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2.2. Susceptibility testing and screening for
ESBL-producing strains

Minimum inhibitory concentrations (MICs) of various
B-lactam antibiotics were determined by the agar-dilution
method according to the National Committes for Clinical
Laboratory Standards (NCCLS) guidelines [11]. Isclates
were suspected to be ESBL producers when they were
not susceptible to either cefotaxime, ceftazidime or cef-
triaxone (MICs of either of these antibiotics were more
than 8 pg mi~'). The suspected strains were stocked for
further evdluation. For these strains, a double-disk test
using Kirby-Bauer disks containing cefotaxime, ceftazi-
dime, or ceftriaxone and amoxicillin/clavulanic acid was
performed to confirm the production of ESBL [12].

2.3. PCR

To determine the genotype of ESBIL, PCR was per-
formed by the following method using the TEM-, SHV-
and Toho-1-specific primers (Table 1). Each strain was
suspended in 500 pl of distilled water at the concentration
of MacFarland 0.5 and boiled at 100°C for 10 min. After
centrifugation, 10 ul of the supernatant was subjected to
PCR reaction as a template. PCR amplification and visu-
atization of the amplified product were performed as de-
scribed elsewhere [13]. In ozder to distinguish SHV-derived
ESBLs from non-ESBLs such as SHV-1 and LEN-1 [14],
transconjugants which had transferred resistance to cefta-
zidime from the original strains were subjected to PCR.
For strains whose transconjugants were hard to obtain,
PCR products were digested with Nhel to give two frag-
ments, 756 bp and 295 bp in size, in most SHV-derived
ESBLs [15]. PCR reactions for each strain were repeated
at least three times.

2.4. Nucleotide sequencing of PCR products
When a PCR reaction using TEM- or SHV-specific

primers yielded products of the same apparent size as pos-
itive control, some of them were subjected to direct se-

Table 1
Primers used in this study Tor PCR and nucleotide sequencing

quencing by the dye-terminator method by using the
Dye Terminator Cycle Sequencing FS Ready Reaction
kit (Applied Biosystems, Foster City, CA, USA) with
the ABI PRISM® 377 XL DNA Sequencing System (Ap-
plied Biosystems, Foster City, CA, USA). In addition to
the primers used in the PCR reaction, we used several
primers for nucleotide sequencing (Table 1). Te determine
the nucleotide sequence of both ends of the PCR product,
we used the TA cloning kit (Invitrogen, NV, Leek, The
Netherlands) according to the manufacturer’s recommen-
dation. Nucleotide sequences and predicted amino acid
sequences were analyzed with FASTA at the National In-
stitute of Genetics in Japan.

3. Results and discussion

Twenty-cight of 16805 E. coli isolates and 41 of 9794 K
preumonige isolates were resistant to cefotaxime, ceftazi-
dime or ceftriaxone (MIC =8 ug ml™'). Ameong them, 15
E. coli and 34 K preumoniae were judged to be genuine
ESBL producers by a double-disk test. Forty-four strains
were isolated from inpatients, and five from outpatients.
Most of 49 strains were recovered mainly from urine
(24 strains) or sputum samples (19 straing). When we be-
gan this survey in January 1997, there were no standar-
dized criteria for the screening of ESBLs in K. preumeniae
and E. coli as described in the latest NCCLS guidelines. It
is probable that more ESBL producers would have been
detected if we had used the NCCLS criteria of lower
breakpoints. Relatively wide and frequent use of cepha-
mycins and carbapenems in Japan might also contribute to
the low isolation rate of ESBLs.

The genotypes of ESBLs determined by PCR were
shown in Table 2. Of 15 E. coli ESBL producers, 12
{80%) were Toho-1-type, one was TEM-derived and two
were SHV-derived. On the other hand, 12 Toho-1-type
and 22 SHV-derived ESBL producers were found in
K preumoniae. One K. preumonige strain R131 yielded
positive PCR results with both TEM- and SHV-specific
primers, and nucleotide sequence analysis revealed that

PCR primers

Sequencing primers

" TEM-specific TEM
T1, T2 and T3; 5'-CAGTCACAGARAAGCAT-3'
T4; 5'-CTGGCGAACTACTTACTC-3

T1; 5'-CCGTGTCGCCCTTATTCC-3
T2; 5'-AGGCACCTATCTCAGCGA-3’

T5; 5'-TAGGCGGAGGTAGGTCAG-3

SHV-specific
51,5 - ATTTGTCGCTTCTTTACTCGEC-3"
$2; 5-TTTATGGCGTTACCTTTGACC 3 SHV

T6; 5'-TACGARAAGACACTGACC-3'

51, 82, and 53; 5'-GCGGGTGGATECCEGTG-Y

Toho-1-type
Tol; 5'-ACGCTACCCCTGCTATTI-¥
To2; 5-CCTTTCCGCCTTCTGLTC-3'

54, 5-CGGCGGGCTGGTTTATCE-3
§5; ¥-TARRTCRACCACAATGCCC-3
56; 5-GTCGGCAAGGTGTTTTTC-3"
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Table 2
Types of ESBLs detected among E. cofi and K. pnewmonice clinical iso-
lates

Types of ESBLs

TEM-derived  SHV-derived

Toho-1-type
E. coli i2 (6) 1(1) 2
K preumoniae 12 (6} 0 22 (5

Number of isolates. Numbers of hospitals and clinics where ESBL pro-
ducers were isolated are indicated in parentheses.

this strain produced TEM-1 and SHV-2 [16]. Notably, 13
of 22 SHV-derived ESBL producers of K preumonioce
were isolated in one hospital. More than 90% of K. pneu-
moniae isolates in this hospital were ESBL producers dur-
ing the survey period. A detailed epidemiologic study is
underway, and judicious usage of antibiotics is recom-
mended in this hospital.

