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ABSTRACT

Chromobacterium violaceum is sensitive to temperature and the infection is usually confined to tropical or
subtropical regions. Since Japan has a warm climate, C. violaceum has been scarcely isolated from clinical
specimens. With global warming, however, the geographical distribution of C. violaceum infection is
likely to change. We report two cases of C. violaceum nosocomial pneumonia that occurred at an
intensive care center in Japan. C. violaceum was first detected from a patient in the same center as a
pathogenic organism of pneumonia. Later, the organism was isolated from sputum and a ventilator
circuit tube of another patient in the center. The two patients were admitted to the center in nearby beds
for several days. All of the pathogens were confirmed to be C. violaceumn by the nucleic acid sequence of
the 16S rRNA gene and were proven to be genetically identical organisms by pulsed field gel electro-
phoresis. Both patients were managed with well-humidified and heated oxygen using a venturi mask
and ventilator to promote excretion of sputum. It was thought that the medical respiratory care devices
that provide a humid and warm environment, an optimal condition for proliferation of C. violaceum, can

contribute to C. violaceum infection in a hospital environment.
© 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Chromobacterium violaceum is a gram-negative, facultative
anaerobic, oxidase-positive bacillus. The-organism is ubiquitous in
natural environments but is a rare pathogen in humans. Its growth
is significantly affected by temperature, and infection has a predi-
lection to tropical or subtropical regions (between latitudes 35°N
and 35°S) [1]. Fewer than 200 cases of C. violaceum infection have
been reported worldwide so far, and most cases have been seen in
those geographically confined areas [2]. In the United States, a
previous report showed that almost all cases occurred mainly in
Florida, the southern most part of the country [3].

In a warm climate, C. violaceum has rarely been isolated from
clinical specimens. To our knowledge, there has been only one re-
ported case of C. violaceum infection in Japan to date [4]. According
to that report, a 59-year-old man with a history of diabetes mellitus
died of septic shock and multi-organ failure, which began from

* Corresponding author. Tel.: +81 86 235 7342; fax: +81 86 235 7345.
E-mail address: e_dai_for_all@hotmail.com (H. Hagiya).

cellulitis in his right thigh. An autopsy revealed systemic dissemi-
nation of the organism. With global warming, however, the
geographical distribution of C. violaceum infection is likely to
change in the future [5]. Here, we report two cases of C. violaceum
nosocomial pneumonia that occurred at an intensive care center in
winter in Japan.

2. Case description

Following two cases occurred at an open-type combined med-
ical/surgical intensive care center of Tsuyma Central Hospital (TCH;
Okayama, Japan) where there are an 8-beded intensive care unit
(ICU) and a 10-beded high care unit (HCU).

2.1. Case 1

In December 2012, a 66-year-old man with a past medical his-
tory of hypertension and chronic obstructive pulmonary disease
was transferred to TCH due to a sudden onset of impaired

1341-321X/$ — see front matter © 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jiac.2013.10.001
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Fig. 1. Chest computed tomography findings. Case 1: Bilateral consolidation (day 10). Case 2: Bilateral consolidation and massive pleural effusion with ground glass opacity (day 31).

consciousness. He had no history of traveling abroad. A computed
tomography (CT) scan of the head revealed subarachnoid hemor-
rhage (SAH), and an emergent clipping operation for a cerebral
aneurysm was performed (day 1). After the operation, the patient
was admitted to the ICU and extubation was successfully per-
formed the next day. Beginning on day 8, well-humidified and
heated highly concentrated oxygen was administered with a
venturi mask for the purpose of promoting excretion of sputum.
Subsequently, he had high fever and laboratory data on day 10
showed that inflammation was increasing (white blood cell [WBC],
9100/mm?; C-reactive protein [CRP], 24.0 mg/dL) and a chest CT
scan revealed bilateral consolidation (Fig. 1(A)). Gram staining of
purulent sputum on day 11 (Miller & Jones classification: P3,
GecKkler classification: 5) showed many inflammatory cells phag-
ocytozing Gram-negative rods, and bacterial culture revealed
C. violaceum concurrently with Neisseria spp. and Streptococcus spp.
(MicroscanWalkAway 40Sl, NegCombo3.12] panel; SIEMENS,
Tokyo, Japan). A full-body CT scan did not show any visceral organ
abscesses, and serial blood cultures were all negative. Based on the
diagnosis of C. violaceum pneumonia, administration of mer-
openem (1 g every 8 h) was initiated. The patient’s respiratory
condition improved after 2 weeks, and the patient was moved to a
surgical ward. C. violaceum was isolated from his sputum five times
throughout the course.

