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CTX-M-2-producing Klebsiella oxytoca (K. oxytoca) has not received much attention in animal husbandry compared with Klebsiella pneumoniae (K. pneumoniae), a major reservoir of extended-spectrum β-lactamase (ESBL) genes. Bacteriological examinations of 1,466 mastitic milk samples between October 2012 and December 2014 were conducted. Ninety-five K. pneumoniae isolates (total prevalence: 6.5%) and 81 K. oxytoca isolates (total prevalence: 5.5%) were obtained. Seventeen K. pneumoniae isolates obtained from 15 animals reared on 11 farms and 9 K. oxytoca isolates obtained from 9 animals reared on the same farm were phenotypically confirmed to be ESBL producers. All nine ESBL-producing K. oxytoca isolates were obtained from one farm between June and November 2013 and related to a significantly (p < 0.05) higher monthly prevalence of mild mastitis (in June, August, September, October, and November 2013). Pulsed-field gel electrophoresis (PFGE) patterns of ESBL-producing K. pneumoniae isolates were distinguished from each other by more than 6-band differences except for two isolates from two animals, whereas all nine K. oxytoca isolates showed an identical PFGE pattern. Transferability of the blaCTX−M−2 gene was found in 14 K. pneumoniae and 9 K. oxytoca isolates by conjugation analysis. Of these isolates, the blaCTX−M−2 gene was detected on plasmids belonging to the incompatibility (Inc) groups P and N derived from five K. pneumoniae and nine K. oxytoca isolates, respectively, although the plasmids from the remaining nine K. pneumoniae were untypeable. All the transconjugants exhibited elevated minimum inhibitory concentrations of ampicillin, cefotaxime, and ceftiofur compared with those in the wild-type, recipient strain. Restriction fragment length polymorphism analysis demonstrated that the IncN plasmids extracted from eight of nine transconjugants, which received resistance against β-lactams from K. oxytoca, showed an identical DraI digestion pattern. These results suggest that the CTX-M-2-producing K. oxytoca strain with the above-mentioned characteristics may have clonally spread within a farm, whereas the blaCTX−M−2 gene in K. pneumoniae possibly disseminated among the farms through different plasmids. Thus, monitoring of ESBL genes, including the blaCTX−M−2 gene, among causative agents of bacterial mastitis in cows can help to develop relevant treatments and control practices.
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INTRODUCTION

Coliform bacteria are one of the major groups of pathogens associated with mastitis, with an estimated prevalence of 24.0–47.9%, 30.6–47.0%, and 15.0–43.0% in mild, moderate, and severe clinical mastitis, respectively (1–3). Intramammary infections of coliform bacteria are related to subclinical mastitis in approximately 60% of affected animals (4). Mastitis-associated coliform bacteria generally include Escherichia coli (E. coli), Klebsiella pneumoniae (K. pneumoniae), Klebsiella oxytoca (K. oxytoca), Enterobacter aerogenes, and Citrobacter, Serratia, and Proteus species (5). Klebsiella have been isolated from 11.3 to 35.1% of coliform mastitis compared with isolation of E. coli from 49.3 to 86.3% of coliform mastitis (5, 6). Of Klebsiella species, K. pneumoniae is frequently identified as a causative microbe with significant clinical impact because intramammary infections have a strong association with the occurrence of acute or peracute mastitis (5). Conversely, K. oxytoca is recognized as a minor coliform bacterium that is related to subclinical or occasionally mild mastitis, which is defined as the secretion of various forms of denatured milk but without any systemic signs (7). Furthermore, K. oxytoca comprises 10.7% of gram-negative bacteria isolated from subclinical or clinical mastitis compared with 17.0% for K. pneumoniae (7).

