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A nationwide surveillance for antimicrobial susceptibility in Escherichia coli strains isolated from food-
producing animals in Japan was conducted from 1999 io 2002. Eighteen cefazolin-resistant E. coli strains were
isolated from broilers. Six were CTX-M-type producing, and eight were CMY-2 producing, while eight had

muiations at the ampC promoter region.

Recently, the relationship between the use of antimicrobials
in food-producing animals and the emergence of resistant bac-
teria in the food chain has become of great concern and has
been the subject of numerous international meetings (6, 11,
12). However, until recently there was a lack of nationwide
information available on antimicrobial resistance of bacteria
isolated from animal origins. Consequently, we established the
Japanese Veterinary Antimicrobial Resistance Monitoring
program in 1999 (9).

In Japan, CTX-M-type extended-spectrum-p-lactamase
(ESBL)-producing Enterobacteriaceae are important in noso-
comial infections. Yagi et al. reported that Toho-1-like ESBLs
were the most prevalent type of ESBL in clinical isolates of
Escherichia coli (13, 14). The aim of this study was to charac-
terize cephalosporin-resistant E. coli strains recovered from
healthy animals and especially to-investigate isolates resistant
to ceftiofur, an expanded-spectrum cephalosporin used in an-
imals.

Fresh fecal samples were collected from healthy farm ani-
mals. In principle, one fecal sample per farm was collected and
two E. coli isolates from each sample were kept using desoxy-
cholate-hydrogen sulfate-lactose agar. Overall, a total of 2,747
isolates (872 isolates from 453 caitle farms, 793 isolates from
417 pig farms, 406 isolates from 219 layer farms, and 676
isolates from 354 broiler farms) were collected during 4 years
(1999 to 2002).

MICs were determined by the agar dilution method (4, 5).
The cefazolin MIC for 18 isolates from 12 broiler farms was
=32 pg/ml, and these isolates were further investigated in this
study. The MICs of 19 antibiotics for the 18 cefazolin-resistant

* Corresponding author. Mailing address: National Veterinary As-
say Laboratory, Ministry of Agriculture, Forestry and Fisheries, 1-15-1
Tokura, Kokubunji, Tokyo 185-8511, Japan. Phone: 81-42-321-1841.
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+ Present address: School of Veterinary Medicine, Rakuno Gakuen
University, 582 Bunkyoudai-Midorimachi, Ebetsu, Hokkaido 069-8501,
Japan.
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isolates are shown in Table 1. The resistance profiles of isolates
collected from the same farm were always identical to each
other, suggesting that those isolates were likely replicates. Six
isolates from four farms were also resistant to ceftiofur, cef-
podoxime, cefotaxime, and cefepime while retaining suscepti-
bility to cefoxitin. A double-disk synergy test for detection of
ESBLs, carried out as described previously (3), revealed syn-
ergy between clavulanate and cefotaxime, ceftadizime, cefpo-
doxime, or aztreonam disks (Nissui Pharmaceutical, Co., Ltd,
Tokyo, Japan) with these six isolates, suggesting production of
an ESBL (Table 2). The remaining 12 isolates exhibited in-
creased cefoxitin MICs while retaining very low cefepime
MICs, suggesting the production of a class C B-lactamase.
Double-disk synergy testing yielded negative results with these
isolates (Table 2).

Detection of several B-lactamase genes, including blapgy,,
blagyyy, blapsg.1, blacrsmzs blacrx.mo blacvy.1 blacvy 2
and blapgyx, and amplification of the promoter region of the
ampC gene were carried out by PCR (94°C for 3 min; 30 cycles
of amplification at 94°C for 30 s, 60°C for 30 s, and 72°C for 1
min; and 72°C for 7 min) using primers listed in Table 3.
Nucleotide sequences were determined on both strands, di-
rectly on PCR products. The DNA alignments and deduced
amino acid sequences were examined using the BLAST pro-
gram (1). Mutations in the ampC promoter region were de-
fined in comparison with E. coli K-12 strain LAS (7).