2.2. Case 2

An 80-year-old man who was administered 30 mg/day pred-
nisolone for 1 month due to organizing pneumonia underwent
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intubation
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~ l%
3] Gastrectomy 7 ‘%
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© v * )
w @ HCU HCU
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=i Extubation * PDT
& 8
8 clipgng
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Fig. 2. Clinical courses of the two cases. ICU, intensive care unit: HCU, high care unit:
SW, surgical ward. H&H O, humidified and heated highly concentrated oxygen. PDT,
percutaneous dilatational tracheostomy. * indicates the day when Chromobacterium
violaceum was isolated, and * indicates the day of diagnosis of C. violaceum pneu-
monia. The day Case 1 was admitted to the ICU was set as day 1. During admission to
the intensive care center, the two patients were simultaneously admitted to the HCU in
close proximity but not right next to each other. H&H O, by using a venturi mask was
given from day 8 in Case 1 and from day 25 in Case 2. Ventilator circuit tubes were also
well-humidified through the course.

gastric segmentectomy for gastric cancer at TCH 8 days after Case 1
had been admitted. He was managed at the HCU for a few hours
after the operation and returned to a surgical ward. Approximately
one week later, the patient developed aspiration pneumonia and
was transferred to the ICU (day 17). Due to respiratory failure, he
was intubated and required a tracheostomy on day 22. His respi-
ratory state stabilized after that, and ventilatory support was dis-
continued. On day 26, he was transferred to the general surgical
ward with a venturi mask to provide well-humidified and heated
highly concentrated oxygen.

Onday 31, his respiratory state deteriorated again and the patient
was transferred again back to the ICU. Laboratory testing showed a
high inflammatory state (WBC, 22,400/mm?>; CRP, 20.1 mg/dL), and a
chest CT scan revealed bilateral consolidation and massive pleural
effusion with ground glass opacity suggesting acute respiratory
distress syndrome (Fig. 1(B)). Only C. violaceum was isolated from his
purulent sputum (Miller & Jones classification: P1, Geckler classifi-
cation: 4), and he was also diagnosed with C. violaceum pneumonia.
Serial blood cultures were obtained but were negative for any or-
ganisms. Suspecting a carrier state of C. violaceum in the respiratory
device, bacterial culture was performed using fluid inside the
ventilator circuit tube; the result was positive for the organism. Asin
Case 1, meropenem (1 gevery 8 h)was administered for 2 weeks and
his respiratory condition improved.

3. Clinical course

Time courses of the two cases are summarized in Fig. 2. The
timing of hospital admission was different; however, the two pa-
tients were simultaneously admitted to the intensive care center,
especially the HCU on day 8 (only a few hours) and from day 19 to

Fig. 3. Colonies of Chromobacterium violaceum from Case 1. The organism was incu-
bated on sheep blood agar at 35 °C for 48 h, and only non-pigment colonies were seen.
Colonies obtained from Case 2 also showed the same non-pigment appearance.
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Fig. 4. Genotyping analysis by pulsed field gel electrophoresis (PFGE). Bacterial DNA was digested with Spel and Xbal and was analyzed by PFGE. Lane M, CHEF DNA Size standards
Lambda ladder marker (Bio-Rad). Lane 1, an isolate obtained from sputum in Case 1. Lanes 2 and 3, isolates obtained from sputum in Case 2. Lane 4, an isolate obtained from the

ventilator circuit tube in Case 2. All 4 isolates showed the same PFGE band pattern.

25. They were admitted there closely but not right next to each
other. Use of inhalants was unknown. Bronchoscopy was per-
formed for both patients for the purpose of suctioning sputum and
sampling respiratory specimens, which was also carried out for
other 1CU or HCU-admitted patients. Both patients were provided
well-humidified and heated highly concentrated oxygen with the
use of a venturi mask and ventilator during the course.

Screening cultures of their surrounding environment were
performed. In total, 40 samples from independent places were
obtained: 29 samples from the ICU, 9 samples from the HCU, and 2
samples from bronchoscopy. Frequent hand contact places, sinks,
and medical tables were mainly targeted as sampling points.
However, the results were all negative for C. violaceum, including
routine screening cultures of respiratory specimens (twice a week)
obtained from other patients in the ICU and HCU.

4. Bacterial analysis

All of the isolated organisms formed non-pigmented colonies
(Fig. 3). The nucleic acid sequences of the organisms that were
isolated from the sputum of both patients and from the ventilator
circuit tube in Case 2 were examined by amplifying the partial 165
rRNA gene. The sequences were identical in all samples, and the
organism was confirmed to have 99% homology with the published
sequence of C violaceum strain (GenBank Accession No.:
HM449690) {6]. The sequence of our strain was registered at
GenBank (Accession No.: AB851804). Moreover, all of the isolates
were proven to be genetically identical by pulsed field gel elec-
trophoresis (PFGE) using two different restriction enzymes: Spel
and Xbal (Fig. 4) [7]. )

The organism was considered to be sensitive to imipenem,
meropenem, levofloxacin, ciprofloxacin, and sulfamethoxazole/
trimethoprim but resistant to piperacillinftazobactam, ceftazidime,
cefepime, aztreonam, gentamicin, and amikacin (Table 1).

