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We determined the optimal antimicrobial in the sodium mercaptoacetic acid double disk synergy test
(SMA-DDST) for the detection of IMP-1-producing Pseudomonas aeruginosa isolates in Japan and eval-
uated the performance of the test.

Fifty-four P. aeruginosa clinical isolates were tested, including 39 IMP-1 producers and 15 non-metallo-
b-lactamase (MBL)-producing carbapenem- and ceftazidime (CAZ)-resistant isolates. The SMA-DDST was
performed with CAZ, cefepime (CFPM), imipenem (IPM), meropenem (MEPM), doripenem (DRPM), or
biapenem (BIPM)-containing disks. The sensitivity of the SMA-DDST with CAZ, CFPM, IPM, MEPM, DRPM,
and BIPM was 39/39 (100%), 36/39 (92%), 18/39 (46%), 8/39 (21%), 19/39 (49%), and 36/39 (92%),
respectively. The specificity was 15/15 (100%) for all SMA-DDSTs. This suggests that the isolates may have
a resistance mechanism other than MBL production for IPM, MEPM, or DRPM. Since the CAZ resistance
mechanism in P. aeruginosa is the same as that of CFPM, but differs from that of carbapenems, we
conclude that combining CAZ with BIPM SMA-DDSTs can prevent any failure in the detection of IMP-1-
producing P. aeruginosa.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
The prevalence of clinical isolates of Pseudomonas aeruginosa
with high-level carbapenem resistance has been on the rise, posing
an increasingly urgent public health concern. Carbepenem resis-
tance is often attributed to the production of carbapenemases,
primarily metallo-b-lactamases (MBLs). The most commonly used
tests for the detection of MBLs include genetic methods, such as the
polymerase chain reaction (PCR), and phenotypic methods, based
on the inhibition of MBL activity by ethylenediaminetetraacetic
acid and a thiol compound or dipicolinic acid in a double-disk
e; CFPM, cefepime; DRPM,
IC, minimum inhibitory con-
ouble disk synergy test.
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synergy test (DDST) [1e3]. In Japan, sodium mercaptoacetic acid
(SMA)-containing disks are commercially available for DDSTs that
require no special device or operation, and are widely applicable in
clinical laboratory testing due to their high economic efficiency and
convenience. Moreover, mechanisms other than MBL production,
such as the efflux system with ampC and oprD expression, have
been shown to elevate the minimum inhibitory concentration
(MIC) of carbapenem in P. aeruginosa [4]. Since the antimicrobials
used in MBL detection should not be affected by mechanisms un-
related to MBL production, selecting the optimal antimicrobial disk
for SMA-DDSTs is crucial. Therefore, the aim of the present study
was to determine which antimicrobial disks to use in SMA-DDSTs
for the detection of MBL-producing P. aeruginosa isolates in Japan.

A total of 54 non-repetitive (one per patient) clinical isolates,
including 39 IMP-1-producing P. aeruginosa and 15 non-MBL-
producing P. aeruginosa, were collected from 11 hospitals (AeK)
us Diseases. Published by Elsevier Ltd. All rights reserved.
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in six prefectures in Japan during 2011e2016. All of them showed
reduced susceptibility to ceftazidime (CAZ), cefepime (CFPM), car-
bapenems, imipenem (IPM), meropenem (MEPM), doripenem
(DRPM), and/or biapenem (BIPM). The background MBL genotypes
were characterized by PCR using a previously reported methodol-
ogy [5,6]. Table S1 summarizes the characteristics of the isolates
tested in this study. SMA-DDSTs were performed according to a
previously published method using the following antimicrobial
disks: CAZ 30 mg/disk, CFPM 30 mg/disk, IPM 10 mg/disk, MEPM 10
mg/disk, DRPM 10 mg/disk, or BIPM 10 mg/disk (Eiken Chemical Co.,
Tokyo, Japan) [7]. Performance of each antimicrobial disk in the
SMA-DDST for the detection of IMP-1-producing P. aeruginosa was
evaluated against PCR as the gold-standard method [5,6]. Sensi-
tivity was calculated from the number of correctly determined IMP-
1-producing P. aeruginosa isolates, whereas specificity was calcu-
lated from the number of correctly determined non-MBL-
producing P. aeruginosa isolates.

