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Background: Acinetobacter baumannii is one of the most important noscomial pathogens
worldwide. The study aimed to use multilocus sequence typing (MLST) for epidemiological sur-
veillance of A. baumannii isolates in Taiwan and analyze the clinical presentations and pa-
tients’ outcomes.
Methods: MLST according to both Bartual’s PubMLST and Pasteur’s MLST schemes was applied
to characterize bloodstream imipenem-resistant A. baumannii (IRAB) infection in intensive
care units in a medical center. A total of 39 clinical IRAB bloodstream isolates in 2010 were
enrolled. We also collected 13 imipenem-susceptible A. baumannii bloodstream isolates and
30 clinical sputum isolates (24 IRAB and 6 imipenem-susceptible A. baumannii) for comparison.
Clinical presentations and outcome of the patients were analyzed.
Results: We found that infection by ST455B/ST2P and inappropriate initial therapy were statis-
tically significant risk factors for mortality. More than one third of the IRAB isolates belonged to
ST455B/ST2P. Most ST455B/ST2P (80%) carried ISAba1eblaOXA-23, including 10 (66.7%) with
Tn2006 (ISAba1eblaOXA-23eISAba1) in an AbaR4-type resistance island. ST455B/ST2P appears
to evolve from ST208B/ST2P of clonal complex (CC) 92B/CC2P. In this hospital-based study,
A. baumannii ST455 accounted for 38.5% of IRAB bacteremia, with a high mortality of 86.7%.
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Approximately 85% of ST455B/ST2P bacteremia had a primary source of ventilation-associated
pneumonia.
Conclusion: We report the emergence in Taiwan of IRAB ST455B/ST2P, which is the current pre-
dominant clone of IRAB in our hospital and has been causing bacteremia with high mortality in
critical patients.
Copyright ª 2015, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. All rights
reserved.
Introduction

Acinetobacter baumannii is one of the most important
noscomial pathogens worldwide, causing bacteremia,
pneumonia, urinary tract infection, soft tissue infection, or
intra-abdominal infection in hospitalized patients.1

Bacteremia caused by imipenem-resistant A. baumannii
(IRAB) has been associated with a higher mortality (46.0%)
than bacteremia by imipenem-susceptible A. baumannii
(ISAB; 28.3%) and other diagnoses of A. baumannii infec-
tion.2 The most common source of A. baumannii infection
was the respiratory tract,1 however, the relationship be-
tween respiratory tract infection and IRAB bacteremia re-
mains unknown.

Multilocus sequence typing (MLST) is a widely used
technique for bacterial typing, proven to provide unam-
biguous typing data for long-term and global A. baumannii
epidemiological surveillance.3 Two MLST schemes, Bartual’s
PubMLST and Pasteur’s MLST, are available in delineating
the population structure of A. baumannii.3e6 However,
there are no published Bartual’s MLST data in clinical A.
baumannii isolates in Taiwan.

This study using MLST was designed to characterize
bloodstream IRAB infection of intensive care unit (ICU)
patients in 2010 in a single medical center. We compared
the result with those from bloodstream ISAB, and also IRAB
and ISAB from sputum of patients with clinically confirmed
ventilation-associated pneumonia (VAP).

Materials and methods

Study patients and inclusion criteria

This study was approved by the Institutional Review Board
(100-3592B) of Chang Gung Memorial Hospital (CGMH),
Taiwan. Charts were reviewed for ICU patients who were
treated in CGMH in 2010 and had VAP, at least one positive
blood or sputum culture for A. baumannii, and symptoms
and signs of infection. For patients with multiple episodes,
only the first episode was included. Patients with incom-
plete medical records, aged < 18 years, or with poly-
microbial infection were excluded.

Clinical data collection and definitions

Clinical data were collected retrospectively. VAP was
defined as pneumonia with pulmonary infiltrates on chest
radiographs, purulent tracheal secretions not less than 48
ee H-Y, et al., Emergence in Tai
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hours after intubation, and the start of mechanical venti-
lation.7,8 VAP as a primary source was defined by the con-
dition when at least one A. baumannii sputum isolate was
found from patients with VAP before the development of
bacteremia, which was proved by the isolation of an A.
baumannii in blood. Mortality was defined as infection-
attributable death, wherein the criteria of death were
met before the symptoms and signs of bacteremia or
pneumonia were resolved, and with at least a blood or
sputum culture positive for A. baumannii.9 Appropriate
antimicrobial therapy was defined as administering patients
with at least one antimicrobial agent, except aminoglyco-
side, susceptible in vitro, within 2 days after bacteremia
onset.10 Culture detecting time was the interval (days)
from culture sampling to reporting.

Bacterial isolates and antimicrobial susceptibility

Conventional biochemical tests and 16Se23S rRNA inter-
genic spacer region sequencing as described previously
were used to characterize bacterial genospecies.11 Anti-
microbial susceptibility was determined by the disk diffu-
sion method according to Clinical and Laboratory Standards
Institute standards.12 Minimum inhibitory concentration
(MIC) of imipenem was further determined using Etest
(Biomèrieux, La Balmes les Grottes, France). The break-
point for defining ISAB was an MIC � 4 mg/L, and a break-
point of � 8 mg/L for IRAB, including both intermediately-
resistant and resistant strains.12 The tigecycline disk
diffusion breakpoints were based on the FDA criteria (sus-
ceptible: � 16 mm; resistant: � 12 mm).13

