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(F&#) FL— B XM A S Bl S 7z E. coli
&, BVNRELZREL B-T 7 7 ZFEITTHEZ 7RO
THBY, Bk L LT clavulanate acid/amoxicil-
lin disc (BD®) 2\ TIVTFt A7 v F V=T
A}, sodium mercaptoacetate disk (5HF{L22") %
72 SMA %1572, ZOEE, FHESINh/ZE
coli 1% Extended spectrum B-lactamase (ESBL) 7%
5 U2 metallo-B-lactamase (MBL) Z @A L TWwW5b
LEzbhi.
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PULH 31X, minimum inhibiratory concentration
(MIC) fii #%# 12, meropenem & amikacin % 53
R &GEB L ORSHEE, meropenem 2g
% 3R TS L, amikacin 15mg/kg % &%
REWCID U CHR G- L CiRE 2T o 72, TOME
FEETEBR L, FL— Y HEH A 5 13 Stenotroph-
omonas maltophilia &V EBOHDHRE %Y, 2 HH
THHERRIIR T E L. 2ok, BEEANKNL—
YOANREZ AT S, EIENES L CGE & 1Y
B RLZZDL, FL—=VERETLIENT
&, EFIATED ) NEY ZfElF Tz,

Table 1 10/22 IZ#RI S 7z E. coli D&V

e S IES MIC (ug/mL) 2R
ABPC >=32 R
PIPC >=128 R
CEZ >=32 R
CAZ > =64 R
CMZ >=64 R
CFPM >=32 R
CPZ/SBT >=64 R
AZT >=32 R
MEPM <=1
IPM/CS <=1
AMK =8 S
MINO =8 I
LVFX >=38 R
CPFX >=8 R

ABPC : ampicillin, PIPC : piperacillin, CEZ :
cefamezine, CAZ : ceftazidime, CMZ : ce-
fmetazole, CFPM : cefepime, CPZ/SBT :
cefoperazone/sulbactam, AZT : aztreonam,
MEPM : meropenem, IPM/CS : imipenem/
cilastatin, AMK : amikacin, MINO : minocy-
cline, LVFX : levofloxacin, CPFX : cipro-
floxacin
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CVC : central venous catheter, PICC : peripherally inserted central catheter

Fig. 2 ZHIWED E. coli HHM SN 5 F TORFEERIS L ORI IE
9/1088;t : Escherichia coli/ Enterococcus raffinosus/ Clostridium perfringens/ Bacteroides fragilis
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ABPC : ampicillin, CAZ : ceftazidime, CLDM : clindamycin, CMZ : cefmetazole, CPFX : ciprofloxa-
cin, LZD : linezolid, MCFG : micafungin, MEPM : meropenem, VCM : vancomycin

L2»L, X+1E3H R zHKMsh, < Pseudomonas aeruginosa, Bacteroides fragilis 353t ]
DEED F L F— VHEE A S, FHEEMBL O E. coli FEENTz (Table 2). FLF—I%47000, R
% & O T Klebsiella oxytoca & MBL 9 # 4 @ ~OBAITVE% # %, meropenem 2g  3HERHINT T
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Table 2 JFIREFGERMOREEE - VR

E. coli (MBLs) K. oxytoca (MBLs) P. aeruginosa Bacteroides fragilis
MIC MIC MIC MIC

(ug/mL) (ng/mL) (ng/mL) (ug/mL)
ABPC >=32 R >=32 R >=2 R
ABPC/SBT >=32 R >=32 =1 S
IPM/CS <=1 <=1 =1 S
MEPM <=1 =16 R =4 S =1 S
CLDM >=38 R
MINO =8 I =8 I >=16 R =1 S
PIPC >=128 R >=128 R <=4 S
AMK =4 S <=4 S <=8 S
CFPM >=32 R =8 R =16 I
AZT =16 R =16 R =4 S
LVFX >=38 R >=38 R >=8 R
CPFX >=38 R =4 R >=4 R

MBLs : metallo-B-lactamases, E.coli : Escherichia coli, K. oxytoca : Klebsiella oxytoca, P. aeruginosa :
Pseudomonas aeruginosa, ABPC : ampicillin, PIPC : piperacillin, CEZ : cefamezine, CAZ : ceftazidime,
CMZ : cefmetazole, CFPM : cefepime, CPZ/SBT : sefoperazone/sulbactam, AZT : aztreonam,

