical to those of the other 

plasmids. The three scaffolds of p123DF2 could not be combined together. 

BLASTn analysis showed that the two small scaffolds of p123DF2 had a highly 

similar sequence with several genes located on chromosome, with ≥ 99% identity and 

query coverage. Annotating these two scaffolds showed that one scaffold contained 

genes encoding tRNA-Asp-GTC, 5S rRNA, and 23S rRNA, whereas the other scaffold 

contained genes encoding the outer membrane vitamin B12 receptor protein, the 

glutamate racemase protein, and 16S rRNA. In contrast, both scaffolds of p116DF2 

could be combined together. Thus, the sizes of the five plasmids were confined to a 

narrow range (98.90–99.26 kb) as follows: p74DF1, p80DF1, p105CF, p130MS, and 

p116DF2 were 99,262 bp, 98,904 bp, 99,001 bp, 98,904 bp, and 99,067 bp, respectively, 

whereas the major scaffold of p123DF2 was larger than the others, with a length of 

105,498 bp (Table 2-3). 

3.3.1. Genome comparisons of the CTX-M-14 plasmids  

BLAST atlas analysis showed high degree of sequence similarity in the term of 

genes located on the p123DF2 plasmid, among all plasmids. However, p123DF2 

plasmid was different from other plasmids because of its 6,940-bp insertion (Figure 2-

4). In detail, read-mapping analysis with CLC Genomics Workbench showed a close 
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similarity of nucleotide sequences (98.9–110.0 kb) of all plasmids, although they had 

differences in two regions located around blaCTX-M-14 (7,334 bp) and within the shufflon 

system plasmid conjugative transfer pilus tip adhesin gene, PilV (PilV shufflon) (4,439 

bp) (Figure 2-5). 

3.3.2. Relatedness between six CTX-M-14 plasmids and their interrelatedness with 

highly similar plasmids 

The phylogenetic network of eight plasmid genomes (six CTX-M-14 plasmids 

and two CTX-M-14 plasmids with highly similar sequences) showed the distinctions 

between the group of CTX-M-14 plasmids and the group of their highly similar 

sequences (Figure 2-6A). The phylogenic network of an alignment of six CTX-M-14 

plasmids showed three clusters of relatedness nucleotide sequences that were (i) 

p80DF1–p105CF, (ii) p130MS–p123DF2 and (iii) p74DF1–p116DF2 (Figure 2-6B).  

3.3.3. Analysis of CTX-M-14 plasmid recombination 

 The alignment of six CTX-M-14 plasmids revealed significant recombination-

related nucleotide sequences in the core genes (P value of the Φw test from SplitsTree4 

was 7.021E-6). The recombination network showed that p116DF2 was part of the 

reticulate network between p105CF and p74DF1 (Figure 2-6C). The RDP4 results 

showed that 2 events of recombination (P value of the Φw test < 0.001) that were (i) 

p116DF2 was a potential recombination between p74DF1 (major parent with 99.5% 

similarity) and p105CF (sequence used to infer unknown parent) by four of nine 

analysis methods (RDP, average P value = 4.55E-2; Chimaera, average P value = 

4.10E-2; SiScan, average P value = 4.70E-6; and 3Seq, average P value = 4.52E-2;) 
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and (ii) p123DF2 was a potential recombination between p116DF2 (major parent with 

100% similarity) and p80DF1 (minor parent with 85.3% similarity) by one of nine 

analysis methods (RDP, average P value = 5.12E-7).  