MLST

In order to survey clonal relationships, Bartual’s PubMLST
and Pasteur’s MLST schemes were used.4,5 By Bartual’s
PubMLST method, seven standard housekeeping loci [cit-
rate synthase (gltA), gyrase B (gyrB), glucose dehydroge-
nase B (gdhB), recombination A (recA), chaperone 60
(cpn60), glucose-6-phosphate isomerase (gpi), and RNA
polymerase (rpoD)] were checked.4 Sequences were
compared with the A. baumannii database at the MLST
database (http://pubmlst.org/abaumannii/) and conduct-
ed by the Basic Local Alignment Search Tool (BLAST, Na-
tional Library of Medicine, Bethesda, MD 20894, USA). By
the Pasteur’s MLST scheme (www.pasteur.fr/recherche/
genopole/PF8/mlst/Abaumannii.html), internal fragments
of seven housekeeping genes [cpn60, protein elongation
factor EF-G (fusA), gltA, CTP synthase (pyrG), recA, 50S
wan of novel imipenem-resistant Acinetobacter baumannii ST455
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ribosomal protein L2 (rplB) and RNA polymerase subunit B
(rpoB)] were amplified and sequenced for each isolate.5

The eBURST algorithm (http://eburst.mlst.net/) was
used to analyze the genetic relationships of sequence types
(STs).14 Clonal complexes (CCs) were stringently defined as
a cluster of STs having the same alleles at six of the seven
loci and containing at least two STs.14 Novel CCs were
named by the STs of their founders.

Pulsed-field gel electrophoresis

Isolates were analyzed by pulsed-field gel electrophoresis
(PFGE) using methods as described elsewhere.15 The frag-
ment patterns obtained were interpreted as described by
Tenover et al.16 Briefly, isolates with no less than seven-
band difference were considered to be different geno-
types, which were arbitrarily designated in alphabetical
order. Isolates with identical fingerprints and less than two-
band difference were considered as the same genotype,
whereas those with two-band to six-band difference were
considered subtypes of an existing genotype.

Polymerase chain reaction and sequencing

Primers specific for imipenem resistance genes (blaOXA-23,
blaOXA-40, blaOXA-54, blaOXA-58, blaOXA-51, blaADC, blaIMP-1,
blaIMP-2, blaVIM-1, blaVIM-2, and blaNDM-1), insertion se-
quences (ISAba1, ISAba2, ISAba3, ISAba4 and IS1008), and
the AbaR4-type islands were designed, and polymerase
chain reaction amplification and sequence determination
were performed as described previously.17e19

Statistical analysis

Data analyses were performed using SPSS software, v. 17.0
(SPSS Inc., Chicago, IL, USA). Student t test, Chi-square
test, or Fisher exact test were used when appropriate to
compare proportions. Variables with a p value < 0.2 in the
univariate analysis were added in a forward stepwise
manner and selected to create the final model for multi-
variable analysis. All statistical analyses were two-sided,
and significance was set at p < 0.05.

Results

Clinical isolates

A total of 39 clinical IRAB bloodstream isolates in 2010 met
the inclusion criteria and were enrolled in this cohort study
(Table 1). For comparison, we collected 13 ISAB blood-
stream isolates and 30 clinical sputum isolates (24 IRAB and
6 ISAB) from patients who were treated in the same year
and also met the inclusion criteria (Tables 1 and 2).

Sequence types, antimicrobial susceptibilities, and
PFGE genotypes

There were 26 novel STs according to Bartual’s PubMLST
scheme in this study, including ST455, ST456, ST544 to
ST556, and ST673 to ST683. These novel STs were newly
Please cite this article in press as: Lee H-Y, et al., Emergence in Tai
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found in Chang Gung Memorial Hospital in Taiwan, and
registered in the PubMLST web site (http://pubmlst.org/).
Most IRAB isolates (38.5% from bloodstream and 45.8%
sputum) belonged to ST455. ST455 isolates were suscepti-
ble to colistin (100%), and tigecycline (66.7%), but were
86.7% resistant to ampicillinesulbactam and 100% resistant
to all other antibiotics tested.

Most IRAB isolates belonged to CC92 and CC455 (blood-
stream, CC455 48.7%, CC92 28.2%, and sputum, CC455
62.5%, CC92 20.8%). In contrast to IRAB, few ISAB isolates
(15.4% from bloodstream and 16.7% sputum) belonged to
CC92 and no ISAB was in CC455. STs of ISAB were so diverse
that 13 bloodstream isolates belonged to 11 different STs
and six sputum isolates belonged to six different STs.

No difference was found in the ratio of ST455 among
IRAB isolated from blood and sputum (15/39 vs. 11/24,
p Z 0.564). Similar results were also found in all other STs
(all p > 0.05).

More than half of the IRAB clinical isolates were found in
the main evolutionary tract of CC92 to the novel CC455,
descending from the founder ST208 to ST544, and then to
ST455 (Figure 1). It is notable that the attributable mor-
tality in patients infected by these STs appeared higher and
higher along the evolution (ST208: 33.3%; ST544: 75%;
ST455: 86.7%) but this should be evaluated further. ST544 is
a one-locus variant of ST455 and two-locus variant of ST92
(1-3-3-2-2-7-3). ST544 therefore belonged to CC455 but not
CC92.

By contrast, among 39 IRAB isolates, 34 isolates (87.2%)
belonged to ST2, three (7.7%) to ST129, one (2.6%) to
ST217, and one (2.6%) novel STN1 (Table 1) according to
Pasteur’s MLST scheme.

Based on Tenover et al’s16 criteria, the 39 bloodstream
IRAB isolates included 15 different PFGE genotypes and
their subtypes. Sixty percent (9/15) ST455B and 50% (17/34)
ST2P belonged to PFGE genotype 1 or its seven subtypes.
Imipenem resistance genes

All isolates carried blaOXA-51-like. The blaOXA-23 gene (Gen-
Bank accession No. GQ861439.1) was found in 54 isolates
(65.9%, 54/82). The blaOXA-58 gene appeared in three
isolates.

