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Abstract The susceptibility of 3233 strains of Pseudomonas
aeruginosa, isolated primarily in 2001, as agents of infection
at 37 medical institutes with various specialties in seven
regions of Japan (ranging from Hokkaido to Kyushu/
Okinawa), to 18 antipseudomonal agents known to be ac-
tive against P. aeruginosa was evaluated, in accordance with
the National Committee for Clinical Laboratory Standards
(NCCLS) guidelines. Of the 18 antipseudomonal agents,
including some combinations of �-lactamase inhibitors and
antibacterial agents, ciprofloxacin had the lowest minimum
inhibitory concentration (MIC)50 (0.25µg/ml) against P.
aeruginosa, followed by meropenem, with an MIC50 of
0.5µg/ml. The MIC50 of 7 of the examined antibacterial
agents (ceftazidime, cefozopran, imipenem, biapenem,
gentamicin, tobramycin, and levofloxacin) was between 1
and 2µg/ml. Among the antipseudomonal agents tested,
tobramycin showed the lowest MIC90 (2µg/ml), which was
not significantly different from its MIC50 (1µg/ml). The
MIC90 of the other antibacterial agents examined ranged
from 8 to 64µg/ml and more. The susceptibility of the 3233
strains to the 12 antibacterial agents covered by the NCCLS
guidelines was determined according to the standard
method of the NCCLS guidelines. The frequency of strains
resistant to meropenem, gentamicin, or tobramycin was
relatively low (7.5%–8.3%). The frequency of strains show-
ing intermediate to severe resistance to tobramycin was
particularly low (8.0%). The frequency of strains resistant
to aztreonam, imipenem, or levofloxacin was 16.7%–19.0%,
about twice as high as the frequency of strains resistant to
tobramycin. The susceptibility pattern of the 3233 strains
(isolated from seven regions of Japan) to five antibacterial
agents (ceftazidime, piperacillin, imipenem, gentamicin,
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and ciprofloxacin) was evaluated in relation to the regions
from which they were isolated. The MIC50 values of these
antibacterial agents did not differ significantly among the
regions. However, the MIC90 values of ceftazidime and gen-
tamicin were higher for strains isolated from the Kansai
region than for strains isolated from other regions. The
MIC90 of ciprofloxacin was higher for strains isolated from
the Tohoku, Kansai, and Kyushu/Okinawa regions than for
strains isolated from other regions. Of the 3233 strains,
89 were classified as multiple-drug-resistant (imipenem,
gentamicin, and ciprofloxacin) strains. Of these 89 strains,
42 were isolated from urine, 17 from sputum or pharyngeal
mucus, 13 from pus, 8 from blood, 1 from cerebrospinal
fluid, and 8 from other specimens. The frequency of
multiple-drug-resistant strains was higher among strains
isolated from the Tohoku and Kansai regions than in
strains isolated from other regions.

Key words Pseudomonas aeruginosa · Susceptibility ·
Multi-drug-resistant · Epidemiology

Introduction

Pseudomonas aeruginosa is an important opportunistic
pathogen in patients managed at various medical and surgi-
cal specialist institutions. Numerous studies from Europe
and the United States have reported P. aeruginosa as a
respiratory pathogen in patients with cystic fibrosis.1,2 In
immunocompromised hosts with intractable P. aeruginosa
infection, the resistance of P. aeruginosa to treatment is not
mediated by ordinary mechanisms3,4 (development of direct
resistance to antibacterial agents), but by other mecha-
nisms, such as the formation of a biofilm at the site of
infection,5 transformation of the pathogen into a mucoid
type of P. aeruginosa,6 diverse changes in the surface struc-
tures of P. aeruginosa,4 and infection with multiple organ-
isms.7 Efforts to develop effective antibacterial agents
against P. aeruginosa have continued over the years. While
many antibacterial agents of various families effective
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against P. aeruginosa have been introduced for clinical use,
P. aeruginosa has rapidly developed resistance to these an-
tibacterial agents, via various mechanisms.8–10 Furthermore,
the antibacterial activity of the available agents against P.
aeruginosa is therapeutically inferior as compared to that
against other organisms. Thus, further advances in chemo-
therapy against P. aeruginosa infection would be highly
desirable.

