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FIG 1 Distributions of small genomic islets and species-specific markers on genomes of representative strains. Open circles indicate SGIs, and closed circles
indicate species-specific genetic markers, Locations of atpA selected as the universal marker of Acinetobacter species are not provided. The genome sequence data
of A. pittii, A. nosocomialis, and Acinetobacter species close to A. nosocomialis are still draft data at present. The positions of each marker were decided by mapping
the contigs containing markers on the basis of the genome of A. baumannii ACICU. Genome comparison maps illustrated by Artemis Comparison Tool
(http://www.sanger.ac.uk/resources/software/act/) are arranged outside the circles, indicating genomes. The outer, second outer, and third outer rings indicate
the genomes of A. baumannii AB0057, ACICU, and ATCC 17978, respectively. The dark-gray drawings in genome comparison maps indicate matches between
the sequences, and the silver drawing in ACICU_02966 indicates an inversion match. The calibration bar indicates 4 kbp on all seven genome comparison maps.
A large color version of this figure with high resolution is available in Fig. S1 in the supplemental material.

other A. calcoaceticus-A. baumannii complex strains, although the
sequence similarities ranged from 80% to 97%.

Strains belonging to the same CC showed very similar distri-
bution patterns in 16 of the 24 SGI ORFs (Table 1). The CC iden-
tities of strains belonging to the major CC were identified based on
the distribution patterns of those 16 SGI ORFs. However, the dis-
tribution patterns of the 16 SGI ORFs in strains of Pasteur ST145
could not be distinguished from those of a novel ST (allele num-
bers 27-2v-2v-1-9-2-5).

SGI ORFs adopted for multiplex PCR amplification (Table 1)
were selected according to the following principles. First, ORFs
that were found exclusively in international clones I or II but
were absent among most clones other than the epidemic ones
were selected. The ORFs specific to international clone I were
AB57_0815 and AB57_3308, and those specific to international
clone Il were ACICU_02966 and ACICU_03137. Thus, the inter-
national clones can be identified and distinguished by detecting
the four ORFs AB57_0815, AB57_3308, ACICU_02966, and
ACICU_03137. Second, three ORFs (AB57_2484, ACICU_02042,
and ACICU_01870) were selected, because their distribution pat-
terns in the epidemic clones were divergent in at least two alleles
compared with those found in other nonepidemic lineages. These
3 ORFs were finally adopted to improve the discriminatory power
of the test. The distribution patterns of the 7 SGI ORFs among the
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A. baumannii clones and Acinetobacter species are shown in Fig. 1
and Table 4; see also Fig. S1 in the supplemental material.

Two ORFs (atpA and sucD) were selected as the candidates for
universal markers of Acinetobacter species by comparing whole-
genome sequences. These alleles were found among all Acineto-
bacter species in the BLAST databases (whole-genome sequencing
[WGS] database as of 8 May 2013) showing higher percent se-
quence similarities (>80%) than other orthologs. atpA was finally
chosen as the marker specific to Acinetobacter species and the
marker for the internal control of PCR amplification.