Among the 39 bloodstream IRAB isolates, the upstream
ISAba1 was found in seven (17.9%) with blaOXA-51-like and in
25 (64.1%) with blaOXA-23, including 18 with Tn2006 (ISA-
ba1eblaOXA-23eISAba1) in an AbaR4-type resistance island
and seven with Tn2008 (ISAba1eblaOXA-23) (Table 1). All of
these isolates showed high-level resistance to imipenem
(all MIC > 32 mg/L). Two isolates (ST455 and ST208) carried
blaIMP-1. None carried blaOXA-40/blaOXA-24, blaIMP-2, blaVIM-1,
blaVIM-2, blaNDM-1, blaADC, ISAba2, IS1008, or Tn2007 (ISA-
ba4eblaOXA-23).

Among the 24 IRAB isolates from sputum, the upstream
ISAba1 was found in two isolates (8.3%) with blaOXA-51-like
and in 20 (83.3%) with blaOXA-23, including 18 Tn2006 (ISA-
ba1eblaOXA-23eISAba1) in an AbaR4-type resistance island
and two Tn2008 (ISAba1eblaOXA-23) (Table 2). All of these
isolates showed high-level resistance to imipenem (all
MIC > 32 mg/L). Tn2007 (ISAba4eblaOXA-23) was not found
in these isolates. The upstream ISAba3 was found in one
wan of novel imipenem-resistant Acinetobacter baumannii ST455
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Table 1 Sequence types (ST), allelic profiles, clonal complex (CC), imipenem resistance genes, primary source of infection, and attributable mortality of Acinetobacter
baumannii derived from patients with imipenem-resistant Acinetobacter baumannii (IRAB) bacteremia or imipenem-susceptible
Acinetobacter baumannii (ISAB) bacteremia

ST Bartual’s PubMLST
allelic profiles

CC No. of
isolates (%)

Carbapenem resistance genes VAP as a
source No. (%)

Mortality
(%)MLST

(B/P)
Tn2006
No. (%)

Tn2008
No. (%)

ISAba1eblaOXA-51
No. (%)

ISAba3eblaOXA-58eISAba3,
No. (%)

blaIMP
No. (%)

IRAB
455/2 1-87-3-2-2-83-3 455 15 (38.5) 10 (66.7) 2 (13.3) 3 (20) 0 (0) 0 (0) 13 (86.7) 13/15 (86.7)
544/2 1-87-3-2-2-97-3 455 4 (10.2) 1 (25) 2 (50) 0 (0) 0 (0) 0 (0) 3 (75) 3/4 (75)
545/2 1-12-3-2-2-104-3 545 4 (10.2) 3 (75) 0 (0) 0 (0) 0 (0) 0 (0) 3 (75) 3/4 (75)
208/2 1-3-3-2-2-97-3 92 3 (7.7) 0 (0) 1 (33.3) 0 (0) 0 (0) 0 (0) 3 (100) 1/3 (33.3)
436/2 1-3-3-2-2-103-3 92 2 (5.1) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 2 (100) 1/2 (50)
191/2 1-3-3-2-2-94-3 92 2 (5.1) 1 (50) 1 (50) 0 (0) 0 (0) 0 (0) 1 (50) 0/2 (0)
473/2 1-3-3-2-2-99-3 92 2 (5.1) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100) 1/2 (50)
456/217 11-65-14-20-37-83-15 456 1 (2.6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 1 (100)
546/2 1-3-3-2-2-66-3 92 1 (2.6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
547/2 1-3-3-2-2-157-3 92 1 (2.6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
548/N1 1-15-3-2-2-157-3 d 1 (2.6) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100)
549/129 18-3-3-2-1-99-4 555 1 (2.6) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100) 0 (0)
550/129 18-3-3-2-1-157-4 555 1 (2.6) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0) 1 (100) 0 (0)
551/129 18-15-3-2-1-106-4 d 1 (2.6) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0)
ISAB
208/2 1-3-3-2-2-97-3 92 2 (15.4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 1/2 (50)
552 21-35-2-28-1-145-4 552 2 (15.4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100) 1/2 (50)
485 33-12-59-11-32-158-5 d 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
546/2 1-3-3-2-2-66-3 92 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
553 21-35-2-28-1-157-4 552 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 1/1 (100)
554 1-31-12-11-4-103-3 d 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
679 56-100-137-7-51-99-74 d 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
680 21-101-3-28-32-172-5 d 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
681 1-102-59-28-1-83-45 d 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
683 2-38-42-1-1-185-49 d 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

MLST Z multilocus sequence typing; VAP Z ventilator-associated pneumonia; B/P Z Bartual’s PubMLST and Pasteur’s MLST.
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Table 2 Sequence types (ST), allelic profiles, clonal complex (CC), imipenem resistance genes, and attributable mortality of
Acinetobacter baumannii derived from patients with ventilator-associated pneumonia caused by imipenem-resistant A. bau-
mannii (IRAB) or imipenem-susceptible A. baumannii (ISAB)

ST (B/P) Allelic profiles CC Number of
isolates (%)

Carbapenem resistance genes Mortality
(%)Tn2006

No. (%)
Tn2008
No. (%)

ISAba1eblaOXA-51
No. (%)

ISAba3eblaOXA-58-
ISAba3 No. (%)

blaIMP
No. (%)

