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Abstract

Dissemination in Japan of multidrug-resistant Pseudomonas aeruginosa isolates producing

IMP-type metallo-B-lactamases and AAC(6")-lae/AAC(6)-1b.

Although Pseudomonas aeruginosa is intrinsically sensitive to B-lactams (e.g., ceftazidime
[CAZ] and imipenem [[PM]), aminoglycosides (e.g., amikacin [AMK] and tobramycin), and
fluoroquinolones (e.g., ciprofloxacin [CIP] and ofloxacin [OFX]), P. aeruginosa resistant to
these antibiotics has emerged and is widespread. Nosocomial outbreaks of P. aeruginosa
infection, particularly by multidrug-resistant (MDR) strains, have become more frequent in
various countries, including Japan and. MDR P. aeruginosa isolates in Japan frequently
produce IMP-type metallo-p-lactamases (MBLs) and/or aminoglycoside
6’-N-acetyltransferases [AAC(6°)s]-lae and -Ib. We recently designed
immunochromatographic assay kits for the detection of IMP-type MBLs and AAC(6’)-lae
and -Ib. Clinical assessment showed that the results of these immunochromatographic assays
were fully consistent with those of PCR analyses. The aim of the study is to elucidate the
spread of antibiotic-resistance factors in MDR P. aeruginosa isolates throughout Japan.

Bacterial species were identified with the MicroScan WalkAway system and MicroScan
breakpoint panels (Siemens Healthcare Diagnostics, Tokyo, Japan). Drug susceptibility was
determined qualitatively as sensitive (S), intermediate (I) or resistant (R) using MicroScan
breakpoint panels (Siemens Healthcare Diagnostics) consistent with the guidelines of the
Clinical and Laboratory Standards Institute (CLSI). MDR P. aeruginosa isolates were defined
as isolates resistant to imipenem (IPM), amikacin (AMK) and ciprofloxacin (CPFX) using the
breakpoint panels in the study. Minimum inhibitory concentrations (MICs) of CAZ, cefepime
(CFPM), meropenem (MEMP), panipenem (PAPM), doripenem (DRPM), IPM, CPFX,

levofloxacin (LVFX), AMK, and arbekacin (ABK) were determined by a broth microdilution
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method with dry plate (Eiken Chemical Co., Ltd., Tokyo, Japan). Values of MICs at which
50% and 90% of the isolates were inhibited (MIC50 and MIC90, respectively) were
determined.

The distributions of MDR P. aeruginosa isolates producing IMP, AAC(6’)-lac and
AAC(6’)-Ib in 2011 and 2012 are shown in Table 1. Of the 300 isolates obtained during 2011,
170 (56.7%) were positive for the production of an IMP, AAC(6’)-lae or AAC(6’)-Ib. In
comparison, 230 of the 300 (76.7%) isolates obtained during 2012 were positive for the
resistance factors, which was a significant increase over the rate in 2011 (P < 0.01). Of these
positive isolates with at least more than one resistance factor, IMP and AAC(6’)-lae
co-producers were the most prevalent in 2011 and 2012. In addition, these IMP and
AAC(6’)-Iae co-producers significantly increased from 28.7% of all MDR P. aeruginosa
isolates tested in 2011 to 41.7% in 2012 (P < 0.01). Producers with other combinations of

resistance factors did not increase or decrease significantly between 2011 and 2012.

Table 1. Drug resistance factors in MDR P. aeruginosa isolates in Japan.

Drug resistant factors

Year IMP+ AAC(6')-lac  IMP+ AAC(6')-Ib IMP AAC(6")-lae  AAC(6')-Ib Negative Total
2011 86 (28.7%) 48 (16%) 51.6%) 2 (0.6%) 29 (9.7%) 130 (43.3%) 300
2012 125 (41.7%) 54 (18%) 11 (3.6%) 10 (3.3%) 30 (10%) 70 (23.3%) 300

Since most of the MDR P. aeruginosa isolates produced both IMP and AAC(6°)-lae or both
IMP and AAC(6’)-Ib, we compared the drug susceptibility of these isolates in 2012 with that
of the isolates not producing these factors (Table 2). The MIC50 and MIC90 of
cephalosporins and carbapenems were markedly higher for the isolates that did than did not

produce these factors. There were no marked between group differences in the MIC50 and

MIC90 of fluoroquinolones. The MIC50 of AMK, but not ABK, was significantly higher for
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isolates producing both IMP and AAC(6’)-lIae than for other groups. Similar results were
observed for strains isolated in 2011 (data not shown).