3.3.4. Evolution of a CTX-M-14 plasmid in this study with sequences related to IncI1 

plasmids in Japan 

The genome comparison performed by BLAST atlas analysis showed that an E. 

coli S11 plasmid carrying blaCTX-M-8, isolated from chicken meat in Aichi prefecture 

(52) (GenBank accession number AP017893), was most related to CTX-M-14 plasmid 

in this study (p80DF1). MagaBLAST analysis showed 84.00% query coverage and 

99.39% identity between AP017893 and p80DF1 (query sequence). After aligning both 

plasmid genomes with the Mauve program, their core genes were quite similar with a 

few different sites, as shown in Figure 2-7.  
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4. Discussion 

In this study, the transmission of ESBL-producing bacteria in a limited area were 

demonstrated. The data showed that blaCTX-M-14- and blaCMY-2-carrying bacteria were 

prevalent on this campus (Table 2-1). The blaCMY-2-carrying bacteria were prevalent 

over a large area, with diversity in their PFGE and AMR profiles (Figure 2-2 and Table 

2-2). These findings suggest that the widespread CMY-2-producing bacteria might 

reflect the adaptation of CMY-2-producing strains, which enabled them to persist on 

this campus. In contrast, CTX-M-14-producing bacteria were prevalent in a limited area, 

even though free-moving animals such as weasels carried CTX-M-14-producing strains 

(Figure 2-1). Siberian weasels represent an invasive species of mammalian predators in 

Japan and are distributed in the Gifu Prefecture and other prefectures adjacent to Gifu 

(62).  

The Gifu University campus is located in a rural area of the Gifu Prefecture, 

which is surrounded with paddy fields and cultivated fields. In addition, this campus 

has several companion and livestock animal facilities. Thus, Gifu University is an 

appropriate setting for weasels to seek food. It is possible that weasels acquired or 

transferred CTX-M-14-producing E. coli from/to domestic animals, although the 

bacterial PFGE profiles of weasels and domestic animals were distinguished. The 

present study also revealed genotypic differences in CTX-M-14-producing E. coli 

isolated from domestic animals in three animal facilities, although the animal facilities 

were located within 45 meters of each other.  
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Despite the fact that a few bacterial genotypes were found in DF1 and DF2, a 

strain susceptible to antimicrobial other than b-lactam from both dog facilities belonged 

to a unique, unrelated cluster (Figure 2-3 and Table 2-2), indicating that the genotypes 

of CTX-M-14-producing bacteria in the area could be grouped, not only by bacterial 

origin but also by their AMR profiles. Bacterial mutations help stabilize TGC-resistant 

strains in animal gut microbiota populations (64), and the high percentage of similarities 

(≥95%) of two PFGE profiles of non-b-lactam-susceptible strains in DF2 implied the 

mutation of these bacterial strains. The independence of the bacterial genotypes found 

at three animal facilities was possible due to the biosecurity of animal facilities and/or 

the intestinal conditions of the animals. The biosecurity might have prevented the 

intrusion of TGC-resistant strains from other facilities. Differences in animal species 

and/or animal food can lead to distinguishable gut microbiota linked to differences in 

TGC-resistant strains surviving in the intestines of animals. However, dissemination of 

the CTX-M-14 gene in this area could be due to the potential spread of CTX-M-14-

producing bacteria from animal facilities to local environments (72). Thus, continuous 

hygienic practice should be followed both inside animal facilities and in the surrounding 

environment.  

 Some reports have demonstrated closely related plasmids in bacteria with 

different genotypes (45, 52, 63). It is possible that CTX-M-14-producing strains 

circulated in each animal facility harbored a closely related plasmid. All six plasmids 

had nearly the same size and a close similarity in terms of their genome sequences 

(Figure 2-4 and Table 2-3) with a significant recombination-related alignment of genes 
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(P < 0.01), although one of six plasmids (p123DF2) was found to have a 6,940-bp 

insertion (Figures 2-4 and 2-5A, and 2-6).  

The differences in two genes next to blaCTX-M-14 and the six-gene insertion of 

p123DF2 (Figure 2-5A) were associated with the bacterial phosphotransferase system 

(PTS), which is not directly related to plasmid-transfer systems (38). In contrast, 

differences in the IS1380 family transposase gene are related to the transfer ability of 

AMR genes between plasmids. In addition, the diversity of shufflon-segment 

compositions found in this study could reflect random recombination between the 

inverted recombination sites in the shufflon region (21) and/or shufflon rearrangement 

by the site-specific recombination of genes located next to the shufflon gene (66). 