5. Discussion

Yang et al. reviewed data for 106 patients with C. violaceum
infection between 1952 and 2009 [5]. Of those 106 cases, 104 (98.1%)
were comrmunity-acquired cases in tropical or subtropical regions,
and only a few cases have been reported from outside the
geographically confined area [8,9]. Tsuyama (Okayama, Japan) is
located at latitude 35°4’N, which is slightly beyond the reported

northern limit of previously reported infection. In addition, the
present cases occurred in December, which is winter season in Japan,
when the average temperature is less than 10 °C. Thus, our cases were
geographically and epidemiologically uncommon. Moreover,
although there are potential predisposing factors associated with
C. violaceum infection include trauma and exposure to water or soil,
the 2 cases presented herein were not related to these factors.

To date, there have been only 2 cases of healthcare-associated
C. violaceum infection [10,11]. The reason for this can be attrib-
uted to its being a temperature-sensitive organism. Hospital envi-
ronments are well controlled for patients to be comfortable but are
different from the environments of subtropical and tropical areas.
However, the inside of a well-humidified and heated tube of a
respiratory care device closely resembles those environments. Case
1 was managed with a venturi mask in order to administer well-
humidified and heated highly concentrated oxygen to promote
excretion of sputum. We assume that the original C. violaceum had
an optimal environment for proliferation inside the venturi mask
tube. As a result, the organism grew aberrantly, causing pneumonia
and subsequently infected the patient in Case 2. The results of PFGE
confirmed that the organisms were genetically identical in the two
cases. Thus, well-humidified and heated respiratory care devices
can be considered to be a significant risk factor for C. violaceum
infection in hospital environments.

Table 1
A result of antibiotics susceptibility testing of C. violaceum.
MIC (ug/mlL)
Case 1 Case 2
Piperacillin >64 >64
Piperacillin/tazobactam >64/4 64/4
Ceftazidime >16 16
Cefepmie >16 >16
Imipenem 4-8 4
Meropenem =1 =1
Aztreonam >16 >16
Gentamycin >8 >8
Amikacin >32 >32
Levofloxacin =05 =05
Ciprofloxacin =0.25 =0.25
Minocycline 4-8 4
Sulfamethoxazole/trimethoprim =2 =2

MIC; minimum inhibitory concentration. Antimicrobial susceptibility testing was
performed by using Microscan Walkaway (SIEMENS, Tokyo, Japan).
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The original organism could have been carried by the patient in
Case 1 or might have already existed in the hospital environment.
However, C. violaceum has never been identified from a TCH, and
we believe that the organism was brought into the ICU by the first
patient.

Most strains of C. violaceum produce violacein, a pigment that
provides a violet-dark color to the colonies. However, the isolates
from our patients did not show such a characteristic color. A few
cases of non-pigmented strains have already been reported [12].
The color can also be lost on subculture or due to the initial therapy
[2]. The relationship between the epidemiology or severity of
C. violaceum infection and positivity of the pigment color is
unknown.

C. violaceum is usually sensitive to fluoroquinolones, chloram-
phenicol, tetracycline, trimethoprim/sulfamethoxazole, imipenem,
and gentamicin [13]. Ciprofloxacin is the most active agent against
C. violaceum in vitro {2], and cases with effective treatment have
been reported |14]. Both of our patients were successfully with
meropenem.

Though rare, C. violaceum infection can cause life-threatening
sepsis with metastatic abscess, and the overall mortality rate has
been reported to be 53% [5]. Superoxide dismutase and catalase,
which protect the microorganism from phagocytosis, are consid-
ered to be virulent factors [15].

In summary, C. violaceum infection is still rare but may increase
in non-tropical climates with further global climate change and
with the development and wide prevalence of medical respiratory
care devices. Since the organism can be multidrug-resistant and
causes fatal sepsis with high mortality, the organism should be
regarded as an emerging hospital-acquired pathogen in non-
tropical climates. :
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Sir,
Metallo-B-lactamase (MBL) is an important resistance determin-
ant among Gram-negative bacteria, and its clinical relevance
is increasing.! Some MBL genes are carried on mobile gene ele-
ments that have spread among various clinically important bac-
terial species.! Here we report a case of a novel MBL-positive
Pseudomonas alcaligenes strain, MRY13-0052, that caused a
bloodstream infection in a medical institution in Japan.’ P. alcali-
genes is a Gram-negative aerobic bacillus belonging to the
bacterial family Pseudomonadaceae, the members of which are
common inhabitants of soil and water, and it is a rare opportun-
istic human pathogen.® However, little is known about the clinical
importance of P. alcaligenes, mainly because of the difficulties in
identifying and distinguishing this bacterium from closely related
Pseudomonas species, such as Pseudomonas aeruginosa,
Pseudomonas mendocina and Pseudomonas pseudoalcaligenes,
in medical settings. We report here our investigation of the draft
genome sequence of P. alcaligenes strain MRY13-0052 and
our finding that this strain contains a subclass B3 MBL,* PAM-1
(P. alcaligenes MBL-1), that can hydrolyse cephalosporins and
carbapenems.