MEPM : meropenem, IPM/CS : imipenem/cilastatin, AMK : amikacin, MINO : minocycline, LVFX :

levofloxacin, CPFX : ciprofloxacin
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Three cases of IMP-type metallo-B-lactamase-producing
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Abstract We report three cases of IMP-type metallo-
B-lactamase-producing Enterobacter cloacae bloodstream
infection, which showed minimum inhibitory concentration
values for imipenem with 2 pg/ml in all isolates. Although
carbapenems were initiated empirically in all cases, two of
three cases died. The Clinical and Laboratory Standards
Institute lowered the breakpoints of carbapenems for
Enterobacteriaceae in 2010. However, the previous
breakpoints are still used in many clinical laboratories,
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which can result in failure to detect carbapenem-resistant
Enterobacteriaceae. Therefore, lower breakpoints of car-
bapenems should be used in clinical settings, and alterna-
tive tests for detecting metallo-B-lactamase such as
polymerase chain reaction and immunochromatographic
assays may contribute to better detection of carbapenem-
resistant isolates.

Keywords Metallo-B-lactamase - Carbapenemase -
Enterobacter cloacae - Bloodstream infection

Introduction

Since metallo-B-lactamase (MBL)-producing Enterobacter
cloacae was first reported in 2000, there have been
increasing reports of carbapenem-resistant E. cloacae
worldwide [1, 2]. MBL-producing Enterobacteriaceae,
including E. cloacae, often exhibited relatively low mini-
mum inhibitory concentrations (MIC) of carbapenems
(0.06-2 pg/ml) [3]. Recently, the Clinical and Laboratory
Standards Institute (CLSI) lowered the breakpoints of
carbapenems against Enterobacteriaceae [4]. However,
higher MIC breakpoints are still used in many clinical
laboratories because Food and Drug Administration
(FDA)-approved breakpoints have not been changed,
which can result in failure to detect carbapenem-resistant
Enterobacteriaceae [5]. Furthermore, it is unclear whether
carbapenems are effective against MBL-producing E. cloacae
[2]. Clinical studies to determine appropriate chemothera-
peutic regimens against MBL-producing E. cloacae infection
are required. Here, we report three cases including two
with unsuccessful outcomes of IMP-type MBL-producing
E. cloacae bloodstream infections in a hospital in Japan.
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Case reports

Case 1 was a 91-year-old man who was admitted to the
hospital for cerebral infraction. He developed aspiration
pneumonia on day 20 and was treated with ampicillin/
sulbactam (ABPC/SBT) for 10 days. He developed septic
shock consequent to peripheral venous catheter infection
on day 33, and administration of meropenem (MEM) was
initiated. However, hemodynamic instability persisted, and
blood culture revealed E. cloacae with elevated MIC for
imipenem (IPM) (MIC = 2 pg/ml) and Proteus vulgaris.
MEM was changed to levofloxacin (LVFX) based on the
results of susceptibility testing on day 37. Furthermore,
MBL production was tested using Cica-B-test [6] and an
immunochromatographic assay [7] because of the elevated
MIC for imipenem, which revealed positive. IMP-1 was
confirmed by polymerase chain reaction and sequencing in
our research institute. Although an additional blood culture
was negative for E. cloacae, the patient died on day 40.

Case 2 was a 77-year-old man with type 2 diabetes
receiving insulin therapy. He was admitted to the hospital
for esophageal cancer, and subtotal esophageal resection
and subcutaneous reconstruction were performed. He
developed infection in the cervical wound because of
leakage and received vancomycin and MEM for 36 days,
with subsequent oral LVFX for 1.5 months. Although the
surgical wound infection improved, he had recurrent
aspiration pneumonia. On postoperative day (POD) 105, he
developed bacteremia caused by E. cloacae, which was
possibly caused by central venous catheter infection, and
MEM was commenced on POD 106. The central venous
catheter was removed on POD 109. E. cloacae was still
isolated from blood culture despite 3 days of antibiotic
therapy, and MEM was considered to be ineffective. The
isolate was revealed to be a MBL producer and thus gen-
tamycin was added on POD 116. However, the patient died
on POD 117.