The results of B-lactamase gene detection and analysis of the
ampC promoter region in the cefazolin-resistant isolates are
reported in Table 2. Acquired B-lactamase genes were de-
tected in most isolates. CTX-M-2 or CTX-M-18 B-lactamase
genes were detected in the six ceftiofur-resistant isolates, in
agreement with the resistance phenotype. The four CTX-M-
2-producing E. coli strains were isolated from three different
farms (farm F is 500 km away from farm G and 400 km away
from farm K; farm G is 100 km away from farm K) in different
years. A CMY-2 B-lactamase gene, alone or in combination
with blapga., or blapse 4, was detected in eight of the other
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TABLE 2. Phenotypes and B-lactamase genotypes of 18 cefazolin-resistant E. coli field isolates

Double-disk
synergy test
result

Isolate(s) Farm

bla gene(s) detected

Mutation(s) at ampC
promoter region

Frequency of cefazolin
resistance transfer

—18, —1, and +58

No mutation

No mutation

—42, —18, —1, and +58
~18, ~1, and +58

No mutation

No mutation

No mutation

—42, —18, —1, and +58
—42, —18, —1, and +58
No mutation

1.0 x 1078

1.5 X 107426 X 1074
35 % 1073

Not transferred

32 X 107%43 x 107*
1.5 X 107%-4.7 x 1073
2.2 x 107

89 X 1073

Not transferred

Not transferred

2.6 X 107°

11-C-217 and 11-C-218 A - blacyy2

12-C-015 and 12-C-016 B - blag., and blacyy
12-C-129 C - blacyy.a

12-C-139 D - blatgma

12-C-140 and 12-C-141 E - blacyry2

13-C-005 and 13-C-006 F + blacrx o

13-C-033 G + blacrx vz

13-C-034 H - blapgg., and blacyy.
13-C-073 1 - Not detected
13-C-099 and 13-C-100 J - blayga.a

14-C-020 K + blacrxma

14-C-079 and 14-C-080 L + blacrxm-18

No mutation 3.7 X 107443 x 107°

isolates, in agreement with the resistance phenotype. In the
remaining four isolates, either a blaygy, 4 gene or none of the
acquired B-lactamase genes searched in this work was de-
tected. In these isolates, however, mutations at positions —42
(C—T), —18 (G—A), —1 (C—T), and +58 (C—T) were de-
tected. Though we did not perform enzyme expression exper-
iments, mutations at these points could be associated with
AmpC hyperproduction (2) and thus explain the resistance
phenotype.

Conjugation experiments weré carried out as described pre-
viously (15) using a rifampin-resistant mutant of E. coli
INVoE’ (Invitrogen Corp. Carlsbad, CA) generated in our
laboratory. Transconjugants were sclected on LB agar (Difco
Laboratories, Detroit, MI) containing rifampin (50 pg/ml) and
cefazolin (50 pg/ml). Cefazolin-resistant transconjugants were
obtained from 14 isolates, including those producing CTX-M-

type and CMY-2 enzymes. Resistance profiles of the transcon-
jugants were consistent with transfer of a CTX-M-type or
CMY-2 p-lactamase gene, respectively (Table 4). The presence
of the respective B-lactamase genes was confirmed in all
transconjugants by PCR analysis with primers encoding
CTX-M types or CMY-2. The transfer of resistance traits to
non-B-lactam agents was also observed in most cases (Table 4),
suggesting that additional resistance genes were cotransferable
with the B-lactamase genes.

Plasmid restriction profiles of the six CTX-M-producing
transconjugants are shown in Fig. 1. Restriction profiles of
plasmids carrying the same type of blacrx M gene were iden-
tical or similar to each other, suggesting a common origin. On
the other hand, restriction profiles of plasmids carrying differ-
ent types of CTX-M determinants were remarkably different
from each other.