However, no genes encoding protein–shufflon segments were observed in the plasmid 

genomes, except for shufflon segment D´ of p116DF2 (Figure 2-5B). Thus, the 

differences in the six whole-genome plasmids in this study might not have interfered 

with the transmission function of plasmids. The results in this study suggested that all 

plasmids originated from the same ancestor and that the differences in the plasmid 

genomes were due to plasmid recombination. Thus, the findings of this study also 

revealed that the different genotypes of CTX-M-14-producing bacteria had closely 

related in nucleotide sequences of plasmids. 

 An evolution of plasmids is necessary to ensure the maintenance of plasmids in 

a new bacterial cell following transfer from one bacterial cell to another (22). In this 

study, the six CTX-M-14 plasmids were close relatedness in genome sequences, but 

they were distinguishable from their highly similar plasmids (Figure 2-6A). Potential 
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recombination donors were not detected in any plasmids from all origins, except for 

DF2. The evolution of both plasmids from DF2 were from the potential recombination 

between the plasmids from DF1 and cattle facility and between DF1 and DF2. Thus, 

the plasmids from DF2 were originated from DF1 and cattle facility. The phylogenic 

network analysis based on the neighbor-joining algorithm showed that p116DF2 has 

close similarity with p74DF1 because p74DF1 was a major recombination parent of 

p116DF2 and that p80DF1 has close similarity with p105CF and these plasmids were 

closed to the ancestral root of recombination network more than both plasmids from 

DF2 because they were the recombination parent of DF2 (Figure 2-6C). In additional, 

p123DF2 had close relatedness with p130MS  because they were in the same cluster of 

the phylogenic network analysis (Figure 2-6B) although they were difference in 59 bp 

and 113 bp within IS1380 family transposase and PTS HPr component phosphorylation 

gene, respectively, and the six genes of a insertion site located on p123DF2 (Figure 2-

5A). Thus, the timeline of plasmid transfer could be from DF1 and cattle facility to DF2. 

These results suggested that CTX-M-14 plasmids were circulated among domestic 

animals and weasels by plasmid transfer.  

 The previous report demonstrated the prevalence of different TGC-resistance 

genes in bacteria isolated from dogs in DF1 (35), suggesting that CTX-M-14-producing 

bacteria might have intruded into this area. The CTX-M-14 plasmid in this study was 

similar in gene feature of the IncI1 plasmids harbored by CTX-M-8-producing E. coli 

isolated from chicken meat sold in the Aichi Prefecture of Japan (52) (Figure 2-7). Over 

the insertion/deletion sites in the genome sequences, differences in nucleotides were 

observed in terms of the genes located near blaCTX-Ms and the genetic environments, 
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such as transposons and other genes, suggesting the presence of gene-jumping systems 

for resistance genes within the transposon elements. Thus, it is possible that blaCTX-

Ms/IncI1 plasmids carrying Enterobacteriaceae circulating in Japan share close 

relatedness and, in particular, that the dissemination of ESBL-producing bacteria is 

driven by the transmission of ESBL-encoding plasmids.  
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5. Conclusion  

Although, the clonal spread of ESBL-producing bacteria between domestic and 

wild animals (weasel) was observed in each facility/location, ESBL-encoding plasmids 

that prevailed in them evolved from the same origin. Thus, after the occurrence of 

ESBL-producing bacteria in some facilities, control of the distribution of ESBL-

producing bacteria and their ESBL-encoding plasmids is important to prevent the 

dissemination of ESBL genes to other facilities and environments. Although, the 

genotyping of ESBL-producing bacteria could not indicate the origin of ESBL-

producing bacteria in wild animals in this study, the relatedness of ESBL-encoding 

plasmids among domestic and wild animals could be clarified by the plasmid analysis. 