Genetic markers specific to A. pittii, A. nosocomialis, and Acin-
etobacter spp. close to A. nosocomialis were also searched for their
whole-genome data. ORFs designated pittii-6, nosocomialis-3,
and Asp-1 (Table 2) were finally chosen as markers specific to A.
pittii, A. nosocomialis, and Acinetobacter spp. close to A. nosoco-
mialis, respectively (Table 2). The pittii-6 marker was chosen from
nine candidate markers, and its specificity and sensitivity were
100% and 95%, respectively (Table 2). As pittii-6 was also found
in A. calcoaceticus genome sequences, with an 83% sequence sim-
ilarity in its nucleotide sequence level, primers were designed for
the specific detection of A. pittii. The nosocomialis-3 marker was
chosen from 3 candidates, and its specificity and sensitivity were
100% and 99%, respectively. The Asp-1 marker was chosen from
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FIG 2 Agarose gel electrophoresis patterns of PCR-based ORF typing using 12-plex PCR. Lane M, 50-bp ladder marker; lane PC, positive control; lanes 1 to 40,
A. baumannii; lanes 41 to 45, A. pittii; lanes 46 to 48, A. nosocomialis; lanes 49 to 52, Acinetobacter species close to A. nosocomialis; lane 53, A. radioresistens; lane
54, A. ursingii; lane 55, A. bereziniag; lane 56, A. soli. International clones II (lanes 1 to 17) and I (lanes 18 to 20) showed unique patterns and can be distinguished
from other A. baumannii clones (lanes 21 to 40) and other Acinetobacter species (lanes 41 to 56). The POT numbers of both A. baumannii ST49 (lane 30) and an
Acinetobacter species close to A. nosocomialis (lane 49) become 41, but these isolates can apparently be discriminated from each other by the ladder patterns of the
upper 5 fragments from bp 321 to bp 553. ST, sequence type; CC, clonal complex. “N” in ST lines indicates a novel ST. The ladder used for the binary digitization
of the genotype of each isolate is shown in the white box. The binary numbers corresponding to each band were 1 for 81 bp, 2 for 102 bp, 4 for 122 bp, 8 for 151
bp, 16 for 189 bp, 32 for 234 bp, and 64 for 271 bp, from the bottom of the ladder in the box. The remaining 5 bands from 321 bp to 553 bp were used for the

identification of Acinetobacter spp.

5 candidates, and its specificity and sensitivity were 100% and
100%, respectively.

The ladder patterns of the PCR amplicons described above
were clearly distinguishable by the 12-plex PCR established as the
POT in the present study (Fig. 2). The same results were obtained
by all four thermal cyclers we evaluated. To substantiate the 12-
plex PCR, 44 A. baumannii strains used for SGI ORF screening
were tested by both monoplex PCR and POT, and complete data
agreement was observed between the two methods.

A total of 81 A. baumannii strains, which have been classified
into 18 CCs by MLST, were analyzed by the POT method. Inter-
national clones I and II were distinguished from other genetic
lineages with more than two differences in the bands of their lad-
der patterns. According to the ladder patterns of seven ORFs, A.
baumannii strains were classified into 17 POT types, 11 of which
exhibited one-to-one correspondence to the CCs. Moreover, clin-
ically isolated Acinetobacter species other than A. baumannii can
be classified into three to five POT types at present (Table 4).

DISCUSSION

In the present study, we first showed that the newly established
POT is capable of rapidly identifying A. baumannii international
clones in ordinary clinical laboratories without performing nucle-
otide sequencing analyses of multiple genes as with MLST. To
increase the feasibility of the test, the number of SGI ORFs ad-
opted for POT was optimized. International clones I and II were
fully distinguished by this method from other clones or lineages of
Acinetobacter species. Moreover, the CCs of A. baumannii can be
estimated by POT. The discriminatory power of POT can be con-
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trolled by optimizing the number of ORFs and loci selected for
analysis. Such a newly developed POT method that compares the
distribution patterns of ORFs and/or SGls in each clinical isolate
may well promise to be an easy and rapid genotyping method for
identifying bacterial genetic lineages and molecular epidemiology,
which is feasible in ordinary clinical microbiology laboratories.

Indeed, several methods to identify international clones using
PCR have been reported (10, 11). However, they cannot identify
newly emerging multidrug-resistant epidemic clones that might
spread in the future. In fact, multidrug-resistant isolates other
than the A. baumannii international clones have been reported
(12-18). The POT method constructed in the present study is
applicable to the identification of new CCs of A. baumannii or A.
calcoaceticus-A. baumannii complex species, including A. nosoco-
mialis and A. pittii, in the future.