All the TEM- or SHV-specific PCR products of E. coli
strains HKY 560, HKY600 and HKY 741 were subjected to
direct nucleotide sequencing. In K. preumoniae, we ana-
lyzed nucleotide sequences of SHV-spectfic PCR products
yielded from nine strains: HKY472, HKY496, HKY502,
HKY514, HKY525, HKY534, HKY615, HKY730, and
R131, which were representative strains of the five differ-
ent hospitals where SHV-derived ESBLs were isolated.
Susceptibility profiles for various P-lactam antibiotics of
these strains and the type of the ESBL genes were shown
in Table 3. The only TEM-specific PCR product of E. colf
strain HKY 560 was partially identical to the sequence of
the gene that encoded TEM-26 reported previously [17].
The susceptibility profile of the strain HKY560 for various
f-lactam antibiotics was also suggestive of 2 TEM-26 pro-
ducer (Table 3). Surprisingly, the nucleotide sequence
analysis of the SHV-specific PCR products of two E. coli
and eight K. prewmoniae strains revealed that all encoded
SHV-12 [18], aithough some had silent point mutations in

Table 3
MICs of representative strains for various P-lactam antibiotics

55

the coding region. It appears that SHV-12 is the dominant
SHV-derived ESBL in Japan so far. Strains HKY496,
HKY 502 and HKYS615 showed resistance to cephamycins
{Table 3). This suggested another resistance mechanism
such as B-lactamase production distinct from ESBLs, or
deficiency of outer membrane porin [19). Further evalua-
tion of these strains is planned.

Although this survey was not nationwide and might not
correctly reflect the actual distribution of ESBLs in Japan,
these results have some important epidemiclogical impli-
cations. As the previous sporadic reports indicated, Toho-
1-type ESBLs were the most prevalent type in this survey.
So far as we know, this is the first report in Japan to
identify TEM- and SHV-derived ESBLs including TEM-
26, SHV-2 and SHV-12 among E. coli and K. pnewmoniae.
In particular, SHV-12 was identified at a relatively high
frequency. These results clearly indicate that distinct types
of ESBLs, which are different in both their substrate spe-
cificity and genetic origin, co-exist in Japan. Under these
circumstances, we emphasize the importance of character-
izing distinct genotypes of ESBLs and to be continuously
alert to the trends of ESBLs in Japan at a multi-institu-
tional level. In addition, uniform interpretation is required
in reporting ESBL-producing strains. Consequently, we
have adopted the NCCLS guidelines. However, some of
the Toho-1-type ESBL-producing XK. pnewmoniae strains in
this survey showed MICs of ceftazidime below or equal to
1 pg ml™! {data not shown). The clinical implications of
ESBL-producing bacteria, including whether or not these
Toho-1-type ESBL-producing K. preumoniae strains are
actually resistant to ceftazidime, should be cautiously eval-
uated in the clinical settings. We believe that, in addition
to the detection of ESBLs, more information is needed,
such as the specific susceptibility profile for various B-lac-
tams and the site of infection. These factors are essential
for the proper cheice of antibiotics.

Strains K or E*  Genotype of ESBL MIC (ug mi™) _
ABPC  PIPC CER CTX CAZ AZT s/IC CMZ LMOX IPM

HEKY 560 E TEM.26 =64 Z64 =64 16 =64 =64 2 2 =1 =1
HKY600 E SHV-12 z64 =64 Z64 16 =64 =64 8 2 =1 =1
HKY74l1 E SHV-12 =64 S 264 =64 32 64 T 64 4 2 =1 =1
HKY472 K SHV.12 =64 Z64 =64 =64 =64 =64 =64 =464 z64 2
HKY496 K SHV-12 =64 =64 =064 32 =64 =64 8 264 8 =1
HEY502 K SHV-12 =64 =64 =64 8 =64 =64 8 =64 B =1
HKY§15 K SHV-12 =64 =64 =64 32 Z=64 =64 8 & 64 4 =1
HKY514 K SHv-12 =64 =64 & 64 32 =64 =64 8 2 =1 =1
HKY525 K SHV-12 =64 =64 64 8 =64 =64 32 =1 &1 =1
HKYS534 K SHV-12 =64 =64 Z 64 16 =64 =64 32 2 =1 =1
HKY730 K SHV-12 =64 =64 =64 15 =64 =64 8 2 =1 =1
R13i K SHV-2 =64 =64 & 64 264 32 8 8 =1 =1 =1