Table 1 shows the performance of each antimicrobial disk in
SMA-DDST. While the sensitivity of six SMA-DDSTs ranged from
21% to 100%, specificity was 100% in all tests. Fig. 1 shows the extent
of contribution of SMA to the expansion of inhibition zone pro-
duced by six antimicrobials around the IMP-1-producing isolates.

Although the package insert of the Metallo-b-lactamase SMA
Eiken kit recommends the use of CAZ or IPM disks in the DDST, a
previous study demonstrated compromised detection of MBL-
positive isolates of Enterobacteriaceae by CAZ and IPM SMA-DDSTs,
and increased detection by MEPM SMA-DDSTs [8]. However, only
the performance of CAZ or IPM SMA-DDST in the detection of MBL-
positive P. aeruginosa has been evaluated till date [9,10]. Thus, in this
study,we re-evaluated thedetectionof IMP-1-producingP. aeruginosa
in Japan using selective antimicrobial disks for SMA-DDST.
Table 1
Summary of sodium mercaptoacetic acid double disk synergy test (SMA-DDST) results.

Isolate types (n) Number (%) of positive isolates by the SMA-DDS

Ceftazidime Cefepime Im

IMP-1 producers (39) 39 (100) 36 (92) 1
Non-MBL producers (15) 0 0 0

Abbreviation: MBL, metallo-b-lactamase.

Fig. 1. Expansion of the inhibition zone (mm) by sodium mercaptoacetic acid (SMA) in SM
background represent negative result of the SMA-DDST.
The CAZ SMA-DDST showed 100% sensitivity with stable expan-
sion of inhibition zone by SMA. In P. aeruginosa, CAZ resistance is
usually affected by de-repression of AmpC b-lactamase production;
thus, the IMP-1-producing isolates, tested in this study, might lack
this CAZ-resistance mechanism [4]. However, we believe that iso-
lates that de-repress AmpC b-lactamase production may emerge in
the future. In addition, the CFPM and BIPM SMA-DDSTs also showed
high sensitivities (92%). Since the mechanism of CAZ resistance in
P. aeruginosa is the same as that for CFPM resistance, but is distinct
from that of carbapenem resistance, our results suggest that the
combination of CAZ and BIPM SMA-DDSTs may effectively avoid
cross-resistance and reduce failure to detect isolates having CAZ
resistance mechanisms other than carbapenemase production [4].

In contrast, the IPM, MEPM, and DRPM SMA-DDSTs showed low
sensitivity (<50%), the MEPM SMA-DDST having the lowest. This
finding contradicts the previous study that evaluated the perfor-
mance of SMA-DDSTs for Enterobacteriaceae [8]. Hence, our result
indicated that the optimal choice of an antimicrobial disk for SMA-
DDSTs differs between the evaluation of Enterobacteriaceae and
that of P. aeruginosa. The P. aeruginosa isolates may utilize a
different resistance mechanism for IPM, MEPM, and DRPM, such as
the loss of porin and up-regulation of efflux systems [4,11e13]. In
this context, we believe that the IPM, MEPM, and DRPM SMA-
DDSTs would have reduced utility.

Previous studies demonstrated that BIPM and IPM have similar
effects against P. aeruginosa [11e14]. However, in the present study,
the BIPM SMA-DDST showed higher sensitivity than the IPM SMA-
DDST. Further study would be required to determine the factors
contributing to this difference.

Unfortunately, wewere unable to test more diverse MBL types in
this study owing to the epidemiology related to our region. Hence,
T with:

ipenem Meropenem Doripenem Biapenem

8 (46) 8 (21) 19 (49) 36 (92)
0 0 0

A double disk synergy tests (SMA-DDSTs) using antimicrobials. The zones with grey
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the main limitation of this study was that only MBL-producing
isolates, harboring IMP-1, were tested. Thus, our finding might not
be applicable to other MBL-producing P. aeruginosa strains, such as
those producing VIM or NDM.

In conclusion, our results strongly suggest that IPM, MEPM, or
DRPM SMA-DDSTs are inappropriate for the detection of IMP-1-
producing P. aeruginosa strains. Further, our results indicate that
CAZ, combinedwith BIPM SMA-DDSTs, can prevent failure to detect
IMP-1-producing P. aeruginosa.
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