In 2012, Pseudomonas strain MRY13-0052 was recovered from
a blood sample of a patient who was receiving therapy for
Guillain-Barré syndrome. The patient had no recent history of tra-
vel abroad. Although the primary site of infection was unknown,
the patient became afebrile soon after combination therapy
with ceftazidime and clindamycin. The MRY13-0052 strain was
identified as P. mendocina by the VITEK2 system (bioMérieux;
96% probability), but subsequentl%/ as P. alcaligenes based on
16S rRNA gene sequence analysis.© MRY13-0052 was resistant

to penicillins, cephalosporins, aztreonam and fosfomycin, but sus-
ceptible to imipenem, meropenem, amikacin, fluoroquinolones,
minocycline and trimethoprim/sutfamethoxazole, according to
MICs determined using the VITEK2 system and the Etest
(bioMérieux), applying the recommended breakpoints described
by CLSI (2013).” The production of MBL was screened for using a
disc containing sodium mercaptoacetic acid (SMA) (Eiken).®
Apparent expansion of the growth inhibitory zone around the cef-
tazidime and meropenem discs was observed around the SMA disc
following overnight incubation at 37°C, strongly suggesting that
MRY13-0052 produces MBL. PCR tests to detect the blanpm, blaimp,
blaypm and blarmg genes in MRY13-0052 were all negative; therefore,
we analysed the whole-genome shotgun (WGS) sequence of
MRY13-0052, obtained using the GS Junior system (Roche), to iden-
tify the responsible MBL gene (DDBJ/EMBL/GenBank accession
number of the WGS project: BAT001000000).? BLAST-based simi-
larity searches revealed that MRY13-0052 carries three class C
B-lactamase genes and a novel subclass B3 MBL gene [which we
named blapam.1 (DDBJ/EMBL/GenBank accession number of the
gene: AB858498)] that might confer resistance to B-lactams.

The PCR product of the blapam-1 gene was ligated into pUCP19
(ATCC), a Pseudomonas-Escherichia shuttle vector, resulting in
the PAM-1 expression vector pUCP19-blaPAM-1. P. aeruginosa
strain PAO1 and Escherichia coli strain MC1061 were transformed
with this vector, and transformants were selected on agar plates
containing 20 mg/L piperacillin. Expression of the blapam-1 gene
was driven by the tac promoter regardless of IPTG induction and
confirmed by SMA disc-mediated expansion of the growth inhibi-
tory zone around ceftazidime and meropenem discs. As shown in
Table 1, blapam-1-producing P. aeruginosa bacteria were more resist-
ant to ceftazidime, imipenem, meropenem and doripenem than
control bacteria harbouring the empty vector (MICs increased
32-fold, 2-fold, 6-fold and 21-fold, respectively), but were still as
susceptible as control bacteria to aztreonam. Although blapawm. 1-
producing E. coli bacteria were slightly more resistant to ceftazi-
dime and meropenem than control bacteria (MICs increased
4-fold and 1.4-fold), there was no apparent change in the suscep-
tibility to aztreonam and other carbapenems. The differences in the
contribution of the PAM-1 enzyme to cephalosporin and carbape-
nem resistance among P. aeruginosa and E. coli could reflect differ-
ences in expression levels, outer-membrane permeability and/or
efflux systems in these hosts.’

The blapam-1 gene in P. alcaligenes strain MRY13-0052 is
encoded in contig 73, which is part of the chromosome, and
there is no transposable element, such as a transposon or inte-
gron, around the gene, suggesting that blapam-1 is an intrinsic
species-specific MBL gene of P. alcaligenes. Pseudomonas otitidis,
a Pseudomonas species that is associated with otic infections in
humans,? also produces a resident MBL named POM-1 (P. otitidis
MBL-1), which is active against carbapenems.® The PAM-1 protein
exhibits close similarity to POM-1 (72.4% amino acid identity),
suggesting that these enzymes have a common ancestor
(Figure 1). PAM-1 and POM-1 are homologous with the L1 MBL
of Stenotrophomonas maltophilia (63.3% and 62.1% identity,

T
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Table 1. Antimicrobial susceptibility profiles of strains determined using the Etest