Although SGIs were first reported from Salmonella enterica in
2001 by whole-genome analysis (6), little attention has been paid
to them so far. Using genomic comparisons of S. aureus strains, we
found that the distribution patterns of SGI ORFs correlate with
the clonal complexin S. aureus (5). In the present study, it was also
proven that the distribution patterns of ORFs in SGIs correlated
well with the CCs in A. baumannii. This finding indicates that a
very similar concept can be applicable even to various bacterial
genera, and that close correlations between the distribution pat-
terns of SGIs and CCs may be a general phenomenon in the mi-
crobial world. In fact, the CCs of P. aeruginosa were successfully
predicted with a strategy and protocol similar to those of the POT
constructed in the present study (M. Suzuki and Y. linuma, un-
published data).
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To obtain the genetic information of clinical isolates from an-
timicrobial resistance surveillance data, digitized numeric data
provided by new genotyping methods, like the POT, contribute to
easy and feasible genotyping. Since the POT is very simple and
requires equipment only for PCR and agarose gel electrophoresis,
this can become a routine performance method in many ordinary
clinical microbiology laboratories in various countries and re-
gions, including developing countries around the world. If many
clinical microbiologists and researchers would employ the POT
for genotyping of clinical isolates, they could report the genotype
of each clinical isolate as a digitized numeric number, and this
would make it very easy to quickly compare the genotypes of clin-
ical isolates with those of other clinical isolates recovered in dif-
ferent continents or areas. Therefore, the POT would enable us to
identify newly emerging genetic lineages in the very early stage of
their outbreak. Present weak antimicrobial resistance surveillance
and monitoring systems depending mainly on the antimicrobial
resistance phenotypes of clinical isolates can be reinforced from
the genetic viewpoint by using the POT instead of MLST.
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Novel Integron-Mediated Fosfomycin Resistance Gene fosK
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Kouji Kimura,® Yoshichika Arakawa?®

Department of Bacteriology, Nagoya University Graduate School of Medicine, Nagoya, Japan®; Clinical Microbiology Laboratory, Okazaki City Hospital, Okazaki, Japan®

osfomycin (FOM) is an antibiotic produced by Streptomyces

fradiae (1) and was approved for clinical use in Japan in 1980.
FOM blocks MurA, which mediates bacterial peptidoglycan bio-
synthesis in its early step, showing a broad-spectrum antimicro-
bial activity against both Gram-positive and Gram-negative bac-
teria. FOM penetrates into bacterial cells via sugar transporters,
such as GlpT and UhpT, located at the cytoplasmic membrane,
and spontaneous FOM-resistant mutants appear due to a reduc-
tion or lack of these transporters. Moreover, several enzymes, such
as FosA, FosB, FosC, FosD, FomX, FomA, and FomB, have been
reported, and FosA was first characterized as a glutathione
S-transferase of FOM (2) (Fig. 1). After our first report about
FosA3 and FosC2 in 2010 (3), FosA3-producing Escherichia coli
isolates were recovered from humans, livestock, and/or pets (4-7),
and the fosA3 gene has already transferred to Klebsiella preu-

2 FosA
FosAZ MLOQSLNHLTLAVSDLOKSVTFWHELLGLTLHARWNT G-
FosA3 MLOGLNHLTLAVSDLASSLAFYQQLPGMRLHASWDSG-
FosC_ MLRGLNHITIAVSDLGRSLAFYTDIVGMLAHVRWONG-
FosC2 MLRGLNHITIAVSDLERSVEFYTRLLGMKAHVRWDSG-
FosD  MIQSINHICYSVSDLKNSIRFYKNILCGELLVSGKTT-
FosB  MIKGINHITYSVSNIAKSIEFYRDILGADILVEGETS---

MLQSLNHLTLAVSDLQKSVTFWHELL GLTLHARWNT G~ - -~

moniae (6) by a probable 1S26 composite transposon carrying
fosA3.