Therefore, the clonal spread of ESBL-producing bacteria and plasmid transmission are 

both essential factors in determining the distribution of ESBL-producing bacteria and 

their belonging plasmids.  
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Table 2-1. The prevalence of third-generation cephalosporin-resistant Escherichia coli 
isolates from domestic animals and wild rats captured on Gifu University campus in 
2016 and their resistance genes 
Animal facility 
(number of 
sampling 
locationa) 

Animal 
[animal species 
(number of 
samples)] 

Collection 
period  

Number 
of 
samples 

Number of positive 
samples 
(prevalence, %) 
blaCTX-M-14  blaCMY-2  

Dog facility 1 (1) Dog June 11 8 (72.7)b 0 (0) 
Dog facility 2 (2) Dog  December 10 4 (40.0)b 7 (70.0)c 

Cattle facility (3) 
Dairy cow (5) 
and beef cow 
(2) 

October 7 2 (28.6) 0 (0) 

Dairy cow facility 
(4) Dairy cow October 18 0 (0) 0 (0) 

 
Rat [Rattus 
norvegicus (2), 
R. rattus, (11)] 

From April 
to June 13 0 (0) 0 (0) 

Pony facility (5) Pony  June 4 0 (0) 4 (100.0) 
Goat facility (6) Goat  August 14 0 (0) 0 (0) 
 Rat [R. rattus] July 1 0 (0) 0 (0) 
Laying hen 
facility (7) Laying hen   September 5 0 (0) 5 (100.0) 

 Rat [R. rattus] From May 
to July 5 0 (0) 2 (40.0) 

Total number of 
samples     88 14 (15.9) 18 (20.5)  

a The number of each sampling location was designated in Figure 2-1. 
b E. coli harboring blaCTX-M-14 together with blaTEM-1 were isolated from 1 of 8 samples 
and 1 of 4 samples, respectively. 
c Both CTX-M-14- and CMY-2-producing E. coli were isolated from 3 of 7 samples at 
dog facility 2. 
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Table 2-2. The antimicrobial-resistance profiles of cefotaxime-resistant strains carrying 
blaCTX-M-14 and blaCMY-2 that were isolated from the animal facilities 
β-lactamase 
gene 

Animal facility Number 
of 
isolates 

Non-β-lactam-resistance 
profile (number of 
isolates)a 

Other β-lactam-
resistance genes 

blaCTX-M-14  Dog facility 1 23 TET-NAL-CIP-CHL (3) blaTEM-1    
Susceptibility (20) None  

Dog facility 2 6 GEN-KAN-SXT (2) blaTEM-1    
Susceptibility (4) None  

Cattle facility 10 Susceptibility (10) None  
blaCTX-M-14 subtotal 39 

  

blaCMY-2 Dog facility 2 14 GEN-KAN (1) blaTEM-1    
Susceptibility (13) None  

Pony facility 12 TET (12) None  
Laying hen facility 45 NAL (2) None    

NAL-SXT (12) None    
NAL-SXT-TET (19) None    
NAL-SXT-TET-CIP (12) None  

blaCMY-2 subtotal 71 
  

Total   110     
a CHL, chloramphenicol; CIP, ciprofloxacin; GEN, gentamycin; KAN, kanamycin; NAL, nalidixic 
acid; TET, tetracycline. 
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Table 2-3. The characteristics of 6 donor strains carrying CTX-M-14 plasmids and their transconjugants from 6 pulsed-field gel 
electrophoresis (PFGE) profiles of 6 clusters of domestic animals and wild weasels 
Animal origin 
or facility 

Donor  Transconjugant (TC) 
Donor 
ID 

Sample 
IDa 

β-lactamase  Non-β-lactam-
resistance profileb 

 TC ID Plasmid ID β-lactamase  Non-β-lactam-
resistance 
profile 

Replicon 
type 

Plasmid 
size (bp) 
by NGSc 

Siberian 
weasel (M. 
sibirica) 

130 MS7 CTX-M-14 Susceptible   TC130 p130MS CTX-M-14 Susceptible IncI1 98,904 

Dog facility 1 
(DF1) 