TABLE 3. Primers used for PCR and DNA sequencing

Target Nucleotide sequence (5 — 3') Accrcla(s)sion Positions
blajgm ATGAGTATTCAACATTTTCG AB194682 215-234
TTACCAATGCTTAATCAGTG 1075-1066
blagiry ATGCGTTATATTCGCCIGTG AF148850 6-25
TTAGCGTTGCCAGTGCTCGA 866-847
blapge.4 ATGCTTTTATATAAAATGTG AB126603 150-169
TCAGCGCGACTGTGATGTAT 1064-1045
blacrxnz ATGATGACTCAGAGCATTCG AY750915 1-20
TCAGAAACCGTGGGTTACGA 876-857
blacrx.am ATGGTGACAAAGAGAGTGCAACGG AJ416345 132-155
TCACAGCCCTTCGGCGATGATTCT 1007-984
blacyvy-1 ATGCAACAACGACAATCCATCCTG X92508 333-356
TCAACCGGCCAACTGCGCCAGGAT 1481-1458
blacny-2 ATGATGAAAAAATCGTTATGCT X91840 1924-1945
TTATTGCAGCTTTTCAAGAATGCG 3069-3046
blagox ATGCAACAACGACGTGCGTTCGCG X77455 701-724
TCACTCGGCCAACTGACTCAGGAT 1849-1826
blagap-ampc ATGATTAATCCAAATCCAAAGCGT U14003 70194-70171

CAAATGTGGAGCAAGAGGCGGTAA

69718-69741
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FIG. 1. Restriction profiles of plasmids from CTX-M-producing transconjugants digested with Clal (A), EcoRI (B), and Sphl (C). The plasmids
shown in lanes 1 (plasmid pC5-4; 65.1 kbp), 2 (pC6-8; 68.1 kbp), 3 (pC33-13; 66.8 kbp), 4 (pC20-5; 67.4 kbp), and 5 and 6 (pC79-6 and pCB0-12;
97.3 kbp) were derived from field isolates 13-C-005, 13-C-006, 13-C-033, 14-C-020, 14-C-079, and 14-C-080, respectively. M1 and M2, lambda DNA
digested with HindIIT marker and 1-kb DNA ladder marker, respectively (Takara Bio Inc., Shiga, Japan).

In our survey, cefazolin-resistant E. coli strains were isolated
only from broilers. In Japan, six cephalosporins are approved
for parenteral use, but in cattle and pigs only. Some reports
discuss the relationship between the use of ceftiofur and the
appearance of resistant strains in cattle and/or pigs (8, 10).
However, our results suggest that the use of the expanded-
spectrum cephalosporins in healthy animals at the farm level
does not directly influence the appearance of resistant strains.
For some reason, ESBL-producing E. coli strains were only
isolated from broilers and not layers, which suggests there
might be some other factor, possibly in their specific environ-
ment, that introduces the plasmids encoding CTX-M-type ES-
BLs into E. coli during the husbandry of broilers.

In conclusion, we report on the emergence of extended-
spectrum class A and class C B-lactamases in E. coli strains
from healthy broilers. Even if at present there is a low level of
isolation in food-producing animals, it is necessary to monitor
the spread of expanded-spectrum cephalosporin-resistant bac-
teria and further research including animals and humans and
their environments should be carried out.

We thank the staff of the Livestock Hygiene Service Centers across
Japan for sampling, collection of drug usage data of individual animals,
and isolation and identification of E. coli strains and K. S. Thomson,
Creighton University School of Medicine, for useful advice.
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In 2002, 495 indole-positive proteae strains were isolated from patients at 60 hospitals in Japan.
Nine indole-positive proteae strains had reduced susceptibility to imipenem (MIC = 8 ug mi~") and
were identified as Providencia rettgeri by BD Phoenix. Eight of the nine Prov. rettgeri isolates were

confirmed as metallo-B-lactamase producers by the double-disc synergy test. All the metallo-8-
lactamases were classified as IMP-1 by PCR and DNA sequence analysis. These blajyp.1 genes
were encoded in the integron structure on conjugative plasmids. These plasmids could transfer from
Prov. rettgeri clinical isolates to Escherichia coli ML4903 at a frequency between 1-5 X 10~ and
5.5 X 1077, The eight blayp-positive strains were isolated from two hospitals, and showed two
different PFGE patterns, two different integron structures and two different incompatibility groups,
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which corresponded to the two hospitals. These results strongly suggest the possibility of
nosocomial infections by blap.1-producing Prov. rettgeri isolates.

INTRODUCTION

Proteae are normal inhabitants of the gut of animals
including humans and are also found in the environment.
Proteae were ranked as the fourth and fifth leading cause of
urinary-tract infections in Europe and North America,
respectively, in 1997 (Jones et al., 1999; Fluit et al., 2000).
Normally, Proteus mirabilis, as the only indole-negative
proteus, has a high susceptibility to antibiotics except for
nitrofurantoin. Indole-positive proteae, such as Proteus
vulgaris, Proteus penneri, Providencia alcalifaciens, Providen-
cia rettgeri, Providencia stuartii and Morganella morganii, are
susceptible to expanded -spectrum cephalosporins, cefoxitin,
cefepime, aztreonam, imipenem and arnmoglycosxdes (Mur-
ray et al., 2003).