Under such circumstances, the Pseudomonas aeruginosa
Epidemiological Research Group (PER2001) was orga-
nized for epidemiological surveys of the current status of P.
aeruginosa infection in Japan. The group collected fresh
clinical isolates of P. aeruginosa from the clinical microbiol-
ogy laboratories at 37 institutes nationwide and tested their
susceptibility to the available antipseudomonal agents. The
results varied greatly, both among the different institutes
and depending on the time of the survey. This epidemio-
logical analysis of susceptibility was expected to reveal the
current status of P. aeruginosa infection and to provide
useful data for the selection of the optimal antibacterial
agents for treating this infection in the clinical setting, as
well as providing data that could lead to the development of
new antibacterial agents effective against P. aeruginosa.

Materials and methods

Test strains

A total of 3233 Pseudomonas aeruginosa isolates from pa-
tients with pseudomonal infectious disease were tested. The
isolates were collected from 37 hospitals in Japan, mainly in
2001. P. aeruginosa isolates were stored at �70°C in skim
milk until they were used. The details of institutions that
participated in this study are shown in the Appendix.

Antimicrobial susceptibility

The determination of the minimum inhibitory concentra-
tions (MICs) of ceftazidime (CAZ), cefozopran (CZOP),
cefoselis (CFSL), cefpirome (CPR), cefepime (CFPM),
sulbactam/cefoperazone (SBT/CPZ), tazobactam/
piperacillin (TAZ/PIPC), piperacillin (PIPC), aztreonam
(AZT), imipenem (IPM), meropenem (MEPM), pani-
penem (PAPM), biapenem (BIPM), gentamicin (GM), to-
bramycin (TOB), isepamicin (ISP), ciprofloxacin (CPFX),
and levofloxacin (LVFX) was done by the broth dilution
method according to the National Committee for Clinical
Laboratory Standards (NCCLS) guideline M7-A5.11 A
microbroth dilution method was performed with a
FrozenPlate (Eiken Chemical, Tokyo, Japan).

The isolates were inoculated onto CLED medium
(Oxoid, Hampshire, UK), and incubated for 18–48h at 35°C.
Mueller Hinton broth (MHB) suspension of a test strain,
equivalent to 0.5 McFarland standard (containing 108 CFU/
ml), was prepared from a subculture of Trypticase soy agar
(Nippon Becton Dickinson, Tokyo, Japan), and was diluted
ten times with MHB. A 5µg/ml volume of diluted suspension

was added to each well (5 � 104 CFU/well) of the plate, and
the cultures were incubated at 35°C, for 16–20h. The MIC
was defined as the lowest concentration of the antibiotic
which completely inhibited bacterial growth.

Interpretive standards were according to the NCCLS
M100-S11.12 The interpretive standard used for SBT/CPZ
was that used for CPZ.

Multi-drug-resistant (MDR) strains were defined ac-
cording to the “Law Concerning the Prevention of In-
fections and Medical Care for Patients with Infections”
administered by the Japanese Ministry of Health, Labour,
and Welfare; that is, MDR strains were resistant to IPM,
amikacin (AMK; as a substitute for GM), and CPFX.

Pulsed-field gel electrophoresis (PFGE)

PFGE for the 89 strains found to be MDR was performed
according to the method described by Takigawa et al.13 The
isolates, embedded in agarose gel, were lysed and the bacte-
rial proteins were digested. After the DNA was digested
with the restriction enzyme Spe I (Takara Shuzo, Shiga,
Japan) at 37°C for 8h, the resulting fragments were
separated with a pulsed-field gel electrophoresis system
(CHEF-DRII; Bio-Rad Laboratories, Hercules, CA, USA).
Lambda Ladder (Bio-Rad Laboratories) and Saccharomy-
ces cerevisiae chromosomes (Bio-Rad Laboratories) was
used as the DNA size standard. The following conditions
were used: 1% agarose gel, pulse time, 5–30s; voltage,
200V; electrophoresis time, 20h. After the gels ware stained
with ethidium bromide, the chromosomal DNA patterns of
different strains of P. aeruginosa were classified according
to Tenover’s criteria.