74 D12 CTX-M-14, 
TEM-1 

TET-NAL-CIP-
CHL 

 TC74 p74DF1 CTX-M-14 Susceptible IncI1 99,262 
 

80 D14 CTX-M-14 Susceptible  TC80 p80DF1 CTX-M-14 Susceptible IncI1 98,904 

Dog facility 2 
(DF2) 

116 D23 CTX-M-14 Susceptible  TC116 p116DF2 CTX-M-14 Susceptible IncI1 99,067 
 

123 D27 CTX-M-14, 
TEM-1 

GEN-KAN-SXT  TC123 p123DF2 CTX-M-14 Susceptible IncI1 105,498 

Cattle facility 105 BC6 CTX-M-14 Susceptible  TC105 p105CF CTX-M-14 Susceptible IncI1 99,001 

a BC, beef cow; D, dog; MS, Mustela sibirica 
b CHL, chloramphenicol; CIP, ciprofloxacin; GEN, gentamycin; KAN kanamycin; NAL, nalidixic acid; TET, tetracycline 

c NGS, next-generation sequencing 
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Figure 2-1. The sampling locations at Gifu University: 0, a location where wild weasels 

were captured; 1, dog facility 1 (DF1); 2, dog facility 2 (DF2); 3, a cattle facility; 4, a 

dairy cow facility; 5, a pony facility; 6, a goat facility; and 7, a laying hen facility. The 

distances between facilities were as follows: sampling location of weasels and DF1, 55 

m; DF1 and DF2, 45 m; DF2 and the laying hen facility, 140 m; the laying hen facility 

and pony facility, 70 m; the pony facility and DF1, 200 m. 
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Figure 2-2. The 71 CMY-2-producing E. coli isolates from 18 CMY-2-producing E. 
coli-positive samples collected from 3 domestic animal facilities and wild rats were 

classified into 21 clusters and 35 pulsed-field gel electrophoresis (PFGE) profiles 

(UPGMA: 1.0% optimization and 1.0% band-filter tolerance). CIP, ciprofloxacin; D, 

dog; DF2, dog facility 2; GEN, gentamycin; KAN, kanamycin; LH, laying hen; NAL, 

nalidixic acid; P, pony; R, rat; SXT, sulfamethoxazole/trimethoprim; TET, tetracycline
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Figure 2-3. The 41 CTX-M-14-producing E. coli isolates from 16 CTX-M-14-producing E. coli-positive samples collected from three 
domestic animal facilities and two wild weasels were classified into six (cluster A, B, C, D, E, and F) and seven pulsed-field gel 
electrophoresis (PFGE) profiles (UPGMA: 1.0% optimization and 1.0% band-filter tolerance). BC, beef cow; DC, dairy cow; CHL, 
chloramphenicol; CIP, ciprofloxacin; D, dog; DF1, dog facility 1; DF2, dog facility 2; GEN, gentamycin; KAN, kanamycin; NAL, 
nalidixic acid; MS, Mustela sibirica; TET, tetracycline. 

 



 
 

54 

 

 

 

Figure 2-4. Physical-mapping comparison of six CTX-M-14 plasmids by BLAST atlas analysis using p80DF1, p74DF1, p105CF, 
p130MS, and p116DF2 as query sequences against a reference sequence, p123DF2, showed closed similarity among the six plasmids, 
although p123DF1 had an insertion site. This figure was created with the GView Server after performing BLAST atlas analysis. 
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Figure 2-5. The difference in two regions located around (A) blaCTX-M-14 (7,334 bp) and (B) within the shufflon system plasmid 
conjugative transfer pilus tip adhesin PilV gene (PilV shufflon) (4,439 bp). 