Antimicrobial agent MIC, mg/L

Strain aztreonam ceftazidime imipenem meropenem doripenem
P. dlcaligenes MRY13-0052 32 48 2 2 >32
P. aeruginosa PAO1/pUCP19 2 0.50 0.16 0.38
P. geruginosa PAO1/pUCP19-blaPAM-1 2 32 1 1 8
E. coli MC1061/pUCP19 0.125 0.25 0.16 0.35
E. coli MC1061/pUCP19-blaPAM-1 0.125 0.25 0.23 0.35
PAM-1
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New Delhi metallo-f-lactamase (NDM)-1 carbapen-
emase-producing bacteria are resistant to antibiotics of
the carbapenem family, which are used as a last resort
for the treatment of infectious diseases caused by drug-
resistant bacteria. Therefore, the emergence of these
bacteria presents a serious public health issue. This is
particularly true given that NDM-1 carbapenemase has
been detected in many clinical isolates worldwide since it
was first identified in clinical isolates of Klebsiella
pneumoniae and Escherichia coli from a patient
hospitalized in New Delhi (1). The NDM-1 car-
bapenemase gene has been predominantly identified in
Enterobacteriaceae, but it can also occur in non-fermen-
ters (2). Hence, it is necessary to monitor the emergence
and spread of NDM-1 producers with a convenient and
effective screening method.

NDM-1 carbapenemase is a class B zinc metallo-£-
lactamase (MBL) (3). A variety of techniques have
already been developed to detect MBL producers (4),
including a disk-based synergy test, the sodium mercap-
toacetate (SMA) test, which is conventionally used in
Japanese clinical microbiology laboratories (5). This
test uses a Kirby-Bauer (KB) disk containing a S-lactam
antibiotic (ceftazidime [CAZ] recommended) and a disk
containing SMA, an MBL inhibitor that can bind to the
MBL active site through interactions with zinc ions (6).
Although this test works well for the detection of IMP-
and VIM-type MBL producers, which are the
predominant MBL types in Japan (7), preliminary
results have indicated that it may fail to detect NDM-1
producers when using the SMA test with the CAZ disk
according to general recommendations (8). Hence, the
present study aimed at improving the SMA test by
replacing the CAZ disk for detecting NDM-1 producers
among Enterobacteriaceae and Acinetobacter bauman-
nii.

A collection of 15 NDM-1-positive bacterial isolates
(5 E. coli, 4 K. pneumoniae, 1 Enterobacter cloacae, 1

*Corresponding author: Mailing address: Department of
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4-7-1 Gakuen, Musashi-Murayama, Tokyo 208-0011,
Japan. Tel: +81-42-561-0771, ext. 3500, Fax: +81-42-
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Citrobacter freundii, and 4 A. baumannii), obtained
from hospitals in Vietnam in 2010, and 1 NDM-1-posi-
tive K. pneumoniae strain (MRY10-722) isolated in a
hospital in Japan in 2010, were used in this study. These
isolates were identified using the API 20E and Vitek2
systems (bioMerieux, Marcy I’Etoile, France). Identifi-
cation of A. baumannii isolates was further confirmed
by rpoB gene sequencing (9). The NDM-1 gene was
detected using PCR analysis with specific primers as
described previously (10).

A total of 16 isolates were subjected to the SMA test.
The inhibitory effect of CAZ was compared with that of
the carbapenems, imipenem (IPM) and meropenem
(MPM). Suspensions of the bacterial isolates were
adjusted and spread on Mueller-Hinton agar plates
according to the protocol recommended by the Clinical
and Laboratory Standards Institute guidelines (11). The
KB disks containing f-lactam antibiotics (CAZ [30 ug]
or IPM [10 ug] or MPM [10 ug]) (Eiken Chemical Co.,
Ltd., Tokyo, Japan) were placed on the plates, and
disks containing SMA (3 mg) (Eiken Chemical) were
placed close to 1 f-lactam disk as shown in Fig. 1. The
center-to-center diameter between the KB disk and the
SMA disk was 16 mm. The plate was incubated at 35°C
for 18 h and the growth-inhibitory zone around the KB.
disk close to the SMA disk was compared with that
around the KB disk alone. An isolate was considered
MBL-positive when an apparent expansion was ob-
served, i.e., an enlargement of 5 mm or greater of the
growth-inhibitory zone around the KB disk close to the
SMA disk compared with that around the KB disk alone
(Fig. 1, middle and lower panels). An isolate was consi-
dered MBL-negative if there was no expansion of the
growth-inhibitory zone or if the expansion was less than
5 mm (Fig. 1, upper panel).

The results are summarized in Table 1. The highest
sensitivity was obtained with a combination of the
MPM and SMA disks. Of the 16 strains, 15 (93.8%)
were confirmed as positive. The combination of the
IPM and SMA disks resulted in the positive identifica-
tion of 14 strains (87.5%). On the other hand, a combi-
nation of the CAZ and SMA disks was considerably less
sensitive, as only 7 strains (43.8%) had positive results.