Metallo �-lactamase

The metallo �-lactamase production of P. aeruginosa
isolates was tested using Metallo �-lactamase SMA (Eiken
Chemical).14

Results

Susceptibility of P. aeruginosa to antipseudomonal agents

Table 1 summarizes the susceptibility of the 3233 strains of
P. aeruginosa to 18 antipseudomonal agents, including two
combinations of a �-lactamase inhibitor and antibacterial
agent. Of all the antibacterial agents examined, CPFX
showed the highest antibacterial activity, with an MIC50 of
0.25µg/ml, followed by MEPM (MIC50, 0.5µg/ml). The
MIC50 values of 7 of the antibacterial agents examined
(CAZ, CZOP, IPM, BIPM, GM, TOB, and LVFX) ranged
from 1 to 2µg/ml. The other nine antibacterial agents
(CFSL, CPR, CFPM, SBT/CPZ, TAZ/PIPC, PIPC, AZT,
PAPM and ISP) had lower activity than the above-
mentioned antibacterial agents, with the MIC50 ranging
from 4 to 8µg/ml.
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Of all the antipseudomonal agents tested in this study,
TOB showed the lowest MIC90 (2µg/ml). In addition, the
MIC50 of TOB (1µg/ml) differed only slightly from its
MIC90. The second lowest MIC90 was recorded for MEPM
and GM (8µg/ml). The MIC90 of the other antibacterial
agents ranged from 16 to 64µg/ml and more.

Frequency of antipseudomonal agent-resistant strains

The susceptibility of the 3233 isolates of P. aeruginosa to the
12 antipseudomonal agents covered by the NCCLS guide-
lines was evaluated. Table 2 shows the frequency of strains
resistant to each of these agents, and also shows the distri-
bution of strains with intermediate resistance and suscep-
tible strains. The frequency of strains resistant to GM, TOB,

or MEPM was relatively low (7.5%, 7.7%, and 8.3%, re-
spectively), and the frequency of strains resistant to TAZ/
PIPC was 9.5%. Of the 3233 strains, fewer than 10% were
resistant to all 4 of these antibacterial agents. On the other
hand, the frequency of strains resistant to AZT, LVFX, or
IPM was about twice as high as that of strains resistant to
the above-mentioned 4 antibacterial agents (16.7% to AZT,
17.4% to LVFX, and 19.0% to IPM). The frequency of
strains resistant to the remaining 5 antibacterial agents
(CFPM, SBT/CPZ, CAZ, PIPC, and CPFX) ranged from
10.7% to 14.4%.

The frequency of strains with intermediate, was resis-
tance lowest for TOB (0.3%), followed by that for CAZ
(3.2%), CPFX (3.3%), and IPM (4.8%). The frequency
of strains resistant to TAZ/PIPC and PIPC, for which no
standards of evaluation for intermediate resistance were
available, was 9.5% and 12.3%, respectively. Thus, the
frequency of intermediate or more resistant strains was
lowest with TOB (8.0%), and second lowest with GM
(13.8%); these frequencies for CAZ, MEPM, CPFX, and
CFPM were under 20% (15.3%–18.6%). The frequencies of
strains susceptible to AZT, LVFX, IPM, and SBT/CPZ
(68.0%–77.7%) were slightly lower than those for the other
antibacterial agents.