(A) The genes around blaCTX-M-14 differed in terms of the whole/partial presence or absence of (i) a gene encoding IS1380 family 
transposase (IS1380), (ii) two genes encoding the PTS HPr component phosphorylation (HPr) protein and pyruvate formate lyase (PFL), 
and (iii) six genes encoding formate C-acetyltransferase, pyruvate formate lyase 2-activating enzyme, fructose-like phosphotransferase 
enzyme IIB component 3, putative DNA-binding transcriptional regulator, phosphoethanolamine transferase Cpt A, and 
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phosphoenolpyruvate carboxylase. All plasmids had an insertion-sequence element like the ISEcp9 family transposase upstream of 
blaCTX-M-14. They contained the whole IS element (identical to the sequence deposited under GenBank accession number AJ242809), 
except for p123DF2, which had a partial IS1380 sequence due to a 59-bp deletion within its IS1380 gene (nucleotide positions 1082 to 
1139 of AJ242809). Located next to blaCTX-M-14, four of the six plasmids had 483 nucleotides of the HPr gene, and the remaining two 
plasmids had 183 nucleotides (p116DF2) or 201 nucleotides (p123DF2) of the HPr gene. The 113-bp deletion within the HPr gene of 
these two plasmids disrupted the open reading frame (ORF) of the HPr gene in each case. At the location of the PFL gene, only p123DF2 
was disrupted with an insertion sequence (6,940 bp) comprising the six genes described. In addition, the p74DF1 plasmid had a 61-bp 
deletion within its PFL gene.  

(B) Annotation revealed that a gene encoding the PilV shufflon was present in all plasmids and a gene encoding shufflon segment D´ 
was present next to the PilV gene in p116DF2. Read-mapping analysis showed that all plasmids has an identical 1,090-bp sequence 
encoding the N-terminal portion of the PilV shufflon. In contrast, the C-terminal region encoded by the PilV gene was represented by 
shufflon segment A (p80DF1, p105CF, p74DF1) or A´ (p116DF2, p123DF2, p130MS). The inverse shufflon segments (A´ or A) were 
located next to the PilVA or PilVA´ genes. Only p74DF1 had a 271-bp insertion within the PilV gene, and its ORF was disrupted. 
BLASTn analysis and multiple-genome alignment using the Mauve program showed the following divergent patterns of shufflon-
segment compositions in the plasmids: p80DF1, segment A–segment C–segment D–segment B; p74DF1, A–C–B–D; p105CF, A–B–
D–C; p116DF2, A–B–D; p123DF2, A–D–C–B; p130MS, A–B–D–C. p80DF1 and p74DF1 were isolated from DF1 (dog facility 1); 
p105CF was isolated from the cattle facility; p130MS was isolated from Mustela sibirica; and p116DF2 and p123DF2 were isolated 
from DF2 (dog facility 2). 
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Figure 2-6. The close relatedness of the six whole-genome sequence plasmids in this study. (A) A phylogenetic network of six CTX-
M-14 plasmids and their highly similar sequences of related IncI1 plasmids was created with SplitsTree4 using HKY85 character, 
neighbor-joining distance, and equal-angle split transformations. (B) A phylogenetic network of six CTX-M-14 plasmids was created 
with SplitsTree4 using HKY85 character, neighbor-joining distance, and equal-angle split transformations. (C) A recombination 
network of six CTX-M-14 plasmids was created with SplitsTree4 using recombination-network character transformations. The blue 
line shows evidence of recombination. p80DF1 and p74DF1 were isolated from DF1 (dog facility 1), p105CF was isolated from the 
cattle facility, p116DF2 and p123DF2 were isolated from DF2 (dog facility 2), and p130MS was isolated from Mustela sibirica. 
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Figure 2-7. Genome mapping analysis of one of six CTX-M-14 plasmids studied (p80DF1 from dog facility 1) was performed by 
progressiveMauve program, which showed that it related to the blaCTX-M-8/IncI1 plasmid (a plasmid of an E. coli S11) in some genes 
(same color of segment). The genome mapping results showed some different sites between them that were some insertion sites (dense 
line) with in their pink and green segments. A few different sites between both plasmids were the genes around CTX-Ms genes. The 
flanked genes of blaCTX-M-8 of the plasmid of E. coli S11 were IS26 transposases while the genes around blaCTX-M-14 were not only IS1380 
transposase but also five genes encoding PTS HPr family phosphocarrier protein, fructose-like permease IIC and IIB component 2, 
pyruvate formate lyase protein and hypothetical protein. Additionally, the four genes of p80DF1 plasmid that located between pink and 
green segments were different from the plasmid of E. coli S11. Because these two plasmids had a different location of blaCTX-Ms, it 
could not suggest that these four genes might be located near the blaCTX-Ms although the blaCTX-M-8 of the plasmid of E. coli S11 was 
located between pink and green segments. The same color indicates similarity in the nucleotide sequences. The darkened color of each 
segment indicates the difference in nucleotides and the pale color indicates the similarity in nucleotides. The dense lines without any 
color signify nucleotide-insertion sites. The thin line without any color shows the difference in nucleotide sequences. 