These results indicated that the carbapenems, IPM
and MPM, are generally more suitable than CAZ for
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Fig. 1. Results of the disk-based synergy test, the sodium mer-
captoacetate (SMA) test, for the New Delhi metallo-g-lac-
tamase (NDM)-1-producing Acinetobacter baumannii isolate
V-275. Apparent expansion of the growth-inhibitory zone
(black arrows) between SMA and imipenem (IPM)/meropen-
em (MPM) disks were observed. On the other hand, a very
slight inhibitory effect (arrow with dashed black line) was
observed between the ceftazidime (CAZ) and SMA disks.

detecting NDM-1-producing bacteria. The low sensitivi-
ty of the CAZ disk could be ascribed to the coproduc-
tion of other f-lactamases such as extended-spectrum S-
lactamases and plasmid-mediated or chromosomally
encoded AmpC fB-lactamases, which inactivate CAZ
without being inhibited by SMA. In fact, it has been
reported that NDM-1-producers often simaultaneously
carry other B-lactamase genes, such as blacrx.m, blacwmy,
or blapya (12,13). Nevertheless, 1 E. cloacae isolate
(V-87) produced a clearly enlarged inhibitory zone be-
tween the SMA and CAZ disks but not between SMA
and MPM or IPM, suggesting the importance of CAZ.
We hypothesized that these findings may have been
owing to the coproduction of OXA-48 carbapenemase,
which is usually resistant to MPM but not to CAZ. The
OXA-48 carbapenemase is a member of the serine-f-
lactamases, whose activities are not inhibited by SMA.
We used PCR to screen all isolates for the presence of
blaoxa.as. As expected, only the E. cloacae isolate V-87
carried the blagxa.ss gene; however, further examina-
tions with additional isolates are required to confirm
our hypothesis.

On the basis of these results, we conclude that the
SMA test using both the MPM and CAZ disks is the
most suitable method for screening carbapenem-
resistant isolates for NDM-1-type MBL producers. As
reported previously (8), this combination also allows for
highly sensitive and specific detection of the IMP- and
VIM-type MBL producers. Effective screening of MBL
producers, including the NDM-1 type and other MBL
types, can therefore be performed by the SMA test using
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Table 1. Inhibitory activity of SMA disks for NDM-1-producing
bacterial isolates

Antibiotic disk

Bacterial isolate

CAZ IPM MPM
E. coli V-22 + + +
E. coli V-48 + + +
E. coli V91 - + +
E. coli V-102 - + +
E. coli V-134 - + +
K. pneumoniae MRY10-722 + - +
K. pneumoniae V-17 + + +
K. pneumoniae V-21 + + +
K. pneumoniae V-90 - + +
K. pneumoniae V-182 - + +
E. cloacae V-87 + - -
C. freundii V-868 - + +
A. baumannii V-275 - + +
A. baumannii V-303 + + +
A. baumannii V-320 - + +
A. baumannii V-357 - + +

SMA, sodium mercaptoacetate; NDM, New Delhi metallo-g-lac-
tamase; CAZ, ceftazidime; IPM, imipenem; MPM, meropenem;
+, positive; —, negative.

MPM and CAZ disks in clinical laboratories followed
by confirmation of the MBL genes by PCR analysis in
specialized laboratories.
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Pseudomonas alcaligenes, a Gram-negative aerobic bacterium, is a rare opportunistic human pathogen. Here, we report the
whole-genome sequence of P. alcaligenes strain MRY13-0052, which was isolated from a bloodstream infection in a medical in-
stitution in Japan and is resistant to antimicrobial agents, including broad-spectrum cephalosporins and monobactams.
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?;eudomonas alcaligenes is a Gram-negative aerobic rod belong-
ing to the bacterial family Pseudomonadaceae and is a common
inhabitant of soil and water. A recent study showed that P. alcali-
genes is useful as a microbial inoculant for the biodegradation of
toxic polycyclic aromatic hydrocarbons (1). P. alcaligenes has also
been known as a rare opportunistic human pathogen (2). Based
on 165 rRNA gene sequence analysis, P. alcaligenes was classified
in the Pseudomonas aeruginosa group (3). However, little is known
about the clinical importance of P. alcaligenes and its virulence
factors, mainly because of the difficulties in identifying and dis-
tinguishing this bacterium from closely related Pseudomonas spe-
cies in medical settings.

In this report, we announce the availability of the first draft
genome sequence of P. alcaligenes. P. alcaligenes strain MRY13-
0052 was recovered from a bloodstream infection in a medical
institution in Japan in 2013 and was resistant to broad-spectrum
cephalosporins and monobactams. Whole-genome shotgun
(WGS) sequencing of strain MRY13-0052 was performed using
the Roche 454 pyrosequencing platform (500-bp insert size). The
reads were assembled de novo using Newbler Assembler version
2.3 {Roche). The draft genome sequence of MRY13-0052 consists
of 237 contigs, yielding a total of 6,876,944 bp with an N5, contig
size of 64,175 bp. The mean G+C content was 65.8%. A total of
6,190 coding DNA sequences were identified by the RAST server
(http://rastnmpdr.org) (4). The MRY13-0052 strain carried three
class C B-lactamase genes that might confer resistance to B-lactam
antibiotics. Any other acquired antimicrobial resistance genes in
the WGS data were not detected using a Web-based tool, Res-
Finder version 1.3 (http://cge.cbs.dtu.dk/services/ResFinder/) (5).