Case 3 was an 88-year-old man with an abdominal
artery aneurysm for which an endovascular graft was
inserted 6 months before admission. He was admitted to
the hospital for colon cancer, and right hemicolectomy was

performed. On POD 3, MEM was initiated for postopera-
tive fever because of surgical site infection. Although his
fever improved on POD 5, blood culture revealed MBL-
producing E. cloacae and Bacteroides sp. Thus, MEM was
switched to LVFX + ABPC/SBT on POD 7. Bacterial
clearance was documented by a follow-up blood culture.
The patient completed a 2-week course of intravenous
antibiotic therapy followed by 2 weeks of oral LVEX +
metronidazole and was discharged.

Drug susceptibility profiles are shown in Table 1. MIC
values for both IPM and MEM were 2—4 ng/ml in all
isolates, which were reported as susceptible in our clinical
laboratory. All the isolates were positive for MBL by
phenotypic, immunochromatographic, and polymerase
chain reaction (PCR) assays. Two isolates produced IMP-1
and the remaining isolate produced IMP-11. There was no
epidemiological link among the three patients.

Discussion

The reduced breakpoints of carbapenems for Enterobac-
teriaceae as revised recently by CLSI should be applied in
clinical laboratories [4]. The MICs of IPM for all Entero-
bacter cloacae isolates from these cases were within the
susceptible range according to the criteria recommended by
CLSI in 2009 [8]. Nevertheless, these isolates were MBL
producers. The breakpoint should have been <1 pg/ml for
IPM in the present cases. CLSI recently recommended
lowering the breakpoints for Enterobacteriaceae to
improve the detection of carbapenemase producers [4].
However, higher MIC breakpoints are still used in many
clinical laboratories, including those in Japan, because
FDA-approved breakpoints have not been changed [5].
These higher breakpoints can lead to underestimation of
the resistance, which may result in inadequate treatment.
Yan et al. [9] recently reported that MBL production was
not correlated with clinical outcomes and thus it was
unnecessary to test MBL routinely. However, they did not
analyze the association between MBL production and
mortality by multivariate analysis. Information is still

Table 1 Susceptibility profiles of MBL-producing Enterobacter cloacae isolates

Isolates MBL typing MIC (pg/ml)
IPM MEM CTX CAZ CPR AZT P/T CIP AMK CLS
1 IMP-1 2 2 512 6 64 64 1 1 2
IMP-11 2 2 32 0.5 64 32 8 2
3 IMP-1 2 4 256 16 32 64 0.5 1 2

IMP subtyping was performed by polymerase chain reaction and sequencing

MBL metallo-B-lactamase, /PM imipenem, MEM meropenem, CTX ceftriaxone, CAZ ceftazidime, CPR cefpirome, AZT aztreonam, P/T

piperacillin/tazobactam, CIP ciprofloxacin, AMK amikacin, CLS colistin
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scarce on this point, and further studies are needed to
clarify whether MBL production is truly associated with
poor outcome and should be tested routinely in clinical
settings.

Tests for detecting MBLs may contribute to improved
treatment of infections with carbapenem-resistant Entero-
bacteriaceae. These rapid tests include SMA Eiken (SMA,
disk diffusion; Eiken Chemical) [10], Cica-B-test [6], PCR
[11], and immunochromatographic assays [7]. Infections
with MBL producers that have lower breakpoints than
those presented by CLSI have been reported [12]. There-
fore, additional methods may be required to accurately
diagnose infections caused by MBL producers.

To our knowledge, this is the first report of IMP-type
MBL-producing E. cloacae bloodstream infection in Japan,
although a number of VIM-type MBL-producing E. cloa-
cae infections have been reported in European countries
[2, 3]. The Center for Disease Control and Prevention
recommends active surveillance following isolation of
carbapenemase-producing Klebsiella spp. or Escherichia
coli because these isolates represent the majority of carb-
apenemase-producing Enterobacteriaceae in the United
States [13]. However, active surveillance of Enterobacter
cloacae is not included in this recommendation. More
information is required to determine the validity of active
surveillance of MBL-producing E. cloacae in healthcare
facilities in Japan.