Coliform bacteria are well-known carriers of extended-spectrum β-lactamases (ESBLs), a group of enzymes that confer resistance to most cephalosporins. K. pneumoniae is one of the major carriers of the family of blaCTX−M genes (8). Various types of plasmid-derived ESBL genes such as blaCTX−M, blaSHV, and blaTEM genes have also been detected in K. oxytoca strains obtained from human patients and healthy persons (8). Within the blaCTX−M family, K. oxytoca strains carrying blaCTX−M−3, blaCTX−M−9, blaCTX−M−15, and blaCTX−M−35 genes have been isolated, but the blaCTX−M−2 gene has not yet been detected in human specimens (8–13). However, in Japanese dairy farms, blaCTX−M−2-carrying K. oxytoca strains have recently been sporadically detected in milk samples obtained from cows with mastitis (14). Unfortunately, the severity of mastitis is unknown in affected cattle, and the spread and outbreak of isolates within farms have not been investigated by genetic analysis (14). Genetic analysis could provide significant evidence to assist the epidemiology of mastitis-associated microbes based on genetic diversity (15).

The aim of the present study was (1) to investigate the prevalence of ESBL-producing K. pneumoniae and K. oxytoca in bovine mastitis, (2) to provide a molecular characterization of ESBL genes in such Klebsiella isolates, and (3) to elucidate the mode of intra-farm spread of ESBL-producing Klebsiella isolates.



MATERIALS AND METHODS


Milk Samples

The specimens were 1,466 milk samples obtained from 1,151 affected mammary glands of 831 mastitic cows from 37 dairy farms in the central region of Tottori Prefecture, Japan between October 2012 and December 2014. In the present report, milk samples from cows with recurrence of mastitis within a month were excluded from the analyses. Of 831 mastitic cows, 22 animals were involved in peracute mastitis [dead or culled at an average of 3.9 days (2–7 days) after milk sampling]. The remaining 809 animals were involved in mild mastitis characterized by secretion of various forms of denatured milk but without any systemic signs (7). Within a farm W, 440 milk samples were collected from 346 mammary glands of 211 mastitic cows during the same periods.



Bacterial Examinations

MacConkey-inositol-carbenicillin agar was used as a selective medium for the detection of Klebsiella species (16). Microbial identifications of isolated bacteria were performed using the VITEK-2 system (bioMérieux, St. Louis, MO, USA) (17). Identified K. pneumoniae and K. oxytoca strains were subsequently tested for drug susceptibility. Minimal inhibitory concentrations (MICs) were determined by the microdilution method using the Dry Plate Eiken (Eiken Chemical Co., Ltd, Tokyo, Japan) according to the Clinical and Laboratory Standards Institute (CLSI) standards (41, 42). Antimicrobial susceptibility tests included 19 drugs including ampicillin, piperacillin, cefazolin, cefotiam, cefmetazole, cefaclor, cefotaxime, cefpodoxime, ceftazidime, ceftriaxone, imipenem, meropenem, aztreonam, gentamicin, amikacin, minocycline, levofloxacin, fosfomycin, and sulfamethoxazole/trimethoprim. Isolates resistant to any cephalosporins were subjected to confirmation of ESBL production using the disc diffusion test described in section Detection and identification of β-lactamase genes. The isolates were stored in skimmed milk medium at −80°C until genetic analysis.



Detection and Identification of β-lactamase Genes

ESBL production was confirmed by the disc diffusion test for cefotaxime, ceftazidime, cefotaxime-clavulanate, or ceftazidime-clavulanate by following the CLSI guidelines. An ESBL-producing strain was defined as one that achieved a ≥5-mm increase in the zone diameter for any antimicrobial agent tested in combination with clavulanate vs. the zone obtained when tested alone.

Regarding ESBL-producing strains, blaCTX−M groups 1, 2, 8, 9, and 25, blaSHV, blaTEM, and blaIMP genes were detected by polymerase chain reaction (PCR) using specific primer sets as previously described (8, 18–20) (Supplementary Table 1). Full-length ESBL-related genes were amplified from strains that showed positive bands on PCR screening. Full-length genes were then sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit (Life Technologies Co., CA, USA) and 3130/3130xl Genetic Analyzers (Applied Biosystems, Inc., CA, USA).