IRAB
455/2 1-87-3-2-2-83-3 455/2 11 (45.8) 10 (90.9) 1 (9.1) 0 (0) 0 (0) 0 (0) 3/11 (27.3)
544/2 1-87-3-2-2-97-3 455/2 4 (16.7) 4 (100) 0 (0) 0 (0) 0 (0) 0 (0) 2/4 (50)
208/2 1-3-3-2-2-97-3 92/2 2 (8.3) 1 (50) 1 (50) 0 (0) 0 (0) 0 (0) 1/2 (50)
556/N2 1-12-3-2-2-144-3 545 1 (4.2) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 1/1 (100)
456/217 11-65-14-20-37-83-15 456 1 (4.2) 0 (0) 0 (0) 0 (0) 1 (100) 1 (100) 1/1 (100)
473/2 1-3-3-2-2-99-3 92/2 1 (4.2) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
545/2 1-12-3-2-2-104-3 545/2 1 (4.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
555/129 18-3-3-2-1-144-4 555 1 (4.2) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
673/129 18-3-3-2-1-144-73 555 1 (4.2) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
676/2 1-3-3-2-2-184-3 92/2 1 (4.2) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
ISAB
436 1-3-3-2-2-103-3 92 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
556 1-12-3-2-2-144-3 545 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
674 11-20-14-20-37-83-15 456 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
675 11-65-14-21-37-83-15 456 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
677 55-65-136-65-27-172-57 d 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100)
678 26-99-43-20-25-83-28 d 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Figure 1. Population snapshot of 82 Acinetobacter baumannii isolates derived from patients in this study. Current existing clones
in Bartual’s PubMLST database analyzed using the eBURST algorithm were shown. The radial diagram reflects the predicted
evolutionary descent from the sequence type of the founder. A circle represents a sequence type, and its size corresponds to the
number of isolates. CC92 included ST208 with its derivative STs (ST191, ST436, ST473, ST546, ST547, and ST676). Novel CC455,
including ST455 and ST544, have a double-locus-variant relationship with ST92 and derived from CC92 following the evolutionary
line from ST208 to ST455. In addition to CC455, four other new clonal complexes (CC456, CC545, CC552, and CC555) descent from
ST456, ST545, ST552, and ST555 were also found and newly named by this study.
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Table 3 Comparison of clinical presentations of patients with ST455B/ST2P infections and those with non-ST455B/ST2P

infectionsa among the study population of all patients with bloodstream imipenem-resistant Acinetobacter baumannii ST2P

infections

Characteristic Patients with ST455B/ST2P

n Z 15
Patients with non-ST455B/ST2P

n Z 19
p

Demographic characteristics
Age (y) 64.8 � 18.1 66.6 � 18.0 0.930
Male 7 (46.7) 11(57.9) 0.516
Length of stay in hospital (d) 32.3 � 26.8 24.3 � 19.8 0.327
Length of stay in ICU (d) 12.1 � 4.3 8.8 � 3.0 0.014

Underlying diseases
Charlson score 3.7 � 2.7 4.1 � 3.0 0.700
Neoplastic diseaseb 7 (46.7) 11 (57.9) 0.516
Metastatic malignancyb 3 (20.0) 4 (21.1) 0.940
Cardiac disease 3 (20.0) 6 (31.6) 0.451
Cerebrovascular disease 1 (6.7) 4 (21.1) 0.264
Diabetes 5 (33.3) 1 (5.3) 0.059
Pulmonary disease 3 (20.0) 2 (10.5) 0.445
Hepatic disease 1 (6.7) 2 (10.5) 0.696
Renal disease 7 (46.7) 7 (36.8) 0.564
Peptic ulcer 1 (6.7) 5 (26.3) 0.165

Clinical severity
APACHE II score 26.6 � 4.7 23.0 � 5.0 0.040
Pitt bacteremia score 5.7 � 1.9 4.2 � 2.0 0.032
Attributable mortality 13 (86.7) 9 (47.3) 0.026

Inappropriate initial therapy 10 (66.7) 11 (57.9) 0.827

Data are presented as mean � standard deviation for continuous variables, and number of cases (%) for categorical variables.
APACHE II Z Acute Physiology and Chronic Health Evaluation II; ICU Z intensive care unit.
a Isolates of non-ST455B/ST2P are those belonging to ST2 in the Pasteur’s scheme but not ST455 in the Bartual’s scheme. They belonged

to ST544, ST545, ST208, ST436, ST191, ST473, ST546, and ST547 in the Bartual’s scheme.
b Neoplastic disease included metastatic malignancy and other primary neoplastic diseases.
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isolate with blaOXA-58. The isolate with ISAba3-blaOXA-58 also
carried ISAba3 in the downstream and showed high-level
resistance to imipenem (MIC � 16 mg/L). This isolate
belonged to ST456. One isolate belonging to ST456 harbored
Table 4 Logistic regression analysis of risk factors for mortali
bacter baumannii infection

Characteristic Nonsurvivors
n Z 24

Survivors
n Z 15

U

O

MLST genotypes
ST455B 13 (54.2) 2 (13.3)
ST2P 22 (91.7) 13 (86.7)

Demographic characteristics
Age (y) 64.4 � 17.6 68.9 � 20.0
Male 13 (54.1) 10 (66.7)

Underlying diseases
Charlson score 3.62 � 2.90 3.60 � 2.67 1

Clinical severity
APACHE II score 24.0 � 5.2 22.1 � 4.5
Pitt bacteremia score 5.3 � 1.9 4.0 � 2.2

Inappropriate initial therapy 18 (79.2) 4 (26.7) 1

Data are presented as mean � standard deviation for continuous var
* All variables with a p value < 0.20 in the univariate analysis were
multivariate analysis. A forward stepwise selection process was utilize
therapy were statistically significant risk factors for mortality.
APACHE II Z Acute Physiology and Chronic Health Evaluation II; CI Z

Please cite this article in press as: Lee H-Y, et al., Emergence in Tai
causing bloodstream infection in critical patients, Journal of Microbiol
j.jmii.2015.04.001
blaIMP-1 that offered all these isolates with high-level
resistance to imipenem as well. None of the isolates car-
ried blaOXA-40/blaOXA-24, blaIMP-2, blaVIM-1, blaVIM-2, or blaNDM-
1, blaADC, ISAba2, IS1008, or Tn2007 (ISAba4eblaOXA-23).
ty of patents with bloodstream imipenem-resistant Acineto-

nivariate analysis p Multivariate analysis* p

dds ratio (95% CI) Odds ratio (95% CI)