Nosocomial infections caused by extended-spectrum
B-lactamase (ESBL)-producing indole-positive proteae have
been reported (Ma et al., 2002; Pagani et al., 2003; Tumbar-
eflo et al., 2004) in which the strains were resistant to most
B-lactams including expanded-spectrum cephalosporins.
ESBL-producing Providencia species and Prot. vulgaris that
produced CTX-M-type or SHV-type enzymes remained
susceptible to carbapenems including imipenem. Tumbar-
ello et al. (2004) described ESBL-producing multidrug-

Abbreviations: DDST, double-disc synergy test; ESBL, extended-
spectrum f-lactamase; MBL, metallo-B-lactamase.

resistant Prov. stuartii. The strains were resistant to penicil-
lins, cephalosporins, aminoglycosides and fluoroquinolones,
but were susceptible to imipenem.

Shibata et al. (2003) reported metallo-3-lactamase (MBL)-
producing Prov. rettgeri and M. morganii that produced the
IMP-1 enzyme. In the case of IMP-1-producing Pseudomo-

. nas aeruginosa and Serratia marcescens, the strains showed

resistance to carbapenems such as imipenem, meropenem,
panipenem, biapenem and doripenem; however, the results
of drug susceptibility testing were not described. IMP-1
producers have no susceptibility to any B-lactams except for
aztreonam. The genes that encode these MBLs are located in
an integron structure on a plasmid (Arakawa et al., 1995). An
integron is one of the genetic elements capable of integrating
gene cassettes by a site-specific recombination mechanism
(Fluit & Schmitz, 2004). Therefore, horizontal spread of
these resistance determinants can be anticipated.

In 2002, we conducted a surveillance programme involving
60 hospitals that were widely distributed geographlcally
throughout Japan. The aim of the study was to gain a detailed
understanding of fB-lactam antibiotic susceptibility data
(Ishii et al., 2005). Of 495 indole-positive proteae isolates,
nine, from two hospitals, showed reduced susceptibility to
imipenem (MIC = 8 Hg ml™'). The aim of this study was
to characterize the imipenem-resistance mechanism(s) and
to investigate the possible clonal origins of the isolates.

&
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METHODS

Bacterial strains. In 2002 a total of 495 single strains of indole-positive
proteae were isolated from patients at 60 hospitals in Japan that were
widely distributed geographically (Ishii et al., 2005). Each participating
laboratory performed its own identification tests. The species and
number of isolated strains are listed in Table 1. Sources of the specimens
isolated are described in Table 2.

Antimicrobial susceptibility testing. Susceptibility testing of each
isolate was performed by Etest strip (AB Biodisk) following the
manufacturer’s instruction manual. All clinical laboratories used Etest
strips with the same lot number. The non-susceptible break point of
indole-positive proteae against imipenem (MIC = 8 ug ml~!) was
based on that defined by the Clinical and Laboratory Standards
Institute, formerly known as the National Committee for Clinical
Laboratory Standards (NCCLS). Quality control of Etest strips was
performed using the following reference strains: Staphylococcus aureus
ATCC 21293, Escherichia coli ATCC 25922 and Ps. aeruginosa ATCC
27853, In addition, identification and susceptibility of all isolates
collected were re-evaluated at the Department of Microbiology and
Infectious Diseases, Toho University School of Medicine using the BD
Phoenix system (Becton Dickinson).

Screening of ML producers. Strains selected by the criteria described
above were subjected to a screening test for MBL production by using the
double-disc synergy test (DDST) reported by Arakawa et al. (2000). The
test was performed by placing a SMA (sodium mercaprotoacetic acid)
disc containing 3 mg sodium mercaptoacetic acid (Eiken) and two
commercially supplied Kirby—Bauer (KB) discs, each containing 30 g
ceftazidime or 10 pgimipenem (Eiken), on Mueller—Hinton agar plates.
The distance between the two ceftazidime and imipenem discs was kept
at about 3 cm, and the SMA disc was placed near one of the discs with a

Table 1. Species of indole-positive proteae collected

Species* No. (%) of isolates
Morganella morganii 272 (54-9)
Proteus vulgaris 127 (25:7)
Providencia rettgeri 62 (12'5)
Providencia stuartii 7 (1-4)
Unspeciatedt 27 (5'5)
Total 495 (100)

*These results were reported by each hospital.
+Reported only as Proteus spp. by each hospital.