*K, Klebsiefla pnewmonioe: E, Escherichia cofi,

YABPC, ampicillin; PIPC, piperacillin; CER, cephaloridine; CTX, cefotaxime; CAZ, ceftazidime; AZT, aztreonam; S/C, cefoperazonefsulbactam;

CMZ, cefmetazole; LMOX, moxalactam; IPM, imipenem.
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Worldwide proliferation of
carbapenem-resistant
gram-negative bacteria

Sir—Imipenem was approved for
clinical use in 1987 in Japan, followed
by panipenem and meropenem in 1993
and 1995, respectively. These
carbapenems have been used in clinical
settings as a last resort for their broad-
spectrum antibacterial activity and
stability against various (-lactamases
produced by gram-negative bacteria.
However, carbapenems-resistant Serratia
marcescens and Pseudomonas aeeruginosa
emerged in Japan nearly 10 years ago.'”
These strains produce a novel metallo-
B-lactamase (IMP-1) that is mediated
by transferable R-plasmids.” IMP-1-
producing gram-negative bacteria have
been proliferating in Japan and have also
been identified in European countries by
G Cornaglia and colleagues {(March 13,
p 899)* and in Singapore by T H Keh
and coileagues (June 19, p 2162).°
According to our 1996-97 survey
of IMP-1-producing gram-negative
bacteria in Japan, 34 (1-3%) of 2533 P
aeruginosa and 144 (4-4%) of 3222 Ser
marcescens isolates produced IMP-1
through acquisition of R-plasmids that
carry bla,,, gene. We also identified
other IMP-1-producing gram-negative
bacterial species, including Escherichia
coli, Klebsiella pnewmoniae, Citrobacter
freundii, Enterobacter aerogenes, FEnt

cloacae, Proteus vulgaris, and Providencia
rettgeri, as well as Ps purida, Ps fluorescens,
Burkholderia cepacia,  Alcaligenes
xylosexidans, and Acinetobacter spp.
Conjugational transfer of wide host-
range R-plasmids bearing the bla,,, gene
is the mechanism of the dissemination of
bla,,, gene cassette onto various gram-
negative bacterial species.

Gram-positive cocci  such as
meticillin-resistant Stepiyiococcus aureus,
vancomycin-resistant Enz faecium, and
vancomycin-resistant Ent faecalis have
developed multiple antibiotic resistance,
and peniciilin-resistant Streprococcuis
preumoniae is also developing resistance
to newly developed macrolides and
fluoroquinolones. These gram-positive
cocci  have been  disseminated
worldwide, causing life-threatening
infections. Fortunately, carbapenems,
fluoro-quinolones, and aminoglycosides
are still effective against gram-negative
bacteria. However, about 20% of
DPs  aeruginosa isolates have fluoro-
quinolone resistance and nearly 5% also
have amikacin resistance in Japan,
International travel and transpost give
drug-resistant bacteria a free ride. Can
we expect an explosive proliferation of
IMP-1-producing gram-negative
bacterial species, as seen with other
resistant  species? The spread of
carbapencm-resistant  gram-negative
bacteria raises the spectre of a clinical
Armageddon.

To cope with bacteria that have

acquired multiple antibiotic resistance,
we need operational surveys and
monitoring of multiple-drug-resistant
gram-negative bacterial species and
gram-positive cocci by WHO and
national health authorities, and
guidelines for prudent use of broad-
spectrum antimicrobial agents in each
clinical setting.
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Convenient Test for Screening Metallo-8-Lactamase-Producing

Gram-Negative Bacteria by Using Thiol Compounds
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TETSUYA YAGIL" HIROSHI FUIIWARA,' anp MASAFUMI GOT(Q?
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-A simple disk diffusion test was constructed for detection of IMP-1-type metallo-B-lactamase-producing
gram-negative bacteria. Two Kirby-Bauer disks containing ceftazidime (CAZ) and a filter disk containing a
metallo-B-lactamase inhibitor were used in this test. Several IMP-1 inhibitors such as thiel compounds
including 2-mercaptopropionic acid, heavy metal salts, and EDTA were evaluated for this test. Two CAZ disks
were placed on a Mueller-Hinton agar plate on which a bacterial suspension was spread according to the
methed recommended by the National Committee for Clinical Laboratory Standards. The distance between the
disks was kept to about 4 to 5 cm, and a filter disk containing a metallo-B-lactamase inhibitor was placed near
one of the CAZ disks within a center-to-center distance of 1.0 to 2.5 ¢cm. For IMP-1-producing strains, the
growth-inhibitory zone between the two disks expanded, while no evident change in the shape of the growth-
inhibitory zone was observed for CAZ-resistant strains producing serine B-lactamases such as AmpC or
SHV-12. As a result, 2 to 3 pl of undiluted 2-mercaptopropionic acid or mercaptoacetic acid able to block
IMP-1 activity gave the most reproducible and clearest results, and CAZ-resistant strains producing AmpC or
extended-spectrum B-lactamases were distinguishable from IMP-1 producers by this test. A similar observa-
tion was made with IMP-1-producing clinical isolates such as Serratic marcescens, Klebsielln pneumoniae,
Escherichia coli, Enterobacter cloacae, Enterobacter aerogenes, Citrobacter freundii, Proteus vulgaris, Pseudomonas
aeruginosa, Pseudomonas putida, Acinetobacter spp., and Alcaligenes xylosoxidans. The specificity and sensitivity
of this test were comparabie to those of PCR analysis using blay,,-specific primers. Therefore, this convenient

test would be valuable for daily use in clinical laboratories.