Each fragment was analyzed using AGTC software 7.1.0 (Genetyx Co., Tokyo, Japan), and the obtained sequences were consulted with Basic Local Alignment Search Tool of the National Center for Biotechnology Information then determined each of the ESBL gene types.



Pulsed-Field Gel Electrophoresis Analysis

Pulsed-field gel electrophoresis (PFGE) analysis was performed to compare the XbaI digestion pattern of Klebsiella genomic DNA as previously described (21). Isolates analyzed were (1) ESBL-producing K. pneumoniae and K. oxytoca strains and (2) non-ESBL-producing K. oxytoca strains. Relatedness among isolates was compared using the method described by Tenover et al. (22). Briefly, a pattern difference of ≥7 bands indicated that strains were genetically different, a difference of 4–6 bands indicated strains were possibly related, and a difference of 1–3 bands indicated strains were closely related. When no difference was detected, the strains were deemed identical.



Transferability Test of β-lactamase Genes

The transferability of β-lactamase-related genes in ESBL-producing Klebsiella isolates was examined. E. coli ML1410 strain, which is resistant to nalidixic acid, was used as the recipient strain (21). Fifty microliters each of both donor and recipient overnight cultures were transferred into fresh nutrient broth and cultured for 24 h at 37°C. The co-culture was then spread onto a deoxycholate hydrogen sulfide lactose agar plate containing 50 μg/ml nalidixic acid and 50 μg/ml cefotaxime or 50 μg/ml nalidixic acid and 50 μg/ml ampicillin. Several colonies were then selected and analyzed by PCR and PFGE as described above to confirm that the colonies were transconjugants. MICs of ampicillin, cefotaxime, and ceftiofur for the donor, recipient, and transconjugant strains were determined according to the CLSI guidelines. E. coli ATCC 25922 was used as a quality control strain.



Plasmid Analysis

Plasmid extractions were performed using the Plasmid Mini Kit (QIAGEN, Hilden, Germany) by following the manufacturer's instructions. The replicon type of plasmids extracted from each transconjugant was determined by multiplex PCR using specific primer sets (23). To determine the region harboring ESBL-related genes and replicon type, Southern blot analysis was performed using the DIG DNA Labeling and Detection Kit (Roche, Basel, Switzerland) by following the manufacturer's instructions. Restriction fragment length polymorphism analysis of each extracted plasmid was performed using a DraI digest as previously described (20).



Statistical Analysis

Clinical data of mastitic cows were investigated, including the monthly prevalence of K. pneumoniae-induced and K. oxytoca-induced mastitis against total mastitis between October 2012 and December 2014. The monthly prevalence of K. oxytoca-induced mastitis in farm W was statistically compared with the total prevalence of mastitis in 37 farms (including farm W) in the central region of Tottori Prefecture using the chi-square test. P-values <0.05 were considered statistically significant.




RESULTS

K. oxytoca was isolated from 81 of 1,466 milk samples (total prevalence: 5.5%) obtained from 78 cows. All 78 animals were diagnosed with mild mastitis. K. pneumoniae was isolated in 97 of 1,466 milk samples (total prevalence: 6.5%) obtained from 91 cows. Of 91 animals, 8 animals were involved in peracute mastitis, and 83 animals were diagnosed with mild mastitis (Supplementary Table 2). K. oxytoca and K. pneumoniae were isolated in all seasons, with a higher prevalence recorded in the summer. Within farm W, the prevalence rates were 10.9% K. oxytoca and 3.8% K. pneumoniae (48 and 17 of 440 milk samples, respectively). Monthly prevalence rates of ≥20% in K. oxytoca-induced mastitis were recorded in April (22.2%), August (20.0%), September (20.0%), October (25.0%), and November (21.1%) of 2013 and January (28.6%) and July (22.2%) of 2014 (Figure 1). These rates were significantly (p < 0.05) higher than the total prevalence of 5.3% in Tottori Prefecture farms. In addition, the prevalence in June 2013 (16.7%) was significantly (p < 0.05) higher than the total prevalence. No significant differences were found in the monthly prevalence against the total prevalence in farm W.