blaCTX-M-8 

blaCTX-M-14 
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GENERAL CONCLUSION 

Epidemiological study on antimicrobial-resistant (AMR) bacteria provided an 

important information to establish control strategy of AMR bacteria in animals. The 

author carried out the study to clarify the transmission and persistence of cephalosporin-

resistant bacteria to animal farm and then release of AMR bacteria to the environments. 

The results obtained are as follows.  

1. A-day-old chicks brought CTX-M-25-producing K. pneumoniae and E. cloacae into 

a broiler farm. All CTX-M-25 plasmids from a-day-old chick isolates belong to the 

same Inc type (IncA/C).  

2. One year later, CTX-M-25-producing E. coli was isolated from 33-day-old broilers 

in this farm and its plasmid belonged to IncA/C of the plasmids. 

3. The CTX-M-25 plasmid detected in one year later was maximum identity against 

with CTX-M-25 plasmid detected in K. pneumoniae after calculated the average 

nucleotide identity and aligned nucleotide value.  

4. The two plasmids were not exactly identical because of a major difference in IS-

element insertion (1,261 bp).  

5. Wild animals carrying CTX-M-14-producing E. coli were captured in the Gifu 

University and then in the later year, the prevalence of CTX-M-14-producing E. coli 

was observed in the domestic animals reared on this campus.  

6. CTX-M-14-producing strain had a few or single PFGE profile(s) base on the animal 

facilities and AMR profiles.  
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7. CTX-M-14 plasmids belonged to IncI1 types with a narrow range of plasmids size 

(98.9–99.3 kb), except for a biggest plasmid (105.5 kb). A few differences among CTX-

M-14 plasmids were observed at the genes around blaCTX-M-14 and the location of 

shufflon genes.  

8. The relatedness of CTX-M-14 plasmids was observed among domestic and wild 

animals.  

The persistence of ESBL genes in animal farms is associated with not only the 

invasion of ESBL-producing bacteria, but also transfer of the plasmids. The relatedness 

of the plasmids and plasmid evolution suggested the plasmid transfer in this area. Thus, 

plasmid transmission and evolution are essential to maintain CTX-M type ESBL-

producing bacteria in the animals and environments. This thesis explains the process of 

distribution of CTX-Ms type ESBL-producing Enterobacteriaceae in animals and 

environments. These findings can contribute to improvement of the action plan for 

controlling the AMR bacteria in animals and environments.  
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ABSTRACT 

The control of antimicrobial-resistant (AMR) bacteria is a global issue of public 

and animal health. The distribution of third-generation cephalosporin (TGC)-resistant 

bacteria in humans, animals and the environment is worldwide. In Japan, as CTX-Ms 

type extended-spectrum β-lactamases (ESBL)-producing bacteria exhibiting TGC 

resistance is prevalent in food-producing animals and companion animals, its 

transmission from animal facilities to the environments included wild animals is of 

concerned. As CTX-M ESBL genes located on the plasmids transfer to other bacteria 

via conjugation, classification of the plasmids as well as bacteria genotyping is useful 

to clarify the epidemiology of plasmids carrying the same gene. Although classification 

of plasmid incompatibility (Inc) type is available, whole genome sequencing analysis 

of plasmids provides comparable information among plasmids genome and it is a 

powerful tool to reveal the evolution of plasmids. The aims of this study was to control 

the distribution of AMR bacteria in animals.  