Carbapenem-resistant gram-negative bacterial species such
as Serratin marcescens and Pseudomonas aeruginosa have
emerged in Japan, and these isolates usually produce IMP-1
metallo-B-lactamase (7, 9, 13, 15, 17). The bla;p genes re-
sponsible for the IMP-1 production are usually mediated by
integrons carried by transferable large plasmids (1). About
4.4% of §. marcescens strains and 1.3% of P. aeruginosa strains
have already acquired IMP-1 productivity in Japan (manu-
script in preparation), and transmissions of the bla;,, gene
cassetie have been observed among various gram-negative rods
(18). Since IMP-1 producers tend to demonstrate a wide range
of resistance to various broad-spectrum B-lactams including
the oxyimino cephalosporins, cephamycins, and carbapenems,
early recognition of IMP-1 producers is very important for
rigorous infection control (3). The worldwide spread of this
kind of organism is becoming a general concern, since several
metallo-B-lactamase-producing gram-negative bacteria have
recently been reported outside Japan (5, 11, 19). Indeed, PCR
analyses usually give reliable and satisfactory results (18), but
this method is of limited practical use for daily application in
clinical laboratories becausce of the cost. Thus, the develop-
ment of a simple and inexpensive testing method for screening
of IMP-1 producers has become necessary.

MATERIALS AND METHODS

Bacterial strains. Clinically isolated ceftazidime (CAZ)-resistant (MIC, >64
pg/ml) gram-negative bacterial strains were used in the test. Several of these

* Corresponding author. Mailing address: Department of Bacterial
and Blood Products, National Institute of Infectious Diseases, 4-7-1
Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan. Phone: 81-42-
561-0771, ext. 500. Fax: 81-42-561-7173. E-mail: yarakawa@nih.go.jp.

isolates were later found to carry the Blayyp gene by PCR. A well-characterized
extended-spectrum B-lactamase (ESBL) (SHV-12) producer and AmpC hyper-
producers were also used as the controf strains, A list of the bacterial strains
tested in this study is shown in Table 1.

Evaluation of metallo-B-lactamase inhibitors. CuCl,, FeCl, EDTA, and thiol
compounds incliding mercaptoacetic acid, 2-mercaptopropionic acid, and mer-
captoethanol were used and evaluated for IMP-1 inhibition, because these agents

TABLE 1. Strains used in this study

Strain B-lactamase produeced fgg’; J;_ii’]sé

Serratia marcescens IMP-1 17
MEKDM17

Serratin marcescens HKY414 AmpC This study

(hyperptoduction)

Klebsiella pneumoniae IMP-1 17
MKD115

Klebsiella preumonige SHV-12 This study
HKY402

Pseudomonas aeruginosa IMP-1 17
MEKAMI12 :

FPsendomonas aeruginosa Pa9 AmpC This study

(hyperproduction)

Pseudomonas putida IMP-1 17
MSGD1

Acinetobacter sp. IMP-1 This study

Alcaligenes xylosoxidans IMP-1 17
MNGI0131

Enterobacter cloacae IMP-1 This study

Enterobacter acrogenes IMP-1 This study

Citrobacter freundii IMP-1 This study

Escherichia coli IMP-1 This study

Proteus vuigaris IMP-1 This study
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IMP-1 producers
P. geruginosa {IMP-1]

non-IMP-1 producers

FIG. 1. Inhibitory effects of 2-mercaptopropionic acid (2-MPA) on IMP-1
producers and non-IMP-1 producers. Three CAZ-resistant strains belonrging to
the gram-negative bacterial species F. aeruginosa, S. marcescens, and K. preu-
moniae and producing IMP-1 metalle-RB-lactamase or serine-B-lactamases
(SHV-12 or AmpC) were tested.-For each IMP-1 producer, a distinct growth-
inhibitory zone appeared between the KB disk containing CAZ and the filter disk
containing 2-MPA (left column). No change is evident around the two KB disks
containing CAZ with or without 2-MPA for each serine p-lactamase producer
(right column).

have been reported to block metalio-B-lactamase (2, 6, 12, 16). A coleny of each
bacterial strain was suspended and diluted with Mueller-Hinton (MH) broth to
10° CFU/ml and spread on an MH agar plate with a cotton swab according to the
protocel recommended by the Naticnal Committes for Clinical Laboratory Stan-
dards {14). Two commercially supplied Kirby-Bauer (KB) disks, each containing
30 pg of CAZ (Eiken Co. Ltd., Tokyo, Japan), were then placed on the plates.
The distance between the two CAZ disks was kept at about 4 to 5 ¢m, and a filter
disk was placed near one of the CAZ disks within a center-to-center distance of
1.0 to 2.5 em. Two 1o five microliters of each inhibitor solution was added to the
fitter disk on the agar, and each agar plate was incubated at 37°C overnight. The
concentration and amount of each inhibitor solution added to the filter disk were
as follows: for CuCly, 100 mM (5 pl); for FeCl,, 100 mM (5 pb); for EDTA, 100
mM (5 ul); and for thiol compounds, an undiluted solution (2 to 3 ul}.