Table 2. Drug susceptibility test of MDR P. aeruginosa isolates in 2012.

Drug resistant factors

IMP+ AAC(6')-lae IMP+ AAC(6')-Ib Negative
MIC50 MIC90 MIC50 MIC90 MIC50 MIC90
Antibiotics (ng/ml) (ng/ml) (ug/ml) (pug/ml) (ug/ml) (ug/ml)
Cephalosporin
CAZ >128 >128 >128 >128 8 64
CEPM >128 >128 >128 >128 16 64
Carbapenem
MEPM >128 >128 128 >128 16 64
PAPM >128 >128 >128 >128 32 128
DPRM >64 >64 >64 >64 8 32
IPM 128 >128 128 >128 16 32
Fluorquinolone
CPFX 64 >128 32 128 32 64
LVFX 64 >128 64 128 64 128
Aminoglycoside
AMK 128 128 32 64 32 64
ABK 8 32 16 64 16 64

Our study found that, of MDR P. aeruginosa isolates in Japan, IMP and AAC(6’)-lae
co-producers increased from 2011 to 2012 and showed higher MICs of cephalosporins and
carbapenems than other groups. These producers also showed higher MIC of AMK, not ABK.
These results were supported by a previous report describing that Escherichia coli DHSa

expressing AAC(6’)-Iae was resistant to AMK but not to gentamicin and ABK.
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We recently isolated MDR P. aeruginosa strains producing the novel aminoglycoside
enzymes, AAC(6°)-1af and AAC(6’)-Iaj. Thin-layer chromatographic assay demonstrated that
these enzymes effectively hydrolyzed AMK more effectively. It is necessary to carefully
monitor MDR P. aeruginosa isolates producing IMP-type metallo-f-lactamases, including
novel IMP variants. These variants have been detected in MDR P. aeruginosa isolates, with
one, IMP-43, conferring greater resistance to doripenem and meropenem but not to imipenem.
Use of these immunochromatographic assays has revealed various aspects of MDR P.
aeruginosa prevalence and provided epidemiological information about drug resistance
factors associated with MDR P. aeruginosa. These immunochromatographic assays are
simple methods that can rapidly detect antibiotic-resistance factors and are a useful alternative
to PCR analysis for nationwide surveillance.

Using this rapid detection kit, we have initiated a feasibility study to detect sever blood
infection of bacteria producing IMP, AAC(6°)-Iae or AAC(6)-Ib. Until June 1% 2015, 30 of
blood culture samples, which were positive for Gram-negative bacteria, were tested on the
kits and found that one sample was positive with the kit. We will continue to collect the cases

until the number is sufficient for statistical analysis.
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Table 1

The spread throughout Japan of antibiotic-resistance factors in multidrug-  Regions and sample origins where MDR P qeruginosa strains were obtained in 2011
resistant (MDR) Pseudomonas aeruginosa isolates was investigated and 2012.
epidemiologically, using immunochromatographic assays specific for IMP- A
type metallo-B-lactamases (IMPs) and aminoglycoside 6'-N- Year Hokkaido/ Kanto| Tokai/ Chugoku/ Kyushu/ Total
acetyltransferase [AAC(6')]-lae and -Ib. Three hundred MDR P. aeruginosa Tohoku _ Koshinetsu Hokuriku/Kinki Shikoku Okinawa
isolates were obtained during each of two years, 2011 and 2012, from 190 ;g}; ig H;;i 1:2 E:ig% ;; g;;i EEZ;; f: E;;i ggg
hospitals in 39 prefectures in Japan. The percentage of P. aeruginosa "
isolates producing IMPs, AAC(6')-lae or AAC(6')-Ib increased significantly — —r— r— p— o
from 170/300 (56.7%) in 2011 to 230/300 (76.7%) in 2012, with 134/170
. . . 2011 134 (44.7%) 148 (49.3%) 18 (6%) 300
(78.8%) in 2011 and 179/230 (77.8%) in 2012 producing both IMP and 2012 124 (41.3%) 164 (54.7%) 12 (4%) 300
either AAC(6')-lae or AAC(6')-1b. The MICs of antibiotics, including
cephalosporins and carbapenems, were markedly higher for isolates that
did than did not produce these resistance factors. These results indicated
that MDR P. aeruginosa producing IMPs, AAC(6')-lae or AAC(6')-Ib have
spread throughout Japan and that these antibiotic-resistance factors are
useful markers for monitoring MDR P. aeruginosa in Japan.
Table 2
Drug resistance factors in MDR P aeruginosa isolates in Japan.