7.68 (1.42e41.69) 0.018 11.26 (1.45e87.78) 0.021
2.75 (0.40e18.80) 0.302

0.99 (0.95e1.02) 0.456
0.59 (0.16e2.26) 0.442

.003 (0.79e1.27) 0.978

1.18 (1.02e1.37) 0.030
1.39 (0.99e1.95) 0.058
0.45 (2.31e47.30) 0.002 14.31 (2.34e87.57) 0.004

iables, and number of cases (%) for categorical variables.
considered to be included in the logistic regression model in the
d. We found that only infection by ST455 and inappropriate initial

confidence interval.
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There was no significant difference in the number of
isolates carrying Tn2006 between blood and sputum IRAB
(25/39 vs. 18/24, p Z 0.416). Similar results were also
found in other carbapenem resistance genes (all p > 0.05).

Clinical outcomes

Among 34 patients with ST2P infection (87.2% of IRAB), 15
patients infected by ST455B/ST2P had higher attributable
mortality (p Z 0.026), higher APACHE II score (p Z 0.040),
higher Pitt bacteremia score (p Z 0.032), and longer ICU
stay (p Z 0.014) than 19 patients with non-ST455B/ST2P

infection (Table 3).
In multivariate logistic regression analysis for mortality

of the patients, infection by ST455B and inappropriate
initial antimicrobial therapy were statistically significant
risk factors for mortality (Table 4). For IRAB bacteremia,
patients given appropriate therapy (early effective antibi-
otics administered in 2 days) had a lower mortality (31.2%)
than those given inappropriate therapy (late therapy or
therapy with ineffective agents; 82.6%; p Z 0.002). Mean
culture reporting time was 3 days.

Patients with IRAB bacteremia showed higher mortality
(26/39, 66.7%) than those with ISAB bacteremia (3/13,
23.1%; p Z 0.009). Patients with IRAB bacteremia showed
higher mortality (26/39, 66.7%) than those with only IRAB
pneumonia (8/24, 33.3%; p Z 0.018). Patients with ST455
bacteremia showed higher mortality (13/15, 86.7%) than
those with non-ST455 bacteremia (16/37, 43.2%;
p Z 0.005).

Discussion

Although Pasteur’s scheme is considered to be the gold
standard of the MLST method in typing A. baumannii,6 we
found in this study that ST455B/ST2P can only be differen-
tiated from non-ST455B/ST2P by using Bartual’s scheme.
ST455B was first reported in Taiwan, however, it has been
reported to be the predominant clone among A. baumannii
isolates collected from 12 hospitals throughout Japan.20

ST455 also appeared in southern Taiwan (C.H. Chiu, un-
published data). Since the population structure of A. bau-
mannii seems to be highly diverse,21 it is important to use
an MLST scheme with a higher level of resolution to identify
any tiny but significant difference. In our study, nine
different STs (ST455, ST544, ST545, ST208, ST436, ST191,
ST473, ST546, and ST547) by Bartual’s scheme could not be
differentiated by Pasteur’s scheme and thus all nine
different STP belonged to ST2B. However, ST455B/ST2P

infection showed a significantly higher attributable mor-
tality than non-ST455B/ST2P (Table 3). The important clin-
ical difference can only be found using Bartual’s scheme
rather than Pasteur’s scheme. All ST455B/ST2P isolates
were collected from patients in ICUs in our hospital during a
12-month period. We have observed no temporal or
geographic association among these isolates. No outbreak
was found. By contrast, PFGE genotypes 1e7 could only be
differentiated by different MLST genotypes using Bartual’s
scheme rather than Pasteur’s scheme.

Although Bartual’s scheme was an important MLST
method for genotyping A. baumannii worldwide,4,6 no data
Please cite this article in press as: Lee H-Y, et al., Emergence in Tai
causing bloodstream infection in critical patients, Journal of Microbiolo
j.jmii.2015.04.001
were found by this method in Taiwan. Fifteen isolates in
2006 were analyzed using only Pasteur’s scheme in the
Taiwan Surveillance of Antimicrobial Resistance study and
all belonged to ST2P.22 In another study, a total of 19 MLST
types defined by Pasteur’s scheme were found among the
87 isolates examined in 2010.23 The predominant MLST
genotype, ST2P, was identified in 42 isolates and ST129P in
25 isolates.23 Likewise, ST2P and ST129P were the major
sequence types in isolates in this study. Again, Bartual’s
scheme has never been used in previous studies, and
identification of novel, clinically significant STs by Bartual’s
scheme was not possible in previous as well as current
studies.22,23

Most isolates in this study belonged to CC92B/CC2P,
which is currently the most prevalent clonal complex
worldwide.6,24 Currently, most clinical isolates in Asia, USA,
and Australia belong to CC92 and carried blaOXA-23.

25e29

AbaR4-type resistance islands that carried blaOXA-23 have
been detected in IRAB isolates from most Asian countries.25

In China, ST92 was the most prevalent clone and was found
in every province of the country.26,27 It is apparent that the
reason for the rapidly increasing carbapenem resistance in
China was the wide dissemination of imipenem-resistant,
blaOXA-23-like-producing CC92, especially ST92, ST75, and
ST138.27 By contrast, carbapenem-susceptible isolates in
China had a more diverse genetic background.27 In USA,
ST122 and ST208 are the most common and were found in
four of the six hospitals surveyed in previous studies.28,29

Carbapenemase-encoding genes blaOXA-23 and/or I SAba1-
blaOXA-51-like were present among the majority of these
isolates. First reported in Pittsburgh, St Louis, Los Angeles,
and Las Vegas in the USA in 2008e2009,28 ST208 was the
founder of our isolates belonging to CC92. ST208 was also
found in Denmark,30 Egypt, and China (http://pubmlst.org/
abaumannii/). In Australia, most clinical isolates of A.
baumannii also belong to ST92 and carry blaOXA-23.