PCR analysis. CAZ-resistant strains used in this study were tested by PCR
analysis to confirm the presence of the bla,,p gene according to the method of
Senda et al, (18) by using a new set of PCR primers (5'-ACCGCAGCAGAGT
CTTTGCC-3 and 5'-ACAACCAGTTTTGCCTTACC-3').

RESULTS AND DISCUSSION

Among the metallo--lactamase inhibitors used in this
study, 2-mercaptopropionic acid gave the clearest results, be-
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2-MPA

CAZ

Acinetobacter sp

A, xylosoxidans

C. freundii

E. aerogenes

E. cloacae

E coli

P, vulgaris

F1G. 2. Appearance of growth-inhibitory zone in IMP-1-producing strains by
use of CAZ and 2-mercaptopropionic acid (2-MPA). Various levels of growth
inhibition were observed in the IMP-1-producing gram-negative bacterial species
tested. Marked growth inhibitions were observed in Acinetobacter sp., Alcaligenes
xylosoxidans, Enterobacter qerogenes, E. coli, Proteus vulgaris, and Pseudomonas
putida, whereas weak and ambiguous growth inhibitions were observed in C.
freundii and E. cloacae,
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A

K. pneumoniae 3

SHV-12 5

P. aeruginosa

IMP-1

AmpC

S. marcescens

IMP-1

cause this chemical agent blocked TMP-1 activity very strongly
even at a low concentration (6). Mercaptoacetic acid also gave
a clear result, but its inhibitory effect was slightly weaker than
that of 2-mercaptopropionic acid. By using 2-mercaptopropi-
onic acid, apparent growth-inhibitory zones were observed
with all IMP-1-producing strains tested, inciuding S. marc-
escens MEKDM17, Klebsiella pneumonige MKD115, and F.
aeruginosa MKAM12, while no distinct change in the appear-
ance of the growth-inhibitory zone was observed for CAZ-

J. CLIN. MICROBIOL.

CAZ

S. marcescens

FIG. 3. (A) Inhibitory effects of FeCl; on IMP-1 producers and non-IMP-1
producers. A slight expansion of growth-inhibitery zones between two disks was
observed for all three IMP-1 producers (arrowheads). No change in the shape of
the growth-inhibitory zone was cvident for any serine-B-lactamase producer. (B)
Inhibitory effects of EDTA on IMP-1 producers. Growth-inhibitory zones be-
tween two disks appeared for all three IMP-1 producers (arrowheads) when 5 pl
of 500 mM EDTA solution was added to the filter.

resistant strains producing AmpC or SHV-12 (Fig. 1). Of 3,222
5. marcescens isolates and 2,533 P. aeruginosa isolates, 141 and
88 isolates carrying blayyp, respectively, demonstrated an ex-
pansion of the growth-inhibitory zone by 2-mercaptoacetic
acid, and Escherichia coli strains producing Toho-1 or MEN-1
that show resistance to cefotaxime were distinguishable from
IMP-1 producers by this method (data not shown). The other
IMP-1 producers belonging to the gram-negative bacterial spe-
cies also showed results similar to those observed with IMP-1-
producing . marcescens and P. aeruginosa strains, as shown in
Fig. 2. However, relatively weak and ambiguous growth-inhib-
itory zones appeared for IMP-1-producing Citrobacter freundii
and Enterobacter cloacae, even when two disks containing CAZ
and 2-metcaptoacetic acid, respectively, were placed as close
together as 1 cm (from center to center) (Fig. 2). This may be
due to the hyperproduction of AmpC and/or to a change in
membrane permeability in these bacteria. Further study is
needed to improve the method for these strains, though IMP-
1-producing strains of C. freundii and E. cloacae are still very
rare.

Heavy metal salts such as CaCl, and FeCl, usually formed
ring-shaped areas of precipitation around the filter disk and
demonstrated their own bactericidal activity, while the growth-
inhibitory zone expanded to the disk containing CAZ, as
shown in Fig. 3A. The inhibitory effects of both heavy metal
salts were similar, but the results were ambiguous in several
strains. HgCl, itself has rather strong bactericidal activity and
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yielded better results than CuCl, and FeCl; in the preliminary
tests. However, the use of Hg™ salt is not recommended from
the viewpoint of human health and environmental conserva-
tion.

EDTA also created a growth-inhibitory zone between the
two disks, but its appearance and reproducibility were rela-
tively poor in several strains, even when a thick EDTA solution
(500 mM) was added to the filter disk (Fig. 3B).