It is unclear whether carbapenems are effective against
infections caused by IMP type MBL-producing E. cloacae
showing MIC within the susceptible range. Two of our
three cases were refractory to MEM, suggesting clini-
cal inefficacy of carbapenems against MBL-producing
E. cloacae regardless of their MIC. Falcone et al. [3]
described seven cases of VIM-1-type MBL-producing
E. cloacae infections: these cases were difficult to diagnose
because of apparent susceptibility to carbapenems and
were associated with high relapse rate and a prolonged
duration of antibiotic therapy. Clinical studies on appro-
priate chemotherapies against MBL-producing E. cloacae
infections will be required.

We reported three cases of MBL-producing E. cloacae
showing relatively low MICs around the breakpoints for
carbapenems. Effective testing strategies should be urgently
implemented in medical facilities to adequately detect
carbapenem-resistant E. cloacae.
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for IMP-type metallo-B-lactamases (IMPs) and aminoglycoside 6’-N-acetyltransferase [AAC(6')]-lae and
-Ib. Three hundred MDR P. aeruginosa isolates were obtained during each of two years, 2011 and 2012,
from 190 hospitals in 39 prefectures in Japan. The percentage of P. aeruginosa isolates producing IMPs,
AAC(6')-lae or AAC(6')-Ib increased significantly from 170/300 (56.7%) in 2011 to 230/300 (76.7%) in
2012, with 134/170 (78.8%) in 2011 and 179/230 (77.8%) in 2012 producing both IMP and either AAC(6')-

Ilgglmiyﬁinas aeruginosa la.e or AAC(S’)—lb. The MIFS of ant@biotics, including cephalpsporins and carbapenems, were markedly
IMP higher for isolates that did than did not produce these resistance factors. These results indicated that
AAC MDR P. aeruginosa producing IMPs, AAC(6')-lae or AAC(6')-Ib have spread throughout Japan and that
Multidrug-resistance these antibiotic-resistance factors are useful markers for monitoring MDR P. aeruginosa in Japan.

Immunochromatographic assay © 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

Although Pseudomonas aeruginosa is intrinsically sensitive to - of the study is to elucidate the spread of antibiotic-resistance fac-
lactams (e.g., ceftazidime [CAZ] and imipenem [IPM]), amino- tors in MDR P. aeruginosa isolates throughout Japan.
glycosides (e.g., amikacin [AMK] and tobramycin), and fluo- Bacterial species were identified with the MicroScan WalkAway
roquinolones (e.g., ciprofloxacin [CIP] and ofloxacin [OFX]), system and MicroScan breakpoint panels (Siemens Healthcare Di-
P. aeruginosa resistant to these antibiotics has emerged and is agnostics, Tokyo, Japan). Drug susceptibility was determined
widespread [1]. Nosocomial outbreaks of P. aeruginosa infection, qualitatively as sensitive (S), intermediate (I) or resistant (R) using
particularly by multidrug-resistant (MDR) strains, have become MicroScan breakpoint panels (Siemens Healthcare Diagnostics)
more frequent in various countries [2—5], including Japan [1,6]. consistent with the guidelines of the Clinical and Laboratory

MDR P. aeruginosa isolates in Japan frequently produce IMP-type Standards Institute (CLSI). MDR P. aeruginosa isolates were defined
metallo-B-lactamases (MBLs) and/or aminoglycoside 6-N-acetyl- as isolates resistant to imipenem (IPM), amikacin (AMK) and cip-

transferases [AAC(6')s]-lae and -Ib [1,7—9]. We recently designed rofloxacin (CPFX) using the breakpoint panels in the study. Mini-
immunochromatographic assay kits for the detection of IMP-type mum inhibitory concentrations (MICs) of CAZ, cefepime (CFPM),
MBLs and AAC(6')-lae and -Ib [10—12]. Clinical assessment meropenem (MEMP), panipenem (PAPM), doripenem (DRPM), IPM,
showed that the results of these immunochromatographic assays CPFX, levofloxacin (LVEX), AMK, and arbekacin (ABK) were deter-
were fully consistent with those of PCR analyses [10—12]. The aim mined by a broth microdilution method with dry plate (Eiken
Chemical Co., Ltd., Tokyo, Japan). Values of MICs at which 50% and
90% of the isolates were inhibited (MICsq and MICgg, respectively)

were determined.
* Corresponding author. Three hundred MDR P. aeruginosa isolates were obtained during
E-mail address: tkirikae@ri.ncgm.go.jp (T. Kirikae). each of two years (2011 and 2012) from single patients in 190

http://dx.doi.org/10.1016/j.jiac.2014.04.014
1341-321X/© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Regions and sample origins where MDR P. aeruginosa strains were obtained in 2011
and 2012.