Table 2. Details of clinical specimens of indole-positive proteae

Source No. (%) of isolates
Urinary tract 213 (43-0)
Gastrointestinal tract 76 (15-4)
Respiratory tract
Upper 14 (2-8)
Lower 40 (8-1)
Skin 23 (4:7)
Blood 17 (3-4)
Other 112 (22:6)
Total 495 (100)

centre-to-centre distance of 1-5-2-0 cm. The plates were then incubated
at 35 °C for 16— 18 h. If the inhibition zone around the disc nearer to the
SMA disc was bigger by more than 5 mm than that of ceftazidime or
imipenem alone, the strain was considered to be an MPL producer.

PCR and sequencing of MpL genes. The ML gene cassettes and
integrons were detected by a PCR method using previously described
specific primer sets for blanp, blavim, blaspm, intl1, intI2and intI3 (Table
3). Template DNA from original strains and their transconjugants was
used. PCRwas performed ina GeneAmp PCR systern 2400 thermal cycler
(Applied Biosystem). The thermocycle protocol used was: an initial
denaturation step at 94 °C for 2 min, followed by 25 cycles of denatura-
tionat94 °Cfor 30s,annealingat 55 °Cfor 30 sand elongationat 72 °Cfor
90 s, plus a final extension step at 72 °C for 7 min. The resulting PCR
product was purified with QIAquick PCR purification kit {Qiagen),
prepared with ABI Prism Big Dye Terminator version 3.1 cycle sequen-
cing ready reaction kit (Applied Biosystemns) and sequenced with the
automatic sequencer ABI Prism 310 genetic analyser (Applied Biosys-
tems) using sequence specific primers for blapp and aacA4, one of the
aminoglycoside acetyltransferases. A similarity search for the deduced
amino acid sequences against sequence databases was done using the
BLAST program at the DNA Database of Japan (Shizuoka, Japan).

Conjugation experiments. Conjugation experiments were performed
by the broth method using rifampicin-resistant E. coli ML4903 as a
recipient (Ishii et al., 1995). A 0-9 ml:0-1 ml mixture of exponentially
growing donor and recipient isolates was incubated in 1 ml Mueller—
Hinton broth at 35 °C for 1 h. E. coli transconjugants were selected on
Drigalsky agar medium (BTB Agar, Eiken) containing ceftazidime (5 pig
mi~!) and rifampicin (25 pg ml™!). Frequency of transfer was expressed
as the number of transconjugants per number of donors. Susceptibility
testing for donor, recipient and transconjugants was performed by the
microdilution method according to the Clinical and Laboratory
Standards Institute, formerly known as the NCCLS, document M7-A6
(NCCLS, 2003). Incompatibility tests were carried out as described in a
previous report (Chabbert et al., 1972; Ishii et al., 1995). Briefly, the
transconjugant was used as a donor and mixed with a recipient E. coli
C600 that harboured plasmids of a known incompatibility group (Ishii
et al., 1995). The conditions used were the same as for the conjugation
experiments described above. Transconjugants were selected for resis-
tance to ceftazidime and the resistance marker drugs of each plasmid.

Plasmid elimination. Plasmid eliminationwas performed to prove that
the resistance gene was on a transferable plasmid. The transconjugants of
TUM1933 and TUM1936 were used as a recipient, and mixed with a
donor E. coli C600 that harboured a plasmid with the same incompati-
bility group as the recipient. Conjugation conditions were the same as
those mentioned above. Transconjugants were selected for resistance to
rifampicin and the resistance marker drugs of each plasmid.