CAZ seemed to be the most suitable substrate for this test,
because IMP-1 producers usually demonstrated high-level re-
sistance to CAZ (MIC, >64 pg/ml) in our previous study (17,
18), and a marked inhibitory effect of thiol compounds was
usually observed, as shown in Fig. 1 and 2. Indeed, any kind of
broad-spectrum @-lactam disk can be used in this zest, but
IMP-1 producers usually demonstrate various levels of resis-
tance to imipenem (IPM) (MIC, 4 to 128 ug/ml). However,
the inhibitory effect of thiol compounds tends to be ambiguous,
especially in strains that demonstrate reduced susceptibility to
IPM (MIC, 4 to % pwg/mi) when the KB disk (IPM) is used (data
not shown).

The emergence of gram-negative bacterial species with ac-
quired resistance to various broad-spectrum B-lactams is be-
coming a worldwide clinical problem. Strains producing TEM-
or SHV-derived ESBLs (4, 10} usually demonstrate high-level
resistance to broad-spectrum oxyimino B-lactams such as CAZ
and cefotaxime. Moreover, several K preumoniae strains that
showed resistance to cephamycins as well as oxyimino cepha-
losporins were also found to produce AmpC-type B-lactamases
such as MOX-1 (8). In Japan, furthermore, the emergence of
carbapenem-resistant gram-negative bacterial strains in spe-
cies such as S. marcescens or P. aeruginosa is becoming a
clinical threat. Some of these isolates produce IMP-1 metallo-
B-lactamase, and these strains tend to demonstrate a wide
range of resistance to various broad-spectrum cephalosporins,
cephamycins, and carbapenems (7, 9, 15, 17). Recently, gram-
negative bacterial strains that were speculated to produce me-
tallo-B-lactamases very similar to IMP-1 were also isolated in
the United Kingdom, Italy, and Singapore (5, 11, 19). Thus,
there is a need to develop a simple and specific method to
distinguish IMP-1 producers from other bacteria showing a
similar antibiotic resistance profile through the production of
AmpC, ESBLs, or Toho-1-type B-lactamases. Indeed, PCR
analysis usually gives satisfactory results in the detection of
IMP-1 producers (7, 17), but it is not suitable for daily testing
in clinical laboratories due to the cost. Therefore, the method
described in this study is very helpful for screening IMP-1-
producing strains in daily clinical laboratory testing.
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EBRARETIE, 77 <A v REEMELRIERAI0--F7 F—E2BET RO
HEIREO AmpC B f~-5 7 Fv—EEBEETHHRROPENT I ERELY, SEINGE
KA D LERLIE2-ANAT TR Vv BREER L dsk IEBEL A F v--F 7 F~—
FTREFHROR T FA v— B PCRIEZRNT 5,

Summary

Metallo-g-lactamases have a hydrolysing activity against various S-lactams including carbap-
enems, and f-lactamase inhibitors such as clavulanic acid and sulbactum. Infections caused by met-
allo-A-lactamase producing gram-negative bacteria are becoming a serious problem in Japanese
clinical settings despite the recent progress in medical technology. Current screening methods can
not distinguish metallo-#-lactamase producers from those producing AmpC g-lactamase. Here we
show a convenient method of detecting metallo-7-lactamase producers using a thiol compound (2-
mercaptopropionic acid} as well as a PCR method with metallo-#-lactamase gene specific primers.

[Rinsho Byori(Suppl) 111 : 109~116, 2000]

Key words IMP-18l2 ¥ u~g-3 7 #<v—=F¥, 2-ANVH 7 b TFo v+ /8, PCRIE, disk$hiis,
integron

HE s SRR Y OBRICEEL 22T D, EFLLKE

, H NS LR OHIRBHEEE 2V 205 5,
75 LAMEMREIC L ARBYEIT AIDS BESEE 1991 4B, {REME D B A AR ATHIE GBS M
BHE, BERERERL, BREEDLARZITLA 2255 Watanabe HIZ XL DI LHTRE SR, Hsé L

Gene examination methods (detection and genotyping of resistant genes) —Metallo-# -lactamase.
*1.2 Naohiro SHIBATA, MD & Yoshichika ARAKAWA, MD, PhD
Départment of Bacteria and Blood Products, National Institute of Infectious Diseases
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1. IMP-1 P4 # (P. aeruginosa)

TS 2REE Z 2 bhi-b,

B4 Osano 512 & 0 MR DK 7 BE Serratia
marcescens TNIL06 #k L 0 -2k L FE LA
Bl -7 FbRENBRTBAZIR-B-F7F~
—¥RER SR, IMP-1 &4t oni?, Zo#
{5711 TN9106 &k T i Eic a2 — F LTk
B, Ito 5OMFEICL > THOBEHRTIRTZIAIN
o~ FERTEMNR S TWVE I EAHLRERS
=% & BT 1995 1T Arakawa HIZX D, HAsSA
F AL S marcescens AK9373 £k B 875 T IMP-1
BAEa-f-5 7 F~v—=E (blave) B F 21 53
LA 7 o iEnBRan, Senda Hic &
WIS ARMEEOBM TEALSEEEEATIRL
TWBZ ENRALNLEoTY, F-1996F 1 AL