[image: Figure 1]
FIGURE 1. Monthly prevalence of mild mastitis cases and Klebsiella oxytoca-induced mastitis in farm W between October 2012 and December 2014. The monthly prevalence of Klebsiella oxytoca-induced mastitis is recorded as ≥20% in April, August, September, October, and November 2013, and January and July 2014. White bars and gray bars show the numbers of mastitic cases, and numbers of Klebsiella oxytoca-induced mastitic cases, respectively. Black bars show the numbers of cases caused by cephalosporin-resistant Klebsiella oxytoca strains.


Seventy-three ampicillin-resistant K. pneumoniae isolates accounts for 76.8% of the total of 95 isolates, followed by cefaclor- (27; 28.4%), cefazolin- (26; 27.4%), and cefpodoxime- (26; 27.4%) resistant isolates (Table 1). Fifty-one ampicillin-resistant K. oxytoca isolates accounted for 63.0% of the total of 81 isolates, followed by cefaclor- (11 isolates; 13.6%), cefmetazole- (9; 11.1%), and cefazolin- (8; 9.9%) resistant isolates. Prevalence rates of gentamicin-, amikacin-, minocycline-, fosfomycin-, and sulfamethoxazole/trimethoprim-resistant isolates were <5% in both species. No isolates were resistant to imipenem, meropenem, or levofloxacin.


Table 1. Proportion (%) and number of drug-resistant isolates of Klebsiella pneumoniae and Klebsiella oxytoca.
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Seventeen K. pneumoniae isolates obtained from 15 animals reared on 11 farms and 9 K. oxytoca isolates obtained from 9 animals reared on the same farm exhibited the ESBL-producing phenotype (Tables 1, 2). The rates of ESBL-producing Klebsiella isolates resistant to second- and third-generation cephalosporins and aztreonam varied among the species (Supplementary Table 3). Two K. pneumoniae isolates (Kp85 and Kp92) were obtained from milk samples from different mammary glands of the same cow at the same time, and the other two K. pneumoniae isolates (Kp116 and Kp118) were obtained from milk samples of the same cow at different times. All 26 ESBL-producing Klebsiella isolates had the blaCTX−M−2 gene. Strain Kp116 (from farm S) additionally had the blaSHV−27 gene (Table 2). Furthermore, non-ESBL-related genes blaTEM−1, blaSHV−11, and blaSHV−61 were detected in six strains (Kp47 from farm K, Kp92 from farm T, and Kp116, Kp118, Kp119 and Kp122 from farm S), four strains (Kp118, Kp119 and Kp122 from farm S, and Kp126 from farm J), and one strain (Kp114 from farm T) of K. pneumoniae, respectively.