Antibacterial susceptibility of strains isolated from
respiratory tract and blood or cerebrospinal fluid

Table 3 shows comparisons of the susceptibilities of the
1059 strains isolated from the respiratory tract and 336
strains isolated from the blood or cerebrospinal fluid to the
18 antipseudomonal agents. The MIC50 values of each
antipseudomonal agent for the two groups of isolated
strains were similar. That is, susceptibility to the antip-
seudomonal agents did not differ between the two groups of
isolates. As shown in Table 3, the lowest MIC50 of MEPM
was 0.5µg/ml, for both groups of isolates, and the lowest
MIC50 of CPFX was 0.5µg/ml for the strains isolated from
the respiratory tract and 0.25µg/ml for the strains isolated
from blood or cerebrospinal fluid. The MIC90 of
the antipseudomonal agents differed little between the
two groups. The MIC90 of TOB was lowest among the
antipseudomonal agents tested (2µg/ml for the strains iso-
lated from the respiratory tract and 4µg/ml for the strains
isolated from blood or cerebrospinal fluid).

Comparison of the susceptibility of isolates of
P. aeruginosa from seven regions of Japan to
five antibacterial agents

Table 4 shows the MIC50 and MIC90 values of five antibacte-
rial agents (CAZ, PIPC, IPM, GM, and CPFX) for the 3233
strains of P. aeruginosa isolated at 37 medical institutes with
different specialties, from seven regions of Japan (from
Hokkaido to Kyushu/Okinawa). The MIC50 of CAZ (2–
4µg/ml) for the isolates differed little among the seven
regions. However, the MIC90 of CAZ was higher for strains
isolated from the Kansai region (128µg/ml) than for strains

Table 1. Susceptibilities of Pseudomonas aeruginosa (3233 isolates) to
individual antipseudomonal drugs

Drug MIC range MIC50 MIC90

Ceftazidime 0.12–�128 2 32
Cefozopran �0.06–�128 2 16
Cefoselis �0.5–�64 8 64
Cefpirome �0.5–�64 8 64
Cefepime 0.12–�128 4 32
Sulbactam/Cefoperazone �0.5–�64 8 64
Tazobactam/Piperacillin �0.5–�64 8 64
Piperacillin �0.5–�64 8 �64
Aztreonam �0.25–�32 8 32
Imipenem �0.06–�128 2 16
Meropenem �0.06–�128 0.5 8
Panipenem �0.06–�128 8 32
Biapenem �0.06–�128 1 16
Gentamicin �0.12–�128 2 8
Tobramycin �0.12–�16 1 2
Isepamicin �0.5–�64 4 16
Ciprofloxacin �0.06–�128 0.25 16
Levofloxacin �0.25–�32 1 32

MIC, µg/ml

Table 2. Drug resistance among Pseudomonas aeruginosa isolates
(3233)

Drug Susceptible Intermediate Resistant

Ceftazidime 84.7 (2739)a 3.2 (103) 12.1 (391)
Cefepime 81.4 (2633) 7.9 (255) 10.7 (345)
Sulbactam/

Cefoperazone 77.7 (2511) 11.4 (368) 10.9 (354)
Tazobactam/

Piperacillin 90.5 (2925) – 9.5 (308)
Piperacillin 87.7 (2834) – 12.3 (399)
Aztreonam 68.0 (2198) 15.3 (495) 16.7 (540)
Imipenem 76.2 (2463) 4.8 (156) 19.0 (614)
Meropenem 84.5 (2731) 7.2 (233) 8.3 (269)
Gentamicin 86.1 (2784) 6.3 (205) 7.5 (244)
Tobramycin 91.9 (2972) 0.3 (11) 7.7 (250)
Ciprofloxacin 82.2 (2658) 3.3 (108) 14.4 (467)
Levofloxacin 73.3 (2370) 9.3 (300) 17.4 (563)