PFGE. PFGE analysis was performed with a modified version of the
instruction manual from Bio-Rad Laboratories. Agarose plugs contain-
ing genomic DNA were digested with Sfil (Bio-Rad Laboratories).
Fragments were separated using SeaKem Gold Agarose gel (FMC
Bioproducts) in 0-5 TBE buffer (0-089 M Tris base, 0-089 M boric acid
and 0-:002 M EDTA) at 14 °C for 20 h on a CHEF Mapper apparatus
(Bio-Rad Laboratories). The banding patterns were evaluated by using
Finger printing II DST software (Bio-Rad Laboratories) with Dice and
UPGMA coefficients (Mariani-Kurkdjian et al., 2004). Isolates with a
genetic similarity of > 80 % according to dendrogram results were
considered to be from the same origin.

RESULTS

Nine of 495 indole-positive proteae clinical isolates were not
susceptible to imipenem (MIC = 8 ug mi~') by Etest strip
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Table 3. PCR primers

Gene Primer sequence (5'-3) Tm (°C) Expected size of Reference
amplicon (bp)

MfIL genes

blapgp F1 CTACCGCAGCAGAGTCTTTG 62-7 587 Kimura et al. (2005)
R1 AACCAGTTTTGCCTTACCAT 599

blapp_, E2 GTTTTATGTGTATGCTTCC 51-8 678 Shibata et al. (2003)
R2 AGCCTGTTCCCATGTAC 556

blavim-y F3 AGTGGTGAGTATCCGACAG 57'5 261 Shibata et al. (2003)
R3 ATGAAAGTGCGTGGAGAC 587

blaypsa F4 ATGTTCAAACTTTTGAGTAAG 52-7 801 Shibata et al. (2003)
R4 CTACTCAACGACTGAGCG 57

blagpp_ F5 GCGTTTTGTTTGTTGCTC 594 786 Shibata et al. (2003)
R5 TTGGGGATGTGAGACTAC 556

Integrase genes

intl1* F6 ATCATCGTCGTAGAGACGTCGG 67-4 - Kimura et al. (2005)
R6 CTCTCTAGATTTTAATGCGGATG 60-6

intl2 F7 CACGGATATGCGACAAAAAGGT 667 789 Shibata et al. (2003)
R7 GTAGCAAACGAGTGACGAAATG 634

intl3 F8 ATCTGCCAAACCTGACTG 58-7 922 Shibata et al. (2003)
R8 CGAATGCCCCAACAACTC 64-2

*intll detects the area between 5'-CS and 3’-CS, which is a variable region.

during evaluation at each medical centre, and confirmed at
the Department of Microbiology and Infectious Diseases,
Toho University School of Medicine. All nine isolates were
identified as Prov. rettgeri by the BD Phoenix system. Eight of
the nine isolates were positive on screening for MAL
production by DDST. These isolates were from two hospitals,
in Nagasaki prefecture and Mie prefecture. Six strains from
one hospital were urine isolates from different patients. In the
other hospital, the two IMP-1-producing Prov. rettgeri
strains were isolated from sputum and blood from different
patients (Table 4).

The types of MBL were assessed by PCR. Eight of the nine
DDST-positive isolates were confirmed as carriers of IMP-1
type MBL, which was encoded by a gene located in a class 1

integron structure. The types of MBL were confirmed by
sequencing analysis. PCR amplification of the variable region
(located between the 5'- and 3'-conserved sequences) of the
class 1 integron using the conjugative plasmids as the
template yielded a 2:5kb or 3-5kb product. Sequence
analysis of both the 2:5 kb and the 3-5 kb integrons revealed
a structure with at least two gene cassettes containing blapp.
and aacA4, which encodes resistance to tobramycin and
amikacin. In the 25 kb product, the blapp., gene cassette
was located immediately downstream of the 5'-CS and was
followed by the aacA4 gene cassette. On the other hand, in the
35 kb product, the aacA4 gene cassette was located imme-
diately downstream of the 5'-CS, and was followed by the
blapp.; gene cassette and another cassette, which did not
code any protein,