24

IRAB appears to be more diverse in South America.31e33

However, blaOXA-23-like gene and AbaR-type genomic islands
widely distributed in CC92 were also found in different CCs.
In Brazil, CC104, CC109, and CC113 were found as pre-
dominant clones.33 Most IRAB isolates (72%) carried blaOXA-
23-like gene in Brazil.31 CC104 and CC113 were also found
common in Argentina. AbaR-type genomic islands have
been detected in most multidrug resistant A. baumannii
isolates (36/51) in Argentina, Uruguay, and Chile since
1986.32 CC113, CC103, and ST25 were the major clones in
Buenos Aires and Rosario and most of these clones carried
blaOXA-23-like.

33

We identified 26 novel STB and five novel CCB in this
study. Novel ST455B, contributing to 38.5% of IRAB
bacteremia, resulted in 86.7% attributable mortality,
which was much higher than previously reported.19,34 A
possible explanation for the successful spread of ST455 in
the hospitals is that they have a selective advantage over
other strains. Antimicrobial resistance is one such advan-
tage, and we found that all ST455 isolates showed high
imipenem resistance (MIC > 16 mg/L) and also resistance
to all other tested antibiotics except colistin and tigecy-
cline. In addition to 33.3% of isolates carrying Tn2008 or
ISAba1eblaOXA-51, 66.7% of ST455 bloodstream isolates
carried Tn2006 in an AbaR4-type resistance island. It is
difficult to give effective antibiotics for treating ST455
wan of novel imipenem-resistant Acinetobacter baumannii ST455
gy, Immunology and Infection (2015), http://dx.doi.org/10.1016/

http://pubmlst.org/abaumannii/
http://pubmlst.org/abaumannii/


8 H.-Y. Lee et al.

+ MODEL
infection in the 2 days before culture reporting (mean, 3
days). No administration of appropriate drugs in time
apparently resulted in high mortality among patients
infected by ST455. This clone might become a threat to
public health because higher attributable mortality, higher
APACHE II score, and higher Pitt bacteremia score were
found from patients with ST455B/ST2P infection. Increased
virulence of this clone deduced from this result needs
further study.

The majority of IRAB ST455 isolates showed a common
imipenem resistance genetic determinant, ISAba1eblaOXA-
23eISAba1 (Tn2006), located in an AbaR4-type resistance
island. Our previous study indicated that in Taiwan this
transposon had become the most common carbapenem
resistance gene in A. baumannii since 2009 and has
replaced ISAba1eblaOXA-51, the predominant resistance
mechanism from 1993 to 2007.17,19

ST455 bacteremia appeared to originate from VAP based
on three findings of this study: firstly, > 85% of ST455
bacteremia had a primary source of VAP; secondly, no sig-
nificant difference was found in the distribution of STs and
carbapenemase genes between blood isolates from
bacteremic patients and sputum isolates from patients with
VAP; and thirdly, all three paired isolates from blood and
sputum of the same patients showed the same MLST and
PFGE genotype, including two patients infected by ST455
(PFGE type 1) and one by ST544 (PFGE type 2).

In conclusion, A. baumannii has become the most com-
mon pathogen for nosocomial bloodstream infection in ICUs
in Taiwan since 2009.19 ST455B/ST2P, the predominant
clone of IRAB identified in this study, has been posing a
significant threat to patients’ health and has the potential
to cause a regional or global spread, given its highly path-
ogenic and resistant nature. Continued surveillance is
necessary. It is also important to detect and use effective
drugs to treat ST455B/ST2P infection earlier at the stage of
VAP rather than in the bacteremic stage to decrease
mortality.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors thank Professors Tzu-Lan Wu and Lin-Hui Su for
providing bacterial isolates and giving suggestions for this
study. This study was supported by grants from Ministry of
Science and Technology, Executive Yuan, Taiwan (100-2314-
B-182A-049, 102-2314-B-182A-023, and 103-2627-M-182A-
001) and Chang Gung Memorial Hospital (CMRPG490052,
CMRPG4C0031, and CMRPG3E0481), Taiwan.

References

1. Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii:
emergence of a successful pathogen. Clin Microbiol Rev 2008;
21:538e82.

2. Sheng WH, Liao CH, Lauderdale TL, Ko WC, Chen YS, Liu JW,
et al. A multicenter study of risk factors and outcome of
Please cite this article in press as: Lee H-Y, et al., Emergence in Tai
causing bloodstream infection in critical patients, Journal of Microbiol
j.jmii.2015.04.001
hospitalized patients with infections due to carbapenem-
resistant Acinetobacter baumannii. Int J Infect Dis 2010;14:
e764e9.

3. Hamouda A, Evans BA, Towner KJ, Amyes SG. Characterization
of epidemiologically unrelated Acinetobacter baumannii iso-
lates from four continents by use of multilocus sequence
typing, pulsed-field gel electrophoresis, and sequence-based
typing of blaOXA-51-like genes. J Clin Microbiol 2010;48:
2476e83.

4. Bartual SG, Seifert H, Hippler C, Luzon MA, Wisplinghoff H,
Rodrı́guez-Valera F. Development of a multilocus sequence
typing scheme for characterization of clinical isolates of Aci-
netobacter baumannii. J Clin Microbiol 2005;43:4382e90.

5. Diancourt L, Passet V, Nemec A, Dijkshoorn L, Brisse S. The
population structure of Acinetobacter baumannii: expanding
multiresistant clones from an ancestral susceptible genetic
pool. PLoS ONE 2010;5:e10034.