Drug resistant factors

Year IMP+ AAC(6')-lae IMP+ AAC(E)-1b IMP AAC(6')-lae AAC(6 )-Ib Negative Total

2011 86(28.7%) 48 (16%) 5(1.6%) 2 (0.6%) 29(9.7%) 130 (43.3%) 300

2012 125 (41.7%) 54 (18%) 11(3.6%) 10 (33%) 30(10%) 70 (23.3%) 300

Three hundred isolates were analyzed in each of two years, 2011 and 2012. Analysis showed that 130 isolates (43.3%) obtained in 2011 and 70 isolates (23.3%) in 2012 were
negative for all the three factors, while 170 isolates (56.7%) and 230 isolates (76.7%), respectively, harbored at least one of the three factors.
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Table 1

The spread throughout Japan of antibiotic-resistance factors in multidrug-  Regions and sample origins where MDR P qeruginosa strains were obtained in 2011
resistant (MDR) Pseudomonas aeruginosa isolates was investigated and 2012.
epidemiologically, using immunochromatographic assays specific for IMP- A
type metallo-B-lactamases (IMPs) and aminoglycoside 6'-N- Year Hokkaido/ Kanto| Tokai/ Chugoku/ Kyushu/ Total
acetyltransferase [AAC(6')]-lae and -Ib. Three hundred MDR P. aeruginosa Tohoku _ Koshinetsu Hokuriku/Kinki Shikoku Okinawa
isolates were obtained during each of two years, 2011 and 2012, from 190 ;g}; ig H;;i 1:2 E:ig% ;; g;;i EEZ;; f: E;;i ggg
hospitals in 39 prefectures in Japan. The percentage of P. aeruginosa "
isolates producing IMPs, AAC(6')-lae or AAC(6')-Ib increased significantly — —r— r— p— o
from 170/300 (56.7%) in 2011 to 230/300 (76.7%) in 2012, with 134/170
. . . 2011 134 (44.7%) 148 (49.3%) 18 (6%) 300
(78.8%) in 2011 and 179/230 (77.8%) in 2012 producing both IMP and 2012 124 (41.3%) 164 (54.7%) 12 (4%) 300
either AAC(6')-lae or AAC(6')-1b. The MICs of antibiotics, including
cephalosporins and carbapenems, were markedly higher for isolates that
did than did not produce these resistance factors. These results indicated
that MDR P. aeruginosa producing IMPs, AAC(6')-lae or AAC(6')-Ib have
spread throughout Japan and that these antibiotic-resistance factors are
useful markers for monitoring MDR P. aeruginosa in Japan.
Table 2
Drug resistance factors in MDR P aeruginosa isolates in Japan.

Drug resistant factors

Year IMP+ AAC(6')-lae IMP+ AAC(E)-1b IMP AAC(6')-lae AAC(6 )-Ib Negative Total

2011 86(28.7%) 48 (16%) 5(1.6%) 2 (0.6%) 29(9.7%) 130 (43.3%) 300

2012 125 (41.7%) 54 (18%) 11(3.6%) 10 (33%) 30(10%) 70 (23.3%) 300

Three hundred isolates were analyzed in each of two years, 2011 and 2012. Analysis showed that 130 isolates (43.3%) obtained in 2011 and 70 isolates (23.3%) in 2012 were
negative for all the three factors, while 170 isolates (56.7%) and 230 isolates (76.7%), respectively, harbored at least one of the three factors.
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