Bacterial pathogens frequently use protein secretions to inter-
act with their hosts. MRY13-0052 contains the type VI secretion
systemn (T6SS) gene cluster and three genes that encode VgrG (va-
line glycine repeat G) translocator proteins (6). The T6SS, which is
conserved among Pseudomonas species (7), delivers effectors into
neighboring organisms, including bacteria and mammalian cells,
leading to cytotoxicity and cell death in the targets (6). The

September/October 2013 Volume 1 Issue 5 e00919-13
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MRY13-0052 strain furthermore contains a set of genes that en-
code proteins homologous to P. aeruginosa Tsel (type VI effector
1) and Tsil (type VIimmunity 1) (8) (66.9% and 48.8% identities,
respectively). On the other hand, MRY13-0052 is devoid of the
virulence-associated type III secretion system (T3SS) gene cluster,
whereas a T3SS is the major virulence factor in animal and plant
pathogenic Pseudomonas species, P. aeruginosa, and Pseudomo-
nas syringae (9, 10). These data suggest that the T6SS might be an
important virulence determinant in P. alcaligenes and that P. al-
caligenes might partially share the same T6SS-dependent effector
and immunity system with P. aeruginosa.

A more detailed report of the virulence phenotype of P. alcal-
igenes MRY13-0052 will be included in a future publication. A
genome-wide comparison of P. alcaligenes with related Pseudomo-
nas species, such as P. aeruginosa, Pseudomonas mendocina, and
Pseudomonas pseudoalcaligenes, will facilitate additional compre-
hensive bioinformatic and phylogenetic analyses, thus expanding
our understanding of fatal nosocomial infections caused by these
opportunistic human pathogens.

Nucleotide sequence accession numbers. The WGS projects
for P. alcaligenes MRY13-0052 have been deposited at DDBJ/EMBL/
GenBank under the accession no. BATO00000000. The version de-
scribed in this paper is the first version, BATO01000000.
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he efficacy of carbapenems has been threatened by the increas-

ing frequency of carbapenem-resistant bacteria. Acinetobacter
baumannii carrying the blagys.,3 carbapenemase gene has spread
worldwide (1). We isolated carbapenem-resistant and then -sus-
ceptible A. baumannii from the sputum of a 74-year-old male
patient. Here we describe the characterization of these isolates and
discuss the implications of these findings and their clinical impor-
tance.

The first isolate (MRY12-278) was obtained 3 days after treat-
ment with meropenem (MEPM; 1,500 mg/day) for suspected
pneumonia. The isolate was resistant to MEPM (MIC, >8 pug/ml),
imipenem (IPM; MIC, >8 pg/ml), amikacin (MIC, >32 pg/ml),
gentamicin (MIC, >8 pg/ml), ciprofloxacin (MIC, >2 pg/ml),
and levofloxacin (MIC, >4 pg/ml) by the broth microdilution
method of the Clinical and Laboratory Standards Institute (2).
MEPM was discontinued immediately, as the responsible physi-
cians felt that the clinical scenario was more consistent with colo-
nization rather than infection. Seven days after MEPM discontin-
uation, the other isolate (MRY12-281) was obtained; its
susceptibility profile was identical except that it was susceptible to
MEPM and IPM (MICs, <4 pg/ml).

Both isolates yielded identical banding profiles by pulsed-field
gel electrophoresis (PFGE) using Apal (3) (Fig. 1), suggesting
their derivation from a single clone. When tested, the isolates were
negative for the production of metallo-B-lactamases by a double-
disc synergy test (4). OXA-type carbapenemase-encoding genes
and the ISAba element, which contains the promoter sequence
upstream of the blaoy, genes, were screened by PCR with primers
specific for blagxa s1iiker blaoxa-23-1iker PlAoxA-58-tiker PlAOXA 24 tike>
and ISAbal (5, 6). blagy.51.1ie Was detected in both isolates, but
ISAbal was not found upstream of the gene. blagya sg e and
blagya.24.1ice Were not detected in either isolate. blagya 23 iy and
the upstream ISAbal element were detected in MRY12-278 but
not in MRY12-281. The nucleotide sequence of blagy_»3.1ie Was
identical to that of the published blagy,.,5 gene (GenBank acces-
sion no. AJ132105). These findings indicate that MRY12-278 car-
bapenem resistance was conferred by blagy,_,;. To determine
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FIG 1 Pulsed-field gel electrophoresis (PFGE) of Apal-digested DNA from A.
baumannii isolates. Lane 1, MRY12-278; lane 2, MRY12-281; lane M, contour-
clamped homogeneous electric field (CHEF) DNA size standard lambda lad-
der (Bio-Rad).
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FIG 2 Localization of the blagy ., gene in A. baumannii isolates MRY 12-278
and -281. S1 nuclease-digested DNA was separated by PFGE. (A) Ethidium
bromide-stained image; (B) hybridization with a probe specific for the
blagyass gene. Lane 1, MRY12-278; lane 2, MRY12-281; lane M, low-range
PFG marker (New England BioLabs).