Interpretive criteria were defined according to NCCLS M100-S11
a Percentages, with numbers of isolates in parentheses
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isolated from the other regions (16–64µg/ml). The MIC50

and MIC90 of PIPC ranged from 8 to 64µg/ml and more,
with no marked differences being observed for strains iso-
lated from different regions. There were also no significant
differences in the MIC50 values of IPM (MIC50, 2µg/ml;
MIC90, 16–32µg/ml) among the different regions. The MIC50

of GM was 2µg/ml for the strains isolated from each region,
but the MIC90 of this antibacterial agent was markedly
higher for the strains isolated from the Kansai region (64µg/
ml) than for the strains from other regions (8–16µg/ml).
The MIC50 of CPFX was similar (0.25–0.5µg/ml) for strains
isolated from each region, but the MIC90 of this antibacte-
rial agent was highest for strains isolated from the Kansai
region (64µg/ml), and the MIC90 was higher for strains
isolated from the Tohoku and Kyushu/Okinawa regions
(32µg/ml) than the values for strains isolated from the other
four regions (4–8µg/ml).

Frequency of MDR strains and PFGE patterns

Table 5 shows the frequency of MDR strains among the
3233 clinical isolates, according to the clinical sources from
which they were isolated. Of the 3233 strains, 89 (2.8%)
were MDR. The most frequent source of MDR strains was
urine (42 strains; 47.2%), followed by the respiratory tract
(sputum and pharyngeal mucus, 17 strains; 19.1%), pus (13
strains; 14.6%), blood (8 strains; 9.0%), cerebrospinal fluid
(1 strain; 1.1%), and others (8 strains; 9.0%).

Table 6 shows the frequency of isolation of MDR strains
in each of the seven regions of Japan, and the PFGE pat-
terns of such strains. The largest number of MDR strains
was isolated from the Kanto region (39 of 89 strains;
43.8%). The frequency of detection of such strains was
highest in strains from the Kansai region (4.8%), followed
by the Tohoku region (3.9%), while the percentage was

Table 3. Susceptibilities of Pseudomonas aeruginosa isolated from respiratory tract and blood, or
cerebrospinal fluid specimens

Drug MIC50 MIC90

Respiratorya Blood or CSFb Respiratory Blood or CSF
(1059)c (336) (1059) (336)

Ceftazidime 2 2 32 32
Cefozopran 2 2 16 32
Cefoselis 8 8 64 64
Cefpirome 8 8 64 64
Cefepime 4 4 16 32
Sulbactam/

Cefoperazone 8 8 32 64
Tazobactam/

Piperacillin 8 8 64 64
Piperacillin 8 8 �64 �64
Aztreonam 8 8 32 32
Imipenem 2 2 16 32
Meropenem 0.5 0.5 8 16
Panipenem 8 8 32 32
Biapenem 1 1 16 16
Gentamicin 2 2 8 8
Tobramycin 1 1 2 4
Isepamicin 4 4 16 16
Ciprofloxacin 0.5 0.25 4 8
Levofloxacin 1 1 8 16

MIC, µg/ml
a Respiratory tract specimen
b Blood or cerebrospinal fluid specimen
c No. of isolates

Table 4. Susceptibility of Pseudomonas aeruginosa isolates from seven regions of Japan to five antipseudomonal drugs

Region (no. of isolates) Ceftazidime Piperacillin Imipenem Gentamicin Ciprofloxacin

MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90 MIC50 MIC90

Hokkaido (224) 2 32 8 �64 2 16 2 8 0.25 4
Tohoku (439) 2 32 8 �64 2 16 2 16 0.5 32
Kanto (1341) 2 16 8 �64 2 16 2 8 0.25 8
Chubu (340) 2 32 8 �64 2 16 2 8 0.5 4
Kansai (126) 4 128 8 �64 2 16 2 64 0.5 64
Chugoku/Shikoku (372) 2 64 8 �64 2 32 2 8 0.5 8
Kyushu/Okinawa (391) 4 32 8 �64 2 32 2 8 0.5 32

MIC, µg/ml
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lowest in the Chubu region (0.9%; 3 strains). The PFGE
pattern differed among all the 3 strains isolated in the
Chubu region. The two resistant strains isolated from the
Hokkaido region had the same PFGE pattern, which dif-
fered from that of the strains isolated from the Chubu re-
gion. Some of the MDR strains isolated from other regions
showed somewhat similar patterns, but not all of the pat-
terns were identical.