The author clarified the intrusion and persistence of TGC-resistant bacteria in an 

animal farm in Chapter I. A-day-old chicks from 3 hatcheries were placed on bedding 

paper and brought to a commercial broiler farm between January and July 2016. Sixty-

six samples of the paper, which were stained with meconium droppings of the chicks, 

were collected and examined for isolation of cephalosporin-resistant 

Enterobacteriaceae. TGC-resistant Klebsiella pneumoniae (1 isolate) and Enterobacter 

cloacae (4 isolates) were isolated from 5 (7.6%) of the 66 samples, using deoxycholate 

hydrogen sulfide lactose (DHL) agar containing cephalexin (CEX) (50 µg/mL). All five 
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TGC-resistant isolates carried blaCTX-M-25. One year later (between July and August 

2017), the pool fecal samples collected from 23 broiler flocks were subjected to 

isolation of TGC-resistant bacteria using DHL agar containing CTX (32 µg/mL). CTX-

M-25-producing Escherichia coli was isolated from one sample (4.4%). Plasmid 

analysis revealed that the CTX-M-25/IncA/C plasmid of E. coli (166.8 kb) had a close 

similarity of nucleotide sequence of K. pneumoniae (166.3 kb) with the high percentage 

of average nucleotide identity and aligned nucleotides, but not two plasmids of 

Enterobacter cloacae (218.2 and 250.9 kb). A genome comparison between 2 plasmids 

of E. coli and K. pneumoniae showed a difference in the insertion site of IS elements. 

These results showed that the CTX-M-25 plasmid invaded the farm via 

Enterobacteriaceae in day-old chicks and the persistence of ESBL genes in animal farms 

is associated with not only the invasion of ESBL-producing bacteria, but also transfer 

of the plasmids. 

The wild animals (Siberian weasel, Mustela sibirica) carrying CTX-M-14-

producing bacteria had been captured in the Gifu University campus in 2015. To clarify 

the relatedness of the AMR plasmids among wild and domestic animals, the author 

firstly examined the prevalence of TGC-resistant bacteria in domestic animals reared in 

animal facilities in the university campus in 2016 and then characterized the TGC-

resistant bacteria and resistance plasmids in Chapter II. TGC-resistant strains were 

isolated on DHL agar containing CEX (50 µg/mL) or CTX (2 µg/mL) and were 

characterized by antimicrobial susceptibility testing, pulsed-field gel electrophoresis 

(PFGE), replicon typing, b-lactamase typing, and next-generation sequencing. CTX-M-

14- and CMY-2-producing strains were detected in the fecal samples. CTX-M-14 
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producers from domestic animals in dog facility 1 (DF1), dog facility 2 (DF2) and cattle 

facility and weasels were classified into six clusters, with seven PFGE profiles by the 

animal facility. All CTX-M-14 plasmids belonged to the IncI1 type. The size of all 

plasmids ranged from 98.9 kb to 99.3 kb, except for one plasmid that was 105.5 

kilobases in length. The phylogenic network analysis based on the neighbor-joining 

algorithm revealed that all CTX-M-14 plasmids had closely similar nucleotide 

sequences. The genome mapping analysis showed that all plasmids had difference in 

some nucleotides within some genes around blaCTX-M-14 and within shufflon gene. The 

recombination analysis revealed that plasmids prevailed in DF2 might have originated 

from those in DF1 and cattle facility. These results showed that the clonal spread of 

ESBL producers was observed in each animal facility but not between domestic and 

wild animals. In addition, the plasmid analysis showed the relatedness of the plasmids 

among domestic and wild animals on this university campus, suggesting the distribution 

of blaCTX-M-14 due to plasmid transfer in this area.  

This study explains the process of distribution of CTX-Ms type ESBL-producing 

Enterobacteriaceae in animals and environments. The plasmid transmission and 

evolution are essential to maintain CTX-M type ESBL-producing bacteria in animals 

and the environment. These findings can contribute to improvement of the action plan 

for controlling the AMR bacteria in animals and the environment.  
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