Acinetobacter soli HK001 was isolated from a blood culture of
an infected human, and it showed very high resistance to FOM
(MIC, >8,000 pg/ml) according to the agar dilution method rec-
ommended by the CLSI (8) in the presence of glucose-6-phos-
phate (G6P) (25 pg/ml), which induces UhpT. Four amplicons of
class 1 integrons were found by PCR using 2 primers, 5'CS-
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~-~AYLTCGDLWYCLSYDEARQYVPP - QE—-SDYTHYAFTVAEEDFEPLSQRL
~AYLTCGDLWYCLSYDEARGYVPP-QE--S
-AYLSCGALWLCLSLDEQRRKTPP

DYTHYAFTVAAEDFEPFSHKL
E--SDYTHYAFSVAEEEFAGVVALL
-DYSHIALDISEDDFASFLEKL

AYLSLGGVWFCLSCDK

AYLSLEATWICLSCDE~— -DYCHIAFDVSEENFEPVTKKL
~AYFNIGGLWVALNEEK~~~-DIPRNEVOYSYTHVAFTIDESEFNDWY WF
~~AYFNLGGINLALNEEK-~-~NIPRSEIKYSYTHIAFTISDNDFEDWY

FosE  M-EGISHITLIVRDLSRMTTFLCDGLGAREVYDSAGHNYSLSREKFFYLGGVWLAAMEGY -~~~ PPS~E~~RSYQHVAFRVSESDLAVYQ, ARL
FosI M~KGISHITFIVRDLNRMAALLCEGLGAREVYDSSN%NFSLSREKFFVLGSTWLAAMEGE ----- PPA-E~~RSYQHVAFAVSETDLPAYQARL

Fos]  M-KGISHITFIVRDLNRMAALLCEGLGAREVYDSSN
FosK  MITGINHITFSVRDLSSSIEFYRDLLGMRLHVTWEA

ORF1 tlITGINtiITFS‘YRDLRASIE FYRDLLGMKLHVFWDTG=~~-~

FosA  EQAGYTIWK---
FosA2 EQAGVTVWK---

NFSLSREKFFVLGSTWLAAM
~~AYFTAGDTWYCLSVGE -~ - -PKPA~~~-ND
~-AYLTAGNTWLCLSLGQ—~ - —PEPA* -~~KDYTHVAFSVREGELLELRAKL

HVAFAVSETDLPAY%ARL
HVAF SVGERELVELHARL

EGE - -~ PPA-E--RSY

* Xk w

KSEGASFYFLDPDGHKLELHVGSLAARLAACREKPYAGMVFTSDEA
KSEGASFYFLDPDGHKLELHVGSLAARLAACREKPYAGMVFTSDEA

FosA3 AQAGAEVWK---DNRSEGASYYFLDPDGHKLELHVGNLAQRLAACRERPYKGMVFFD-~~
FosC  RRADVTEWK-- -QNSSEGYSVYFLDPDGNKLEAHSGS LQSRLSSLKDKPYPGLVWL -~~~
FosC2 REAHVVEWK---QNRSEGLSLYLLDPDGHKLETHSGSL! SRLESLKSKPY GLVWL—-~-
FosD  KENDVNILEGRTRDVRDKQSIYFTDPDGHKLELHTGTL YYKET~KPHMVFYK-~-
FosB  KENEVNILEGRDRDIRDKI SIYFTDLDGHKLELHTGSLEDRLSYYKEA KPHMNFYI~-~~
FosE  GSLGVEIRPPRPRVNGEGLSLYFYDFDNHLFELHTGTLEQRLARYGAGR~--~-=----~
FosI ~ EALGVEIRPPRSRVDGEGLSLYFYDFDNHLFELHSGTLEQRLVRYQAGR~- --
Fos]  EALGVEIRPPRSRVDGEGLSLYFYDFDNHLFELHSGTLEQRLVRYQAGR~~--=wmwmnm
FosK  KEAGVEEWK---QNTSEGNSVYLLDPNGHRIELHCGTLATRLAELEKSPYKRLVWC-- -~
ORFL  KQAGVEEWK---QNTSEGDSIYLLDPNGHRLELHCGTLATRLAELESSPYKGLVWS----
*x ® * L N N *%
b __gi‘: FosC Achromobacter denitrificans
97 FosC2 Escherichia coli
E— FosK Acinetobacter soli HK001
88 99 ORF1 Pseudomonas aeruginosa
———— FosB Staphylococeus epidermidis