Metallo-�-lactamase production

Of the 614 IPM-resistant strains, 48 (7.8%) were demon-
strated to be positive for metallo-�-lactamase production,
using an SMA disk.

Discussion

Although P. aeruginosa is ubiquitously distributed in na-
ture, it is a nosocomial pathogen responsible for infection in
immunocompromised hosts. Aminoglycosides were first
known as the most effective antibacterial agents against P.
aeruginosa infection. Subsequently, �-lactam antibiotics of
various families were developed to treat infections caused
by P. aeruginosa. More recently, fluoroquinolones, all of
which exert varying degrees of activity against P.
aeruginosa, have been introduced clinically for the control
of P. aeruginosa infection. In many cases, however, the
activity of the antibacterial agents against P. aeruginosa in

vitro was lower than that against other Gram-negative
bacilli. Furthermore, P. aeruginosa rapidly developed resis-
tance to these antibacterial agents via diverse and complex
mechanisms,3,4,8–10,15 as mentioned above, e.g., by the forma-
tion of a biofilm11 or by the development of changes in the
surface structures,4,16 which decreased the antibiotics’ ability
to permeate the intracellular membranes.

For the successful treatment of P. aeruginosa infection,
it is urgent to have adequate evaluation of the efficacy of
currently available agents that are effective against P.
aeruginosa, and to have knowledge of the current status of
the drug resistance. To date, a number of reports have been
published from Japan, as well as from overseas, concerning
the susceptibility of clinical isolates of P. aeruginosa to the
available antibacterial agents. The reported susceptibility
patterns varied greatly depending upon the medical facility
or the region from which the strains were isolated,17 and
depending on the era18 of the surveys. It is suggested that
several factors (e.g., differences in the selection of antibac-
terial agents tested among different institutes, and differ-
ences in the background variables of patients) may affect
the efficacy of antibacterial agents against P. aeruginosa.

In the present study, we evaluated the susceptibility of
3233 strains of P. aeruginosa, isolated from patients at 37
medical institutes, with various specialties, in seven regions
of Japan, to various clinically used antipseudomonal agents.

The MIC50 values of the antipseudomonal agents (ana-
lyzed as an indicator of the antibacterial agents’ efficacy)
against the 3233 strains of P. aeruginosa ranged from 0.25 to
8µg/ml. This range was relatively similar to that (1–8µg/ml)
reported by Hikida et al.19 for four carbapenems (IPM,
PAPM, MEPM, and BIPM), CAZ, and AZT, against P.
aeruginosa strains isolated in the year 2000 (not too long
before the period of the present study). Hikida et al.19 re-
ported that the MIC90 of MEPM was 8µg/ml but that the
MIC90 of the other three carbapenems, CAZ and AZT,
ranged from 16–32µg/ml, consistent with the results of the
present study. In a previous survey, conducted in 1995–1996
at multiple institutes in the vicinity of Fukushima prefec-
ture,20 the MIC50 of three carbapenems (IPM, PAPM, and
MEPM) and three �-lactams (CPR, CAZ, and PIPC)
against 216 strains of P. aeruginosa ranged from 0.78 to
12.5µg/ml; the MIC90 values of these antibacterial agents
against the same 216 strains did not differ markedly from

Table 6. Frequency of isolation and PFGE patterns of multi-drug-resistant Pseudomonas aeruginosa isolates from seven regions of Japan

Region (no. of isolates ) No. of MDR isolates (%) PFGE pattern (no. of isolates, omit one isolate)

Hokkaido (224) 2 (0.9) 1 (2)
Tohoku (439) 17 (3.9) 2, 3 (2), 4, 5, 6, 7, 8, 9 (4), 10, 11 (2), 12, 13
Kanto (1341) 39 (2.9) 14 (5), 15, 16, 17, 18 (3), 19, 20,

