




cause this chemical agent blocked IMP-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, including S. marc-
escens MKDM17, Klebsiella pneumoniae MKD115, and P.
aeruginosa MKAM12, while no distinct change in the appear-
ance of the growth-inhibitory zone was observed for CAZ-

resistant strains producing AmpC or SHV-12 (Fig. 1). Of 3,222
S. marcescens isolates and 2,533 P. aeruginosa isolates, 141 and
88 isolates carrying blaIMP, 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 S. 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-mercaptoacetic 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 CuCl2 and FeCl2 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. HgCl2 itself has rather strong bactericidal activity and

FIG. 3. (A) Inhibitory effects of FeCl2 on IMP-1 producers and non–IMP-1
producers. A slight expansion of growth-inhibitory zones between two disks was
observed for all three IMP-1 producers (arrowheads). No change in the shape of
the growth-inhibitory zone was evident 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 ml
of 500 mM EDTA solution was added to the filter.
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yielded better results than CuCl2 and FeCl2 in the preliminary
tests. However, the use of Hg21 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 mg/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 b-lactam disk can be used in this test, but
IMP-1 producers usually demonstrate various levels of resis-
tance to imipenem (IPM) (MIC, 4 to .128 mg/ml). However,
the inhibitory effect of thiol compounds tends to be ambiguous,
especially in strains that demonstrate reduced susceptibility to
IPM (MIC, 4 to 8 mg/ml) 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. pneumoniae 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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