— 100

0.2

100 b—— FosD Staphylococcus rostri

FosA3 E. cofi
"——97[_—_{ FosA Serratia marcescens
99 FosA2 Enterobacter cloacae

| Fos! P. aeruginosa

FosE P. aeruginosa
FosJ Mycobacterium abscessus

FIG 1 (a) Predicted amino acid sequences of FosK and other fosfomycin-modifying enzymes. *, amino acid residue conserved among the 12 fosfomycin
resistance determinants. (b) Phylogenic relationships among the 12 glutathione S-transferases, including probable ones calculated by MEGA 5 (http://www
.megasoftware.net/). GenBank or Protein Data Bank accession numbers are indicated for the following proteins: FosA (AAA98399), FosA2 (ACC85616), FosA3
(AB522970), FosB (CAA38136), FosC (AAZ14834), FosC2 (AB522969), FosD (AHB87392), FosE (BAO48025), FosI (BAO47999), Fos] (YP_006316014), FosK

(AB917040), and ORF1 (AAP50248).
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TABLE 1 MIC:s of fosfomycin for A. soli HK001 and E. coli DH10B
transformed with the fosK gene

Strain FOM MIC (pg/ml)”
Acinetobacter soli HK001 >8,192

E. coli DH10B 1

E. coli DH10B(pBCSK +) 2

E. coli DH10B(pBCSK+::fosK) ' >2,048

E. coli ATCC 25922 2

< FOM, fosfomycin. MICs were measured by the agar dilution method recommended
by the CLSL

Class1-integron (5'-GGCATCCAAGCAGCAAG-3') and 3'CS-
Class1-integron (5'-AAGCAGACTTGACCTGA-3'). An ampli-
con of 1.2 kb was excised and purified. Its nucleotide sequence was
directly determined and revealed an aacA4 gene and a new gene
cassette located between intll and the 3'-CS (conserved se-
quence). The new cassette encoded a protein with significant sim-
ilarity to other Fos proteins (Fig. 1) and was named FosK. The
deduced amino acid sequence of FosK showed 81% identity in its
amino acid sequence to open reading frame 1 (ORF1) of Pseudomo-
nas aeruginosa (9). Moreover, 52%, 52%, 51%, 50%, 48%, and
47% amino acid identities were observed between FosK and
FosC2, FosD, FosA3, FosA, FosA2, and FosC, respectively, sug-
gesting their close phylogenic relationship (Fig. 1). The fosK gene
was again amplified by PCR using total bacterial DNA and a
high-fidelity DNA polymerase, PrimeSTAR HS (TaKaRa Bio
Inc., Ohtsu, Japan), together with primers F2-BamHI (5'-CG
GGATCCCGACATGGTTCAAACACGCCAGGC-3') and R2-
HindlIII (5'-TACCCAAGCTTGGGTTTTGGGGCGGACTTGTA
GC-3’). The amplicon was ligated with pPBCSK+ and cleaved by
BamHI and HindlIIl, and E. coli DH10B was transformed with the
recombinant plasmids. Then FOM-resistant transformants were
selected. After nucleotide sequencing of the insert on both strands,
a clone carrying no mutation in the fosK gene was finally chosen.
The FOM MIC for the transformant harboring intact fosK was
augmented to >2,048 pg/ml from 1 wg/ml for the recipient with
G6P (25 wg/ml) (Table 1).