6. Zarrilli R, Pournaras S, Giannouli M, Tsakris A. Global evolution
of multidrug-resistant Acinetobacter baumannii clonal line-
ages. Int J Antimicrob Agents 2013;41:11e9.

7. Bonten MJ, Kollef MH, Hall JB. Risk factors for ventilator-
associated pneumonia: from epidemiology to patient man-
agement. Clin Infect Dis 2004;38:1141e9.

8. Bekaert M, Timsit JF, Vansteelandt S, Depuydt P, Vésin A,
Garrouste-Orgeas M, et al. Attributable mortality of ventilator-
associated pneumonia: a reappraisal using causal analysis. Am
J Respir Crit Care Med 2011;184:1133e9.

9. Chuang YC, Sheng WH, Li SY, Lin YC, Wang JT, Chen YC, et al.
Influence of genospecies of Acinetobacter baumannii complex
on clinical outcomes of patients with acinetobacter bacter-
emia. Clin Infect Dis 2011;52:352e60.

10. Lee YT, Kuo SC, Yang SP, Lin YT, Tseng FC, Chen TL, et al.
Impact of appropriate antimicrobial therapy on mortality
associated with Acinetobacter baumannii bacteremia: relation
to severity of infection. Clin Infect Dis 2012;55:209e15.

11. Chang HC, Wei YF, Dijkshoorn L, Vaneechoutte M, Tang CT,
Chang TC. Species-level identification of isolates of the Aci-
netobacter calcoaceticuseAcinetobacter baumannii complex
by sequence analysis of the 16S-23S rRNA gene spacer region. J
Clin Microbiol 2005;43:1632e9.

12. Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing: twenty-first
informational supplement. CLSI document M100-S23. Wayne,
PA: Clinical and Laboratory Standards Institute; 2013.

13. Jones RN, Ferraro MJ, Reller LB, Schreckenberger PC,
Swenson JM, Sader HS. Multicenter studies of tigecycline disk
diffusion susceptibility results for Acinetobacter spp. J Clin
Microbiol 2007;45:227e30.

14. Feil EJ, Li BC, Aanensen DM, Hanage WP, Spratt BG. eBURST:
inferring patterns of evolutionary descent among clusters of
related bacterial genotypes from multilocus sequence typing
data. J Bacteriol 2004;186:1518e30.

15. Peleg AY, Potoski BA, Rea R, Adams J, Sethi J, Capitano B,
et al. Acinetobacter baumannii bloodstream infection while
receiving tigecycline: a cautionary report. J Antimicrob Che-
mother 2007;59:128e31.

16. Tenover FC, Arbeit RD, Goering RV, Adams J, Sethi J,
Capitano B, et al. Interpreting chromosomal DNA restriction
patterns produced by pulsed-field gel electrophoresis criteria
for bacterial strain typing. J Clin Microbiol 1995;33:2233e9.

17. Lee HY, Chang RC, Su LH, Liu SY, Wu SR, Chuang CH, et al. Wide
spread of Tn2006 in an AbaR4-type resistance island among
carbapenem-resistant Acinetobacter baumannii clinical iso-
lates in Taiwan. Int J Antimicrob Agents 2012;40:163e7.

18. Al-Agamy MH, Khalaf NG, Tawfick MM, Shibl AM, Kholy AE.
Molecular characterization of carbapenem-insensitive Acine-
tobacter baumannii in Egypt. Int J Infect Dis 2014;22:49e54.
wan of novel imipenem-resistant Acinetobacter baumannii ST455
ogy, Immunology and Infection (2015), http://dx.doi.org/10.1016/

http://refhub.elsevier.com/S1684-1182(15)00728-8/sref1
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref1
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref1
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref1
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref2
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref2
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref2
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref2
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref2
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref2
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref3
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref4
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref4
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref4
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref4
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref4
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref5
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref5
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref5
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref5
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref6
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref6
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref6
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref6
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref7
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref7
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref7
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref7
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref8
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref8
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref8
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref8
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref8
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref9
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref9
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref9
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref9
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref9
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref10
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref10
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref10
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref10
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref10
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref11
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref12
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref12
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref12
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref12
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref13
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref13
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref13
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref13
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref13
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref14
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref14
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref14
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref14
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref14
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref15
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref15
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref15
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref15
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref15
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref16
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref16
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref16
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref16
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref16
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref17
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref17
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref17
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref17
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref17
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref18
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref18
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref18
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref18


Imipenem-resistant Acinetobacter baumannii ST455 9

+ MODEL
19. Lee HY, Chen CL, Wu SR, Huang CW, Chiu CH. Risk factors and
outcome analysis of Acinetobacter baumannii complex
bacteremia in critical patients. Crit Care Med 2014;42:
1081e8.

20. Tada T, Miyoshi-Akiyama T, Shimada K, Shimojima M, Kirikae T.
Dissemination of 16S rRNA methylase ArmA-producing Acine-
tobacter baumannii and emergence of OXA-72 carbapenemase
coproducers in Japan. Antimicrob Agents Chemother 2014;58:
2916e20.

21. Wisplinghoff H, Hippler C, Bartual SG, Haefs C, Stefanik D,
Higgins PG, et al. Molecular epidemiology of clinical Acineto-
bacter baumannii and Acinetobacter genomic species 13TU
isolates using a multilocus sequencing typing scheme. Clin
Microbiol Infect 2008;14:708e15.

22. Chuang YC, Sheng WH, Lauderdale TL, Li SY, Wang JT, Chen YC,
et al. Molecular epidemiology, antimicrobial susceptibility and
carbapenemase resistance determinants among Acinetobacter
baumannii clinical isolates in Taiwan. J Microbiol Immunol
Infect 2014;47:324e32.