21, 22, 23 (2), 24, 25, 26 (3), 27 (7), 28,
29, 30, 31, 32, 33, 34 (2), 35, 36

Chubu (340) 3 (0.9) 37, 38, 39
Kansai (126) 6 (4.8) 40 (2), 41 (4)
Chugoku/Shikoku (372) 10 (2.7) 42 (4), 43 (3), 44 (2), 45
Kyushu/Okinawa (391) 12 (3.1) 46 (3), 47, 48 (5), 49, 50, 51

Total (3233) 89 (2.8)

Multi-drug-resistant (MDR), resistant to imipenem, gentamicin, and ciprofloxacin

Table 5. Frequency of multi-drug-resistant Pseudomonas aeruginosa
strains according to source of clinical specimen

Specimen No. of isolates Percentage

Urine 42 47.2
Sputum/Pharyngeal mucosa 17 19.1
Pus 13 14.6
Blood 8 9.0
Cerebrospinal fluid 1 1.1
Other 8 9.0

Total 89 100

Multi-drug-resistant (MDR); resistant to imipenem, gentamicin, and
ciprofloxacin. There were 89 MDR isolates among the 3233 isolates
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the result obtained in the present study. However, Sasaki
et al.,21 who analyzed the annual changes in the frequency
of strains resistant to IPM, CAZ, and GM among strains of
P. aeruginosa isolated from inpatients at a surgical facility,
reported that the frequency of resistant strains varied
greatly from year to year, and they concluded that sur-
rounding factors (antibacterial-therapeutic strategies, etc.)
could strongly affect the development of P. aeruginosa re-
sistance to antibacterial agents.

A remarkable finding in the present study was that the
frequency of strains resistant to GM, TOB, and MEPM
among the 3233 strains was relatively low (7.5%–8.3%).
The exact cause for this finding is unclear, but it may due to
the recent trend of a decrease in the use of aminoglycosides
for the treatment of P. aeruginosa infection, with the devel-
opment of a wide variety of other antibacterial agents effec-
tive against P. aeruginosa infection. The low frequency of
MEPM-resistant strains may reflect the increasingly wide-
spread use of IPM in recent years against IPM-resistant
P. aeruginosa. Of the 614 strains resistant to IPM, only
48 strains (7.8%) tested positive for metallo-�-lactamase
production. But, special attention should be paid to the
frequency of P. aeruginosa that produced this enzymes.

There was little difference in the MIC50 or MIC90 values
of the 18 antipseudomonal agents for strains isolated from
the respiratory tract (sputum pharyngeal mucosa) and those
isolated from blood or cerebrospinal fluid. Of the 89 MDR
strains identified, 47.2% were isolated from urine, 19.1%
from sputum and pharyngeal mucus, 14.6% from pus, and
9.0% from blood. MDR strains were most often isolated
from urine, probably reflecting changes in the susceptibility
of viable P. aeruginosa, which are often exposed to high
concentrations of these antibacterial agents in patients with
urinary tract infections. Burns et al.6 investigated the sus-
ceptibility of 498 P. aeruginosa strains isolated from pa-
tients with cystic fibrosis in the United States, and reported
high percentages of strains showing resistance to antibacte-
rial agents (about 50% showing resistance to GM, PIPC,
CAZ, or AZT, and 26%–39% showing resistance to CPFX,
IPM, or MEPM), as compared to the data obtained from
the institutes with various specialties in the present study. It
seems likely that the long-term treatment of these patients
with cystic fibrosis with antibacterial agents may be respon-
sible for the changes in susceptibility and the development
of resistance by P. aeruginosa to these multiple antibacterial
agents.