FOM was recently considered to be a potent agent for treat-
ment of infections caused by multidrug-resistant bacteria, such as
extended-spectrum B-lactamase (ESBL)-producing E. coli and K.
pneumontiae (10). FOM has also been approved for veterinary use
in various countries (11). The fosK gene, together with aacA4, is
mediated by a class 1 integron, and thus this genetic element will
be further transmitted into various Enterobacteriaceae. Since fosK
confers on bacteria a very high level of resistance to fosfomycin, we
should diligently monitor the prevalence and trend of fosK as well
as of fosA3 in both human and animals going forward.
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Nucleotide sequence accession number. The fosK gene has
been assigned accession number AB917040.
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Characterization of Multidrug-Resistant Group B Streptococci with
Reduced Penicillin Susceptibility Forming Small Non-Beta-Hemolytic
Colonies on Sheep Blood Agar Plates
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We isolated and characterized three multidrug-resistant clinical isolates of group B streptococci with reduced penicillin suscep-
tibility (PRGBS) that formed small non-beta-hemolytic colonies on sheep blood agar plates but grew well on chocolate agar
plates. They can be overlooked in the bacterial identification step, leading to clinical misdiagnosis and treatment failure.

-Lactams are the first-line antibiotics used for the prevention

and treatment of group B Streptococcus (GBS) (Streptococcus
agalactiae) infections because all GBS clinical isolates are consid-
ered to be susceptible to them (1, 2). However, GBS clinical iso-
lates with reduced penicillin susceptibility (PRGBS) have emerged
through the acquisition of amino acid substitutions, including
V405A and/or Q557E, in penicillin-binding protein 2X (PBP2X)
(3). Similar PRGBS isolates were reported by several groups in
Japan (4), the United States (5), and Canada (6, 7). Moreover,
recent reports showed that PRGBS isolates tend to exhibit non-
susceptibility to fluoroquinolones and resistance to macrolides (8,
9). Furthermore, the property of beta-hemolysis on blood agar
plates is a very important differentiating characteristic for detect-
ing GBS isolates in clinical bacteriology laboratory procedures. In
the present study, we isolated and characterized three GBS clinical
isolates that were initially suspected to be PRGBS, although they
formed unusual small non-beta-hemolytic colonies on sheep
blood agar plates.

The three isolates characterized in this investigation were re-
covered from two patients in one hospital in 201 1. The first patient
was an 88-year-old man who was admitted to the hospital twice in
2010. However, GBS was not isolated while he was hospitalized. In
January 2011, two GBS isolates, MRY11-004 and MRY11-005,
were recovered from his blood and sputum, respectively. The sec-
ond patient was an 83-year-old man. He was admitted to the hos-
pital in October 2011, and NUBL-2449 was isolated from his spu-
tum in November 2011 (Table 1).