Table 4. Characteristics of blayp.-positive Prov. rettgeri clinical isolates

Strain Region Source Antimicrobial susceptibility (ug ml™!)
Piperacillin Ceftazidime Cefotaxime Aztreonam Imipenem Meropenem
TUM1965 Nagasaki Urine 32 >16 >32 2 >8 >8
TUM1966 Nagasaki Urine 32 >16 >32 2 >8 >8
TUM1933 Nagasaki Urine >64 >16 >32 2 8 >8
TUMI1934 Nagasaki Urine >64 >16 >32 >16 - >8 >8
TUM1935 Nagasaki Urine >64 >16 32 2 >8 >8
TUMI1967 Nagasaki Urine >64 >16 >32 2 >8 >8
TUM1936 Mie Blood 8 >16 >32 2 >8 >8
TUM1937 Mie Sputum >64 >16 >32 2 >8 >8
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The MPBL genes of the eight isolates from two different
hospitals were transferable to E. coli ML4903 at a frequency
between 15 X 107 and 5:5 X 1077. When production of
MpL was checked by DDST for the E. coli transconjugants, all
showed ML production. Moreover, most 8-lactam MICs of
the transconjugants were similar to those observed for Prov.
rettgeri isolates, but the imipenem MICs (MIC 4 pg ml™})
tended to be lower than those of the donors (MIC 128 pg
ml™h).

Incompatibility testing showed two groups. Group Hl-
harbouring strains were found in Nagasaki, and group T-
harbouring strains were found in Mie. The transconjugants
of TUM1933 and TUM1936 lost their plasmid when con-
jugated with E. coli C600. MICs of 3-lactam antibiotics for
the products of this second conjugation were lower than
those of the transconjugants of TUM1933 and TUM1936,
which proved that the resistance gene was on a transferable
plasmid. In addition, the MICs of the resistance marker drugs
were the same as for E. coli C600 (Table 5). This result
reflected the phenomenon of incompatibility. Two plasmids
could not stably coexist in the same host when these plasmids
had the same incompatibility groups.

The genetic similarity of the eight blapp.; -positive isolates
was evaluated by using PFGE. Two types of PFGE patterns
were observed (Fig. 1). The strains TUM1965, TUM1966,
TUM1933, TUM1934, TUM1935 and TUM1967, isolated
from the hospital of Nagasaki prefecture, and strains
TUM1936 and TUMI1937, from the hospital of Mie pre-
fecture showed the same chromosomal DNA banding
pattern.

DISCUSSION

The spread of nosocomial strains producing MAL has been
reported around the world and is regarded as a serious
clinical problem (Nordmann & Poirel, 2002; Walsh et al,
2005). MfBL-encoding genes are located in an integron
structure on a conjugative plasmid (Arakawa et al., 1995).
These structures are one of the most important factors for
multidrug-resistant bacteria because they can easily transfer
from one strain to another, even to other species. Most MPBL-
producing strains show resistance not omnly to f-lactams
(except monobactams) but also to other antibacterial agents
such as aminoglycosides, quaternary ammonium com-
pounds, trimethoprim and sulfonamides because these
resistance genes are located on the same integron structure
(Laraki et al., 1999).

Recently, it has been reported that isolates of MBL-produ-
cing Ps. aeruginosa and Serratia marcescens probably have a
high incidence (Kurokawa et al., 1999). The reported isolates
were mainly isolated from immunocompromised hosts who
had pre-existing conditions such as malignant diseases, and
were caused by nosocomial spread (Hirakata er al., 1998).
Among other Gram-negative bacteria, the isolation of ML
producers is also increasing. Shibata et al. (2003) reported
that blapp.1, blapvp.2 and blaypy, as MPL genes were

Table 5. Results of the plasmid elimination experiments

Antimicrobial susceptibility (ug ml™')

Resistance

Incompatibility

Strain

marker

group

Meropenem

Aztreonam  Imipenem

Cefotaxime

Piperacillin  Ceftazidime

Rifampicin  Streptomycin Tetracycline

=0-25

256
256

=0-25

=0-25

=0-25

=0-25

HI Tetracycline

Donor (E. coli C600)

=0-25 =0-25 =025 =0-25 >256

=0-25
>256

Transconjugant

Recipient

256
256

>256
>256
>256

4
=0-25
<(-25

2

4
=0-25
=0-25

4

=0-25
=(-25
=0-25
=(-25

64
=0-25
=0-25

64

=0-25
=025
>256

16
16

>256
>256

Streptomycin

Rifampicin
Rifampicin

H1
T
T

Transconjugant

Donor (E. coli C600)
Recipient

transconjugant)
transconjugant)

(TUM1933
(TUM1936
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