Table 2. Genetic analysis of ESBL-producing Klebsiella pneumoniae (KP; Kp) and Klebsiella oxytoca (KO; Ko) isolated from mastitic milk samples in dairy farms.
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All nine ESBL-producing K. oxytoca strains were isolated from mastitic milk samples obtained between June and November 2013 from farm W and showed an identical PFGE pattern (Figure 2). Among the 17 ESBL-producing K. pneumoniae strains, two strains (Kp119 and Kp122) from two different animals reared on farm S showed an identical PFGE pattern, whereas the remaining strains were distinguished from one another by a pattern difference of ≥7 bands. The PFGE patterns of the 16 non-ESBL-producing K. oxytoca strains isolated from W farm between October 2012 and December 2014 were not identical to those of ESBL-producing K. oxytoca strains from this farm (Figures 2, 3). In addition, the PFGE patterns of the above 16 non-ESBL-producing K. oxytoca strains were distinguished from one another by a pattern difference of ≥7 bands (Figure 3).
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FIGURE 2. Pulsed-field gel electrophoresis (PFGE) patterns of XbaI-digested genomic DNA of ESBL-producing K. pneumoniae and ESBL-producing K. oxytoca. Lanes: 38, strain Ko38; 57, strain Ko57; 61, strain Ko61; 95, strain Ko95; 99, strain Ko99; 105, strain Ko105; 107, strain Ko107; 115, strain Ko115; 117, strain Ko117; 2, strain Kp2; 23, strain Kp23; 24, strain Kp24; 47, strain Kp47; 54, strain Kp54; 73, strain Kp73; 85, strain Kp85; 92, strain Kp92; 113, strain Kp113; 114, strain Kp114; 98, strain Kp98; 104, strain Kp104; 116, strain Kp116; 118, strain Kp118; 119, strain Kp119; 122, strain Kp122; 126, strain Kp126; M, lambda DNA. Letters above the lanes represent the name of farms from which the strain was isolated.
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FIGURE 3. Pulsed-field gel electrophoresis (PFGE) patterns of XbaI-digested genomic DNA of ESBL-producer and non-producer K. oxytoca strains from farm W. Lanes: 38, strain Ko38; 95, strain Ko95; 158, strain Ko158; 159, strain Ko159; 160, strain Ko160; 161, strain Ko161; 162, strain Ko162; 163, strain Ko163; 164, strain Ko164; 165, strain Ko165; 166, strain Ko166; 167, strain Ko167; 168, strain Ko168; 169, strain Ko169; 170, strain Ko170; 171, strain Ko171; 172, strain Ko172; M, lambda DNA.


Fourteen of 17 ESBL-producing K. pneumoniae strains and all nine K. oxytoca strains transmitted the blaCTX−M−2 gene to the recipient strain (Table 2). The blaTEM−1 gene was also detected in six transconjugants. Plasmids detected in five transconjugants belonged to the IncP group. Three of these five donor K. pneumoniae strains were isolated from three animals reared on three different farms (farms D, T, and Y) and possessed both blaCTX−M−2 and blaTEM−1 genes. Although the remaining two strains isolated from two animals on farm S possessed the blaCTX−M−2, blaTEM−1, and blaSHV−11 genes, only blaCTX−M−2 and blaTEM−1 genes were transmitted to the transconjugant. The Inc groups of resistance plasmids derived from nine K. pneumoniae strains from seven farms (farms H, A, K, M, T, R, and S) were unidentified.

The blaCTX−M−2 gene was confirmed to be plasmid borne in the nine ESBL-producing K. oxytoca strains as shown by Southern blot analysis using a blaCTX−M−2-specific probe (Supplementary Figure 1). These plasmids belonged to the IncN family (Table 2). Restriction fragment length polymorphism analysis showed that the plasmids had an identical DraI digestion pattern in eight of nine transconjugant strains (Figure 4). MICs of β-lactams (ampicillin, cefotaxime, and ceftiofur) for nine transconjugants were increased compared with those for recipient E. coli (≥128, ≥64, and ≥32 times, respectively) (Table 3).
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FIGURE 4. Restriction fragment length polymorphism patterns of DraI-digested plasmids of nine transconjugants received from donor strains of extended-spectrum β-lactamase (ESBL)-producing K. oxytoca. Lanes 38, 57, 61, 95, 99, 105, 107, 115, and 117: transconjugants received plasmids from strains Ko38, Ko57, Ko61, Ko95, Ko99, Ko105, Ko107, Ko115, and Ko117, respectively; lane M: molecular size standards. Asterisks represent identical restriction patterns.