The three clinical isolates were initially isolated during routine
microbiology testing in the hospital. In this hospital, a sheep blood
agar plate (Nissui) and a chocolate II agar plate (BD) were used in
routine laboratory procedures. Since these isolates grew well on
the chocolate II agar plate, they were initially recovered from that
plate. After transport to our laboratory, these isolates were con-
firmed as GBS by using the API 32 Strep system (bioMérieux), a
streptococcal grouping kit (Kanto Chemistry), and nucleotide se-
quences of 165 rRNA genes (10). However, they also formed small
non-beta-hemolytic colonies on the sheep blood agar plate (Fig. 1;
see also Fig. S1 in the supplemental material). These GBS isolates
were suspected as PRGBS because of indications of their, penicil-
lin-nonsusceptible properties (MICs, 0.5 wg/ml) and slightly ele-
vated MICs of cephalosporins (=4 pg/ml for cefotiam, 1 pg/ml
for cefotaxime, 1 wg/ml for cefepime, 0.5 to 1 pg/ml for ceftriax-
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one, >1 pg/ml for cefixime, and 0.25 to 0.5 pg/ml for cefditoren)
as measured using the MicroScan (Siemens) MicroFAST 5] panel.
Therefore, in our laboratory, we measured the MICs for these
isolates by applying the agar dilution method recommended by
the Clinical-and Laboratory Standards Institute, and all of the
isolates showed reduced susceptibilities to penicillin G (MIC, 0.25
pg/ml), ceftizoxime (MIC, 4 wg/ml), oxacillin (MIC, 4 pwg/ml),
and ceftibuten (MIC, >256 pg/ml) and resistance to erythromy-
cin (MIC, >128 pg/ml), clindamycin (MIC, >128 pg/ml), and
levofloxacin (MIC, 128 wg/ml) (Table 1). Moreover, these isolates
harbored five amino acid substitutions in PBP2X, including
V405A, which is frequently observed in PRGBS (3). In addition,
these isolates harbored several amino acid substitutions in the
quinolone resistance-determining regions of GyrA, GyrB, and
ParC, which were reported to be responsible for fluoroquinolone
resistance in GBS (8, 11). Furthermore, an erm(B) gene, which
confers resistance to macrolides and lincosamides (12, 13), was
detected by PCR (see Table S1 in the supplemental material).
Therefore, these isolates were characterized as multidrug-resistant
PRGBS. Moreover, these isolates showed identical pulsotypes
based on the pulsed-field gel electrophoresis results (see Fig. S2 in
the supplemental material) and identical sequence types (ST1)
based on multilocus sequence typing, which suggest that these
isolates have similar genetic backgrounds.

We characterized the phenotypic and genetic aspects of the
three isolates, and they were ultimately confirmed as multidrug-
resistant PRGBS isolates, although they formed small non-beta-
hemolytic colonies on sheep blood agar plates. To date, clinical
PRGBS isolates with these phenotypes have not been reported.
Therefore, this is the first report describing the emergence of mul-
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TABLE 1 Origins and MICs of a reference strain and three clinical isolates

Patient Date of

b,
Strain or clinical ~ age Sequence isolation MIC (ng/ml) of :
isolate (yr)© Specimen  type (mo/yr)  Serotype PEN AMP OXA CTX CTB ZOX MEM ERY CLI LVX
2603V/R B 110 \4 0.03 0.06 025 =0.03 16 025 0.03 012 012 1
MRY11-004 88 Blood 1 1/2011 VIII 025 0.25 4 0.5 >256 32 0.12 >128 >128 128
MRY11-005 88 Sputum 1 1/2011 VIII 025 025 4 0.5 >256 32 0.12  >128 >128 128
NUBL-2449 83 Sputum 1 1172011 VII 025 025 4 0.5 >256 32 012 >128 >128 128

“ The two patients were male.

b PEN, penicillin G; AMP, ampicillin; OXA, oxacillin; CTX, cefotaxime; CTB, ceftibuten; ZOX, ceftizoxime; MEM, meropenem; ERY, erythromycin; CLI, clindamycin; LVX,

levofloxacin.

tidrug-resistant PRGBS isolates forming small non-beta-hemo-
Iytic colonies on sheep blood agar plates. Although supplementa-
tion with hemin, menadione, or thymidine did not cause reversal
of the formation of small colonies to normal-sized colonies, we
cannot reject the possibility that these isolates are small-colony
variants because specific substances that can restore these isolates
to their wild-type phenotype may be identified in the future (see
Supplemental Text S1 in the supplemental material). We will elu-
cidate whether it is appropriate to call these isolates “small-colony
variants” in a future study.