B 1997 £ 8 A DELEEM RO TFHEREILLD L

#1300 EER D bERFR S BE & N7 S marcescens 3,222
BRep 141 B8 (4.4%), Pseudomonas aernginosa 2,533 Bk
o 34 # (1.34%) T IMP-18IA ¥ a-g-5 7 ¥ =—+%
BRI,

L% 7S AERMEEREECBS VT, IMP-13 4
ru-g-35 7 F<—+t (blame) EEE OHEMMBERE

2. Amp-C 8 -5 4 5 v —BELHK (P. aeruginosa)
E1 Double disk kI=k 3 1. IMP-1 E4# &, 2. Amp-CR g-5 7 2 T —HELEBOREY
=& disk ETHERERITE A2,

ah, FOREZMIECRISRDLA TS, B
FEPCREICE - THRMEEETERMTHZ LT
BTHD, LdL, PCRIBI—BFROBERE TR
AR N FEOMOSETERIEEL V., EREkO disk
EHERRETHE TR AN, 2 Fa-p-F7F
2Pl S ABRO -7 F<w—HE L AmpC
BA-F 5 Fw—E280 I 7RACHOA-F7F7~<
— P HFERNT A LiITRERGENEZH(HI),

FrICROHELWERTHELREFERLEL
TroTEE,

L ARO-pg-5587—EEF

AFw-f-F 7 F v —¥iL 1966 4 Bacillu
cereus TEBENT-OREHNTH B, E7 Steno-
trophomonas maltophitia 72 ¥ THHEE S TW37,
WAL TICH 20 BEMAFREIN®, Ambler D5 F
ST, 7T A By, Bush 6T X HHBRES
W N—T 3 EER TV EYY,

TOBERMMOI I AOR) VBRB-F I Fv—
Lol B Z03EERPLICEREZ LI ETH
5, AE0-f-F 7 ¥v—EREOFEHEPLOESR
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WEMABE LEARREREOKGTFY, f-F7F A
BRNASRUBRESE2HET, ILASRAY
SETBIED, BEAETATOR=VIY, &7
= ARREYEESBL, EHIANATFL, 7
STSUBEVDT T/ Fw—ERFEE LY
FETDLEVHERTREMEETT,

II. IMP-1 8442 0-4-59 47—+
 EEEOBEESBHE

B LT, BRMER, 7 R UiEREEE
B—RXHITH D,

ERMEE T, Serratia marcescens, Klebsiella
preumoniae, Escherichia coli, Providencia refigeri 73
Y, 7R OoREIERBEE B TiX Pseudomonas aeru-
ginosa, Pseudomonas putida, Pseudowmonas fluores-
cens, Alcaligenes 2 ENH 5D, 05 LoHBEEL
LT, S.marcescens & P.aeruginosa D32\,

Ih b7 7 ABRERFEITERAT Fiq, BR, "EERZR
HERE, B D2 ENLSHEShD I L%
by, ERBESL LTI, ERRENEL, ARFN
%, EREE, I3T—FTAEBOBRENLLIIL
HEaEEEh, BRREERTHLZ ENE,

III. PCRZFICEDASAB-4-5087—F
EEEDEE ‘

IMP-1B A ¥ u-g-5 7 F~—¥&E2—FT58
{EF 2188 L T E T % 05 PCR (polymerase chain
reaction) #5 T 5, DNA DK, 7=—1 7,
Tag RV AT —¥RIGERVIETZ &ITLY, HE
@ DNAEXSETHL 2 FFRE T 100 TE £ TH
EANTETHSD, =0 PCREREICEKDORET
ELRY ARDR, M, SEROEER, HHVIX
b B, EERREBE, v/ 377 X<
7Y OREICFIRS TS,

FINSIZLVBREESNIMP-18IA ¥ o-p~5 7
&= —F¥ka— Kt 238G (blame) OEEKE T
EHLEIETIA v —RER L, BEELRIR2OT
SAv— L RIGEHICTPCREG:2ITTo T3,
BUG &g —=A¥ A 7 7 —OBEICL>TET
Ripb, ZTOPCREMLp DA XThD,
IMP-1 8 A # u-g-5 7 ¥ v —¥GEE L IRHEE
ESKBEE LT (E3), 2L, AFr-g-5
v Ev—PELAHENBTXTCPCRETRETESD
TR, BEANN N2 TWD,

—f 11—

blamr |
primer 1 )
— P SgTbpOPCREY
-
primer 2
primer 1 5 ACCGCAGCAGAGTCITTGCC -3'
primer2  5'- ACAACCAGTTTTGCCTTACC -¥
BT K 30 pl
10 X buffer 5 pl
dNTP 4 ul
primer 1 05 ¢l
primer 2 0.5 gl
Taq polimerase 0.25 x|
DNA template 10 p1 Total 5041
{ DNA template D §7% )

MacFarland 0.5 @R E - L= % 100°C, 1045
BA L, 47T, 13,000rpm T 5 5 ME LT 5,
TOLEERERS D,

1. denature 94°C 243 —

2. denature 94°C 14 —
anealing 55°C 14—
extension 72°C 1433
(30 A 2 )