We found that the MIC50 values differed little among the
different geographical regions in this study, although the
values for some of the antibacterial agents (CAZ, GM, and
CPFX) were higher for strains isolated from the Kansai
region, whereas those for others were higher for strains
isolated from the Tohoku and Kyushu/Okinawa regions.
The frequency of MDR strains was higher in the Kansai
region (4.8%) than in the other regions of Japan. The exact
cause of this difference is unknown, but it may be related to
differences in various surrounding factors (antibacterial-
therapeutic strategies, etc.) among the different institutes.
Of the 3233 strains of P. aeruginosa, 89 strains (2.8%) were
resistant to multiple antibacterial agents. The frequency of

the MDR strains differed among the different regions; it
was the highest (that is, 4.8%) in the Kansai region, a value
which was about five times higher than the lowest percent-
age (0.9%) recorded in the Hokkaido and Chubu regions.
When the 89 MDR strains were subjected to PFGE, 51
different PFGE patterns were observed. Some strains
showed identical patterns; however, strains isolated from
each region, excluding the two isolated from the Hokkaido
region, showed variable PFGE patterns. The two strains
isolated from the Hokkaido region showed an identical
PFGE pattern (both isolated from the same institute). This
regional specificity of the PFGE pattern suggests that these
MDR strains may have acquired resistance at individual
institutes or in the different regions. However, the fre-
quency of susceptible strains among all the strains tested
(including the MDR strains) ranged widely, from 68.0% (to
AZT) to 91.9% (to TOB). This indicates that, while it may
be difficult, the selection of suitable and efficacious
antipseudomonal agents in the clinical setting is, however,
not impossible. It cannot be overemphasized that the
antipseudomonal activity of each agent in vitro cannot be
directly extrapolated to its use in vivo. When selecting
antipseudomonal agents, it is essential to choose the
most suitable one from among the effective anti-
pseudomonal agents, taking into account the pharmacody-
namic profile of the antipseudomonal agent, its potential to
enter the site of infection, and various other factors (tissue-
invading, etc.).

The results of the present study are expected to facilitate
the development of new combination antibacterial agent
regimens against P. aeruginosa infections, to suppress the
development of resistant strains, and/or to reinforce the
activity of antibacterial agents against resistant strains, via
the efflux mechanism.9,15

Appendix

The medical institutes belonging to PER2001 are as follows.
Hokkaido University Hospital, Sapporo City General

Hospital, Muroran City General Hospital, Aomori Prefec-
tural Central Hospital, Iwate Medical University Hospital,
Tohoku University Hospital, Yamagata University School
of Medicine Hospital, Kosirakawa-Shiseido Hospital,
Yamanashi Prefectural Central Hospital, Gunma Univer-
sity Hospital, Shinshu University Hospital, Niigata Univer-
sity Medical and Dental Hospital, Jichi Medical School
Hospital, Juntendo University Hospital, Toho University
Oomori Hospital, Nihon University Itabashi Hospital,
Surugadai Nihon University Hospital, The University of
Tokyo Hospital, Social Insurance Central General Hospi-
tal, Toshiba Hospital, Tokyo Metropolitan Police Hospital,
Teikyo University Hospital, Tokyo Women’s Medical
University Hospital, Mitsubishi Kagaku Bio-Clinical La-
boratories, The University of Tokyo-The Institute of Medi-
cal Science, Kanto Medical Center NTT EC, Chiba
University Hospital, Tokai University Hospital, Kitasato
University Hospital, Yokohama City University Hospital,
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Nagoya University Hospital, Fujita Health University
Hospital, KKR Meijo Hospital, Tenri Hospital, Kyoto Uni-
versity Hospital, Anjo Kosei Hospital, KKR Otemae Hos-
pital, Osaka General Medical Center, Kobe University
Hospital, Toyama Medical and Pharmaceutical University
Hospital, Kawasaki Medical School Hospital, Okayama
University Hospital, Yamaguchi University Hospital,
Ehime University Hospital, Kagawa Medical University
Hospital, Kochi Medical School Hospital, Saga Medical
School Hospital, Oita Medical University Hospital,
Nagasaki University Medical Hospital, The Chemo-Sero-
Therapeutic Research Institute, University of The Ryukyus
University Hospital, Department of Microbiology, Kitasato
University School of Medicine, and the Department of In-
fection Control and Prevention, School of Nursing Faculty
of Medicine Toho University.
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