whether blagy ,_,3 was located on a plasmid, S1 nuclease-digested
DNA was separated by PFGE and hybridized with a digoxigenin
(DIG)-labeled probe (Roche Applied Science, Mannheim, Ger-
many) specific for blagy .3 (Fig. 2) (7). The resistant isolate har-
bored an ~60-kbp plasmid containing blagxa.,3. Thus, MRY12-
278 and MRY12-281 are clonal except for the presence of the

5782 aac.asm.org

plasmid. We believe that the carbapenem-susceptible isolate
MRY12-281 was derived from resistant isolate MRY12-278 by loss
of the plasmid carrying blagy »_,5. Both isolates were grouped into
sequence type 92 (ST92) according to the Bartual et al. multilocus
sequence typing scheme (8). ST92 is of the most epidemic clonal
lineage (international clone II lineage, which frequently causes
outbreaks worldwide).

Infections caused by resistant A. baumannii strains are a major
concern for clinicians, as available treatment options are limited.
Our results indicated that transformation of a carbapenem-resis-
tant strain into a susceptible strain indeed occurs in clinical set-
tings. When susceptible strains predominate, resistant strains
might be undetectable, and vice versa. It is important to consider
such situations carefully during antibiotic therapy.
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Role of y-glutamyltranspeptidase in the pathogenesis

of Helicobacter pylori infection
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ABSTRACT

v-Glutamyliranspeptidase and asparaginase have been shown te play important roles in Helicobacter
pylori colonization and cell death induced by H. pylori infection. In this study, the association of y-
glutamyltranspeptidase and asparaginase was elucidated by comparing activities of both deamidases in
H. pylori strains from patients with chronic gastritis, gastric and duodenal ulcers, and gastric cancer. y-
Glutamyltranspeptidase activities in H. pylori strains from patients with gastric cancer were
_ significantly higher than in those from patients with chronic gastriiis or gastric ulcers. There was a
wide range of asparaginase activities in H. pylori strains from patients with gastric cancer and these were
not significantly than those from patients with other diseases. To identify the contributions of y-
glutamyltranspeptidase and asparaginase to gastric cell inflammation, human gastric epithelial cells
(AGS line) were infected with H. pylori wild-type and knockout strains and inflammatory responses
evaluated by induction of interleukin-8 (IL-8). IL-8 response was significantly decreased by knockout of
the y-glutamyltranspeptidase-encoding gene but not by knockout of the asparaginase-encoding gene.
Additionally, IL-8 induction by infection with the H. pylori wild-type strain was significantly decreased
by adding glutamine during infection. These findings indicate that IL-8 induction caused by vy-
glutamyltranspeptidase activity in H. pylori is mainly attributable to depletion of glutamine. These data
suggest that y-glutamyltranspeptidase plays a significant role in the chronic inflammation caused by H.

pylori infection.

Key words asparaginase, gastric cancer, y-glutamyltranspeptidase, Helicobacter pylori.

Helicobacter pylori is a pathogenic bacterium that inhabits
the stomach (1). Chronic H. pylori infection has been
proven to cause gastrointestinal diseases such as gastric
and duodenal ulcers and gastric cancer (2, 3). Gastric
cancer is a common cause of cancer deaths worldwide,
including in Japan, and it is well known that the
prevalence of H. pylori infection does not always
correspond to that of patients with gastric cancer (4).
Therefore, other factors such as genetic factors, dietary
habits (such as salt and alcohol intake) and differences in
pathogenicity between H. pylori strains contribute to the
development of gastric cancer in H. pylori -infected

Correspondence

individuals. Many virulerice factors have thus far been
discovered in H. pylori, including CagA protein, which is
injected by the Type IV secretion system to cause an
inflammatory response (5) and VacA protein, which
causes vacuolation of gastric cells (6). Polymorphisms of
these proteins in H. pylori have been reported and shown
to be associated not only with differences in inflammato-
ry responses caused by H. pylori infection in vitro but also
with differences in the clinical manifestations of H. pylori
infection (6, 7). Indeed, the prevalence of polymorphisms
has been shown to differ geographically and to correlate
with a high rate of gastric cancer in specific regions, such
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