The three isolates showed weak beta-hemolytic activity in the
high-cell-density area on the sheep blood agar plates. Therefore,
we performed a nucleotide sequencing analysis of genes related to
hemolytic activity (see Supplemental Text S2 in the supplemental
material) in these isolates. The results showed that they harbored
a deletion in the deduced amino acid of CylK through positions
127 to 191. A previous study showed that the AcylK mutant of GBS
showed less beta-hemolytic activity than the wild type (14, 15).
Although CylK is a GBS-specific protein with unknown functions,
it is thought to be essential for the full expression of beta-hemo-
lytic activity of GBS isolates (14). Therefore, the deletion of CylK
in the three isolates might be a major cause for the non-beta-
hemolytic activity observed around the bacterial colonies.

Although these isolates formed only small colonies on sheep
blood agar plates, considering that one of the isolates, MRY11-
004, was recovered from blood, these isolates may have some vir-
ulence in humans and may cause severe diseases. Indeed, an event
of probable nosocomial spread of multidrug-resistant PRGBS iso-
lates has been previously reported (8). However, the possibility of

2603 VIR A

C B

FIG 1 Enlarged colonies of strain 2603V/R and the three clinical isolates,
MRY11-004 (A), MRY11-005 (B), and NUBL-2449 (C).

2170 jcm.asm.org

direct contact between the two inpatients from whom the PRGBS
isolates were recovered was low because they were admitted to
different wards of the hospital. Nonetheless, the possibility of nos-
ocomial spread of these isolates cannot be completely denied.
These isolates showed a multidrug resistance profile, suggesting a
more limited option in antimicrobial prescription in case of infec-
tions due to these PRGBS isolates. Moreover, these multidrug-
resistant PRGBS isolates forming small non-beta-hemolytic colo-
nies on sheep blood agar plates may cause problems in bacterial
isolation and identification. Therefore, the existence of such
unique isolates can be overlooked during the bacterial identifica-
tion step in routine clinical microbiology tests, which may cause
clinical misdiagnosis and treatment failure.
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1 SEEoI0-—#R

A @ Pseudomonas aeruginosa, B © Pseudomonas putida. C © Achromobacter xylosoxidans, D * Klebsiella preuntonia,

E : Klebsiella oxytoca.
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Technical Article

Fundamental assessment of the CHROMagar™ MDRP medium in the
screening of multidrug-resistant Pseudomonas aeruginosa

Kaori MATSUURA" Hisashi BABAY? Miyako ASOU" Emi MORITA"Y
Kazumi KANAYA" Kae KAWAMURA" Yoshitsugu INUMA D2

1) Center of Laboratory Medicine, Kanazawa Medical University Hospital (1-1, Daigaku, Uchinada-machi, Kahoku-
gun, Ishikawa 920-0293, Japan)
2) Department of Infectious Diseases, Kanazawa Medical University

Summary

Multidrug-resistant Pseudomonas aeruginosa (MDRP) is one of the most important pathogens in hospital infection
control. Rapid and efficient methods of detecting MDRP are needed because early recognition of MDRP colonization/
infection is important in the prevention of MDRP nosocomial spread. We evaluated the fundamental performance of
CHROMagar™ MDRP medium, a novel chromogenic agar medium, in the detection of MDRP. We cultured 31 P,
aeruginosa and 30 other Gram-negative bacilli that were resistant to one or more of the following antibiotics on
CHROMagar™ MDRP medium: imipenem, ciprofloxacin and amikacin. As a result, all 8 isolates of MDRP were
observed as blue-green colonies on the medium, although some of the non-MDRP P, aeruginosa isolates also grew.
Among the bacteria other than P. aeruginosa, 8 of 30 strains were recovered. The observed colonies were easily
distinguished from that of P aeruginosa by the difference of color. Thus, our data suggest that CHROMagar™ MDRP
medium could be highly useful as a screening tool for detecting MDRP although antimicrobial susceptibility testing is
necessary for confirmation.

Key words: Multidrug-resistant Pseudomonas aeruginosa, CHROMagar™, MDRP medium
(Received: September 9, 2013; Accepted: October 7, 2013)
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** Klebsiella pneumoniae carbapenemase
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