3. extension 70°C 54¥

4, 4°C

H2 IMP-1¥Xx420-8-3947—CFRIEFRED
TS 42— PCREEEE, Y—I L1405
—DRE

E—ICRGBROEERD D, REERZSOHE
TREEFAOER TPCREEN I F Wiy
FH L LIEARABNE, EHEOLOBERITo>-TVWER
A ER L AEEEDBEEE 5 < PCRER
BEELRVWIERHD, ZTOHAICIIEDNARE
BIc XL Thh PCRERITRHEAETS Z
EhhAM»EMTH S, FICHERRR PCR ES A
AL, BEEKBE LEBEOOA FREETE
BWIERHB, FTOBAIE, T=—V - 7RE
FLoLLE-FTERTHE LIEBFREEDPBLTS
BEbLH D,

EICREILIR NN DZZETHL, EERI
i1 #iEH7 9 2000 5 3000 BOERRMI?D,
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1. AHind III, 2. negative control,
3, 4. metallo-Z-lactamase =4 # (S. marcescens)
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I TY OE X o2 Fitbhbh®d
MR LA T ol rBEERLL
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aridmonTwz, SEANLAT PEEEL Y 2-
ANBT R TR ECAEBOFR LB EEEESY
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EREECRIATA L ERRDE, - ANIT T
pEAvEIRAAS T FE-SH 2L oFF— b E
YD—BTHY, BEREOBRETHD, ZORMIE
OEEE (L) L 2-ANH T e 4 VEBEOBE
AT (EE)., ZOFEOREBII2-ANIT T
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WA FT-f-5 7 Fv—EDOFEXEPLOEBICES
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ML, BEL-HEHEO dsk £ OBICEER
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A AFu-pg-SrEv—YIEER
(Ps. aeruginosa)

B. A u-p-5 0 F=w—YELHE
(E. coli)

6 2-AjLh T FREA VEMPA FRVE disk RISk D A4 0--5 0 57—V FEE
B () LEEE (B O disk FREUEIC £ S '
A Adu-g-Fry<w—VIEEEHE T, 1&20HREBED disk DEBEOHRICELEE

DL,

B. A& u-f-5 7 #~v—EELEEH T, BEAMOEEIC LY 3OHEMO disk HEOER &
L, 40 disk DEROEROTEL REESLELELT S,

L BREAE BT CAZ o disk & ZE disk (E - iTiE
MR BB, 2-ANDT Mo A EITERE
OEEROT, Bl hicBWEED diskizw A Z
Bty FEBWT2~3ul ML, 37°CIC—&EHE
TBH, AAu-f-7 7 Fv—CHELEFTILZ OO
CAZ @ disk ?EABEOERFHELFOHRIIFRL TH
A%, A¥u-f-F 7 Fv—EELABHTHE, BEH
o disk OEED CAZ @ disk RBEOFEEHILH D
ok & BB s CAZ o disk OEBOBRARE
RHEDHBEERIND (E6), ZOFEIREETO
LI AFELAYOIMP-1RIAFu-g-5 7 F=—F
FEEETHATHY (A7), IMP-1EEADAF B
-f-5 7 Fw—ETHEATRETH D,

7272 L, $EER AmpC R f-F 7 ¥ v —E R R
ICEEA LTV AT, CAZ disk &9 IPM disk @
FRiEoE D L L-BESELNDZEELE N, B
BES L LT, 2-AND T PP e O BRI ERY
ThDHEwl, BEREOCHICEDLRZTAERS
I EBETOND,

UEsSRAB, CAp-F7 Fv—YEEROENS
wEk~f, 75 RA, B, C -7 e—CEL
HOEROTHNEFESIRT,

V. BEOCEREEMIETS
ARO--T0ZI—EEEREDRR

ERTHE SN IMP-1EA Y 0-f-5 7 57—
Y EE (blame) 1145 < OREGEEMEOERTE T
S AT F(Rplasmid) THFEFELTE Y, S HICHHE
HOBEFI Ty FBERA T o il
IIBLTWAZ ERBLERER>TWAY, £
Frmw e A T IS —EI L) BRI

MR Y OBREF Iy FAERT AN LR

SIBETH S {E),

DA TV icEbR i IMP-1BIA Fu-f-
58w —PBETF Glame) h v Mz EHIZRE
EEEFZAIFLLEBEHETHD, 20
IMP-1 B A # 0-f-5 & ¥ =—FIIREE TIZAR
TLAERENTE LT, Hirakata 5HI3FHEBRATO
IMP-1 ®FE £ RE LEIF K PRIE T ARRFRHE D
BAabhiphsl ERELTWAY, L, s
ZHOEFEROBEMNICOBE IR TEY, ®,
FEZENETH D AT AT Y 7 LJEEERED
HMERZITLDH TV D, EETHE, Woodford 528
AFo-g-5 7 8w —VYESRBHEIBELTE
N &Y 7T Comaglia bitk VEBENHDY,
Koh iy HR—NZBIT 5 K pneumoniae T
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Klebsiella pneumonine

Proteus vulgalis

Serratia marcescens

Ps. fluorescens

Fs. putida

E7 %E75AE&E§KHH6}fwhﬁbjmETV&E;%M%%%&@E&%@M&
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