23. Chen CM, Ke SC, Li CR, Chang CC. The comparison of geno-
typing, antibiogram, and antimicrobial resistance genes be-
tween carbapenem-susceptible and -resistant Acinetobacter
baumannii. Comp Immunol Microbiol Infect Dis 2014;37:
339e46.

24. Runnegar N, Sidjabat H, Goh HM, Nimmo GR, Schembri MA,
Paterson DL. Molecular epidemiology of multidrug-resistant
Acinetobacter baumannii in a single institution over a 10-
year period. J Clin Microbiol 2010;48:4051e6.

25. Kim DH, Choi JY, Kim HW, Kim SH, Chung DR, Peck KR, et al.
Spread of carbapenem-resistant Acinetobacter baumannii
global clone 2 in Asia and AbaR-type resistance islands. Anti-
microb Agents Chemother 2013;57:5239e46.

26. Ruan Z, Chen Y, Jiang Y, Zhou H, Zhou Z, Fu Y, et al. Wide
distribution of CC92 carbapenem-resistant and OXA-23-
producing Acinetobacter baumannii in multiple provinces of
China. Int J Antimicrob Agents 2013;42:322e8.
Please cite this article in press as: Lee H-Y, et al., Emergence in Tai
causing bloodstream infection in critical patients, Journal of Microbiolo
j.jmii.2015.04.001
27. He C, Xie Y, Fan H, Kang M, Tao C, Zhang R, et al. Spread of
imipenem-resistant Acinetobacter baumannii of European
clone II in Western China. Int J Antimicrob Agents 2011;38:
257e60.

28. Adams-Haduch JM, Onuoha EO, Bogdanovich T, Tian GB,
Marschall J, Urban CM, et al. Molecular epidemiology of
carbapenem-nonsusceptible Acinetobacter baumannii in the
United States. J Clin Microbiol 2011;49:3849e54.

29. Davies TA, Marie Queenan A, Morrow BJ, Shang W, Amsler K,
He W, et al. Longitudinal survey of carbapenem resistance and
resistance mechanisms in Enterobacteriaceae and non-
fermenters from the USA in 2007e2009. J Antimicrob Chemo-
ther 2011;66:2298e307.

30. Tan SY, Chua SL, Liu Y, Høiby N, Andersen LP, Givskov M, et al.
Comparative genomic analysis of rapid evolution of an
extreme-drug-resistant Acinetobacter baumannii clone.
Genome Biol Evol 2013;5:807e18.

31. Clı́maco EC, Oliveira ML, Pitondo-Silva A, Oliveira MG,
Medeiros M, Lincopan N, et al. Clonal complexes 104, 109 and
113 playing a major role in the dissemination of OXA-
carbapenemase-producing Acinetobacter baumannii in South-
east Brazil. Infect Genet Evol 2013;19:127e33.

32. Ramı́rez MS, Vilacoba E, Stietz MS, Merkier AK, Jeric P,
Limansky AS, et al. Spreading of AbaR-type genomic islands in
multidrug resistance Acinetobacter baumannii strains
belonging to different clonal complexes. Curr Microbiol 2013;
67:9e14.

33. Stietz MS, Ramı́rez MS, Vilacoba E, Merkier AK, Limansky AS,
Centrón D, et al. Acinetobacter baumannii extensively drug
resistant lineages in Buenos Aires hospitals differ from the in-
ternational clones I-III. Infect Genet Evol 2013;14:294e301.

34. Liu CP, Shih SC, Wang NY, Wu AY, Sun FJ, Chow SF, et al. Risk
factors of mortality in patients with carbapenem-resistant
Acinetobacter baumannii bacteremia. J Microbiol Immunol
Infect 2014. http://dx.doi.org/10.1016/j.jmii.2014.10.006
[Epub ahead of print].
wan of novel imipenem-resistant Acinetobacter baumannii ST455
gy, Immunology and Infection (2015), http://dx.doi.org/10.1016/

http://refhub.elsevier.com/S1684-1182(15)00728-8/sref19
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref19
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref19
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref19
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref19
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref20
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref20
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref20
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref20
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref20
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref20
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref21
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref21
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref21
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref21
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref21
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref21
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref22
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref22
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref22
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref22
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref22
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref22
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref23
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref23
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref23
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref23
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref23
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref23
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref24
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref24
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref24
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref24
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref24
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref25
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref25
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref25
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref25
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref25
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref26
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref26
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref26
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref26
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref26
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref27
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref27
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref27
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref27
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref27
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref28
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref28
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref28
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref28
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref28
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref29
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref30
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref30
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref30
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref30
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref30
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref31
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref31
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref31
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref31
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref31
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref31
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref32
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref32
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref32
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref32
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref32
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref32
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref33
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref33
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref33
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref33
http://refhub.elsevier.com/S1684-1182(15)00728-8/sref33
http://dx.doi.org/10.1016/j.jmii.2014.10.006

	Emergence in Taiwan of novel imipenem-resistant Acinetobacter baumannii ST455 causing bloodstream infection in critical pat ...
	Introduction
	Materials and methods
	Study patients and inclusion criteria
	Clinical data collection and definitions
	Bacterial isolates and antimicrobial susceptibility
	MLST
	Pulsed-field gel electrophoresis
	Polymerase chain reaction and sequencing
	Statistical analysis

	Results
	Clinical isolates
	Sequence types, antimicrobial susceptibilities, and PFGE genotypes
	Imipenem resistance genes
	Clinical outcomes

	Discussion
	Conflicts of interest
	Acknowledgments
	References