Table 3. Minimal inhibitory concentrations (μg/mL) of β-lactams for donor (Klebsiella oxytoca; Ko) and transconjugant strains.
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DISCUSSION

In the present report, higher monthly incidences of mild mastitis in farm W were strongly correlated with the isolation of cephalosporin-resistant K. oxytoca from April to November 2013, despite there being no prevalence in May 2013. In a previous report, K. oxytoca accounted for 10.7% of Gram-negative bacteria isolated from clinical samples of bovine subclinical and clinical mastitis in Egypt (7). Bacterial examinations of 1,466 mastitic milk samples obtained from Tottori prefectural farms showed that the isolated proportion of K. oxytoca was approximately 5.5%. Within farm W, the value was 10.9% (48 of 440 mastitic milk samples). The high prevalence in farm W was associated with the elevated prevalence between April and November 2013.

Resistance phenotypes observed in ESBL-producing Klebsiella isolates studied were similar to those found in CTX-M-2-producing Enterobacteriaceae (14, 20). In this study, several non-ESBL producing Klebsiella isolates were susceptible to ampicillin. Klebsiella generally have class A chromosomal β-lactamases and the isolates that lack the enzymes are rare (24). Therefore, the rate of ampicillin-susceptible isolates among non-ESBL producers in this study may be relatively high.

Nine blaCTX−M−2-bearing K. oxytoca isolates from farm W showed an identical PFGE pattern and carried IncN plasmids. This indicated that the strain with this profile caused mild mastitis and had clonally spread in this farm. The intra-farm spread of one strain via a contaminated milking machine was suggested as the possible cause of the clonal spread of K. pneumoniae (25). The source for nosocomial infections due to a certain K. oxytoca strain was contaminated materials such as parenteral solution and multidose vials, and medical equipments such as humidifiers, ventilators, wastewater drainage systems, and handwashing sinks (26–28). In human medicine, infection control can prevent a subsequent outbreak based on genetic analysis of nosocomial infections (29, 30). The utilization of genetic procedures is also applicable to reduce the prevalence of Klebsiella mastitis within dairy farms.

On the contrary, multiple strains of blaCTX−M−2-carrying K. pneumoniae strains caused mastitis, because only two of 17 K. pneumoniae strains (Kp119 and Kp122) showed an identical PFGE pattern in farm (25) reported additional cases of mastitis caused by K. pneumoniae showing multiple random amplified polymorphic DNA types in another farm. This indicated opportunistic infections originating from the environments (25). Another report using the PFGE analysis indicated that multiple types of K. pneumoniae strains were present in used sawdust beddings and the feces of the kept cows within each farm (31). Sawdust, the major bedding material in Japan, is the major habitat of Klebsiella species, especially K. pneumoniae; K. oxytoca is predominantly isolated in soil, compared with the bedding materials (31, 32). In addition, antibiotics have been frequently used to treat K. pneumoniae-causing clinical mastitis with systemic signs during this period; the use of antibiotics was always unplanned and without selection of the types of antibiotics based on results of susceptibility tests for the causative bacteria. Such improper uses of antibiotics might have favored the survival of blaCTX−M−2-carrying K. pneumoniae. ESBL-producing K. pneumoniae strains with different PFGE patterns originated from three farms harbored IncP plasmids carrying blaCTX−M−2, suggesting that the IncP plasmids were the plausible vector of the blaCTX−M−2 gene. It has previously been reported that plasmids with groups IncP (33) and IncN (34) carried the blaCTX−M−2 gene.

Multidrug-resistant K. oxytoca in humans have previously carried four types of blaCTX−M genes: blaCTX−M−3 in Poland (9), blaCTX−M−9 in England and Brazil (10, 11), and blaCTX−M−15 in China and Kuwait (12, 13). A CTX-M-35-producing K. oxytoca strain was isolated, although the source was unknown (8). To our knowledge, blaCTX−M−2-carrying K. oxytoca strains have not yet been isolated in humans.