A
Year Hokkaido/ Kanto/ Tokai/ Chugoku/ Kyushu/ Total
Tohoku Koshinetsu  Hokuriku/Kinki Shikoku  Okinawa

2011 53 (17.7%) 136 (45.3%) 71(23.7%) 17 (5.7%) 23(7.7%) 300
2012 40 (13.3%) 162 (54%) 67 (22.3%) 19 (6.3%) 19 (6.3%) 300
B

Year Respiratory tract Urinary tract Others Total
2011 134 (44.7%) 148 (49.3%) 18 (6%) 300
2012 124 (41.3%) 164 (54.7%) 12 (4%) 300

Distributions about regions (A) or sample origins (B) were not significantly different
between 2011 and 2012.

hospitals located in 39 of the 47 prefectures in Japan. IMP-type
MBLs, AAC(6')-lae, and AAC(6')-Ib produced by these isolates
were detected with immunochromatographic assay kits (Mizuho
Medy Co., Saga, Japan) [10—12], as described [10]. Chi square tests
were performed to compare the differences between data in 2011
and 2012.

Regions where samples were obtained were shown in Table 1A,
according to the five regional blocks: i.e., Hokkaido/Tohoku, Kanto/
Koshinetsu, Tokai/Hokuriku/Kinki, Chugoku/Shikoku, and Kyushu/
Okinawa. Sample origins were also shown in Table 1B. Distributions
about regions or sample origins were not significantly different
between 2011 and 2012.

The distributions of MDR P. aeruginosa isolates producing IMP,
AAC(6')-lae and AAC(6)-Ib in 2011 and 2012 are shown in Table 2.
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 com-
parison, 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

587

producers were the most prevalent in 2011 and 2012. In addition,
these IMP and AAC(6')-lae 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.

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 3). The MICs9 and MICgyg of cepha-
losporins 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 MICso and MICyg of fluo-
roquinolones. The MICsg of AMK, but not ABK, was significantly
higher for isolates producing both IMP and AAC(6')-lae than for
other groups. Similar results were observed for strains isolated in
2011 (data not shown).

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 DH5a. expressing AAC(6')-lae was resistant to
AMK but not to gentamicin and ABK [9].

We recently isolated MDR P. aeruginosa strains producing the
novel aminoglycoside enzymes, AAC(6')-1af [13] and AAC(6')-1aj
[14]. Thin-layer chromatographic assay demonstrated that these
enzymes effectively hydrolyzed AMK more effectively [13,14]. It is
necessary to carefully monitor MDR P. aeruginosa isolates produc-
ing IMP-type metallo-B-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 [7].

Use of these immunochromatographic assays has revealed
various aspects of MDR P. aeruginosa prevalence and provided

least more than one resistance factor, IMP and AAC(6')-lae co-  epidemiological information about drug resistance factors
Table 2
Drug resistance factors in MDR P. aeruginosa isolates in Japan.
Drug resistant factors
Year IMP+ AAC(6')-lae IMP+ AAC(6')-1b IMP AAC(6')-lae AAC(6')-1b 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 (3.3%) 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.

Table 3
Drug susceptibility test of MDR P. aeruginosa isolates in 2012.

Drug resistant factors

IMP+ AAC(6')-lae

IMP+ AAC(6')-Ib

Negative

Antibiotics MICsg (pg/ml) MICgp (pg/ml)

MICsp (ng/ml)

MICo (ng/ml) MICso (ng/ml) MICq (pg/ml)

Cephalosporin

CAZ >128 >128 >128

CEPM >128 >128 >128
Carbapenem

MEPM >128 >128 128

PAPM >128 >128 >128

DPRM >64 >64 >64

IPM 128 >128 128
Fluorquinolone

CPFX 64 >128 32

LVFX 64 >128 64
Aminoglycoside

AMK 128 128 32

ABK 8 32 16

>128 8 64
>128 16 64
>128 16 64
>128 32 128
>64 8 32
>128 16 32
128 32 64
128 64 128
64 32 64
64 16 64
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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.
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