In Japan, blaCTX−M−2 was first detected in K. pneumoniae in 1998–2000 (35). However, the first detection in 1993 of the Toho-1 gene belonging to the CTX-M-2 group indicates the earlier invasion of the CTX-M-2 group before the 1990s in Japan (36). Recently, CTX-M-2 β-lactamase producers have been predominantly isolated from patients who had neither received antimicrobial drugs nor been hospitalized. Thus, CTX-M-2 β-lactamase producers may continue to be spread by healthy carriers in Japan (8). This observation indicates that CTX-M-2 β-lactamase-producing bacteria may already exist throughout Japan (8). In Japanese dairy farms, ESBL-producing K. pneumoniae strains isolated from mastitic milk have predominantly carried the blaCTX−M−2 gene (14, 20). Dairy farms in Japan may be situated in conditions in which K. oxytoca can easily obtain the blaCTX−M−2 gene via intra-bacterial transfer. Unfortunately, the present data could not show etiological evidence of intra-bacterial transfer between K. oxytoca and K. pneumoniae strains, because blaCTX−M−2-carrying K. pneumoniae was not detected in farm W during the examination period. Within the region of interest in the present report, multiple replicon types of plasmids were found among ESBL-producing K. oxytoca (IncN) and K. pneumoniae strains (IncP or untypeable). Notably, the present genetic analysis suggested that a clonal spread of blaCTX−M−2-carrying K. oxytoca occurred within the same farm and demonstrated the transferability of the blaCTX−M−2 gene from such K. oxytoca strains to other bacteria. Thus, K. oxytoca should be carefully monitored as a carrier of ESBL genes, including the blaCTX−M−2 gene, in bovine mastitis. That is, K. oxytoca may act as an unnoticed carrier of ESBL genes within dairy farms.

Further spread of blaCTX−M−2-carrying K. oxytoca in dairy farms may become a great threat for “One Health” (37). There have been previous reports about livestock-to-human transmission of multidrug-resistant bacteria such as the high isolation proportion of methicillin-resistant Staphylococcus aureus in European livestock workers (38), and transmission of CMY-2-producing Salmonella from cattle breeding in a neighboring farm to a child (39). In addition, poor hygienic practices may allow the transfer of β-lactam-resistant bacteria to humans through infected foods including dairy and meat products; K. oxytoca was isolated in 4% of raw chicken meat in Egypt (40). Therefore, CTX-M-2 producers might have originated in livestock because many carriers were healthy people and patients who had neither received antimicrobial drugs nor been hospitalized in Japan (37). Thus, routine and continuous monitoring of K. oxytoca-induced mastitis in bovines is important from the viewpoint of public health, regardless of the severity of clinical signs.

In conclusion, 81 K. oxytoca and 95 K. paneumoniae isolates were obtained from 1,466 mastitis milk samples in 27 farms in Japan. Among these, 26 isolates produced ESBLs (17 K. pneumoniae and 9 K. oxytoca) and carried the blaCTX−M−2 and blaSHV−27 genes. PFGE patterns of ESBL-producing K. pneumoniae isolates were distinguished from each other except for two isolates from two animals, whereas all nine K. oxytoca isolates showed an identical PFGE pattern. The transferability of the blaCTX−M−2 gene has been found in the majority of ESBL-producing strains. Plasmids in transconjugants, which were transmitted from ESBL-producing K. oxytoca strains, carried the blaCTX−M−2 gene, belonged to IncN, and showed an identical DraI-digested pattern. blaCTX−M−2-carrying K. pneumoniae strains had IncP plasmids and untypeable ones. These results suggest that the CTX-M-2-producing K. oxytoca strain may have clonally spread within a farm, whereas the blaCTX−M−2 gene in K. pneumoniae possibly disseminated through different plasmids. Thus, monitoring of ESBL genes, including the blaCTX−M−2 gene, among causative agents of bacterial mastitis in cows can help better control the spread of infection between animals and provide adequate treatment.
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Transconjugants are derived from a recipient strain E. coli ML1410 and received resistance from donor strains.
Minimum inhibitory concentrations of ampicillin, cefotaxime, and ceftiofur for E. coli ML1410 were 2, <0.13, and 0.5 ug/ml, respectively.
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