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Abstract Background: The global spread of carbapenem-resistant Acinetobacter baumannii
(CRAB) is now a public health problem. In Taiwan, the relationship of the CRAB circulation between long-term care facilities (LTCFs) and acute care hospitals remains unclear. Here, we use
molecular epidemiologic methods to describe the transmission of CRAB isolates between a
community hospital and its affiliated LTCFs.
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Methods: Subjects localized in eight LTCFs who were not admitted acute care hospitals in
recent a year were enrolled in this study. CRAB isolates were collected during June 1, 2015
and December 31, 2015. DNA fingerprinting was performed by repetitive extragenic palindromic sequence-based polymerase chain reaction (Rep-PCR) and multilocus sequence typing
(MLST). Multiplex-PCR amplification for the detection of blaOXA genes and beta-lactamase
genes was performed.
Results: Twenty one subjects were enrolled. The major hospital admission diagnoses among
the 21 subjects were pneumonia (71.4%). Genotyping of CRAB isolates by Rep-PCR revealed
that a major clone, designated as type III, comprised fifteen of 21 (71.4%) isolates taken from
5 LTCFs and one study hospital. The isolates with type III were subtyped by PubMLST into 4 ST
types. The most prevalent blaOXA genes in these isolates were blaOXA-23-like (85.70%, 18/21).
Twenty isolates carried blaSHV.
Conclusion: Clonal spread of blaOxA-23-carrying CRABs was found around LTCFs and the affiliated hospital. In Taiwan, it is important for the government to focus attention on the importance of identifying and tracing CRAB infections in LTCFs.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
An increasingly disabled and aging population has become a
major concern worldwide.1 It is an increasing demand for
long-term care services because of the dwindling function
of family care and low-quality of patients care for some
foreign caregivers. However, acute care is limited at longterm care facilities (LTCFs), and it is a trend which
prompts LTCFs to cooperate with community hospitals to
continue to provide elderly quality care and acute care.
The increasing use of oral antibiotics, crowded LTCFs’
environment, and colonized or infected LTCFs’ residents
may act as vectors for the transfer of multi-drug resistant
micro-organisms (MDRO) into other vulnerable patients.2
Analyzing the dissemination of MDRO in LTCFs, at least
four possible reasons were related. First is previous antibiotics exposure. It is possible that frequent use of oral
antibiotics in LTCFs may select for MDRO. Second is poor
compliance of hand hygiene. Because hand-washing rates
during patient care often are low among LTCFs’ personnel.
Third is cross-transmission. Even if LTCFs’ residents have
not been hospitalized recently, they are likely to be
exposed to the flora of other LTCFs’ residents who shuttle
between LTCFs and a hospital. Colonized or infected LTCFs’
residents may serve as MDRO reservoirs. Lastly is from
LTCFs’ environments. The ubiquity of MDROs in their environments is another potential threat to weaker residents
and patients among hospitals, LTCFs and the community.3
However, the direction of transmission in the overall
epidemiology of MDRO is not still known.
Among MDROs, Acinetobacter baumannii (A. baumannii)
has emerged as a major pathogen causing a multitude of
infections, and the prevalence of multidrug resistant
A baumannii (MDRAB) has risen in the past few decades
in Taiwan.4 The distribution of A. baumannii carrying these
different acquired carbapenemase-hydrolyzing class D
b-lactamases (CHDLs) genes varies among different regions
and hospitals.5 The most common acquired CHDL gene
of carbapenem-resistant A. baumannii (CRAB) in many

AsiaePacific countries is blaOxA-23.6 To date, at least 13
variants of blaOXA-23 have been described in more than 50
countries.7 Despite several studies related to the prevalence of CRABs in acute care hospitals have been reported,
studies on the CRAB spread between LTCFs and acute care
hospital are scarce.8
This study hospital signed cooperative agreements with
24 nearby LTCFs, and the number of collaborated LTCFs is
the second largest in Taiwan. This is a representative
institute to evaluate how CRAB spread between LTCFs and a
community hospital. Here, we designed a cross-sectional
study to describe the relationship to CRAB colonization/
infection between a community hospital and the collaborated LTCFs. We also propose possible directions of the
spreading of CRAB between a community hospital and the
collaborated LTCFs.

Materials and methods
Study population and data collection
The study was approved by the Ethics Committee of the
Changhua Christian Hospital (CCH IRB No. 140318). This
prospective cross-sectional study was performed a culture
concerning CRAB colonization/infection in collaborated
LTCFs and a study hospital located in central Taiwan between June 1, 2015 and December 31, 2015. Samples were
collected for all symptomatic patients at time of admission
to the study hospital from collaborated LTCFs. The LTCFs’
residents, who had been admitted to acute care institutes
in recent a year, were excluded. The geographic relationship is listed in Supplementary file 1. When LTCFs’ residents
admitted to the study hospital from the collaborated
LTCFs, we performed a culture on if they had fevers or
systemic inflammatory response syndrome. Physician
screened the subjects from the collaborated LTCFs for
using the definition of systemic inflammatory response
syndrome.9 After early microbiological survey, cases of
CRAB were identified from microbiological databases
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according to the clinical microbiologists’ sentinel report.
Cases in which CRAB was isolated from clinical specimens
were selected for review. Each patient had a medical record which contained medical diagnoses, surgical interventions, and other key information from medical
records. Risk factors for CRAB infection and patient demographic data were recorded as follows: living arrangements, patient age, gender, diagnosis at discharge,
comorbidities, antibiotic prescriptions, microbiological
data and outcome. The scoring system for risk assessment
to get CRAB colonization/infection divided into three factors, including patient factor, disease factor at admission,
and duration factor (Supplementary file 2). The outcome
was defined as (1) expired group who was passed away in
this admission, (2) survival group who was survived in this
admission, and (3) referral group who was referred to
medical center for further management during this
admission.

Sample collection and identification of CRAB
Only A. baumannii from clinical microbiologists’ sentinel
report were included and all of CRAB were sent to reference laboratory. All imipenem-resistant Acinetobacter spp.
in the study were stored at 70  C in trypticase soy broth
(Difco Laboratories, Detroit, MI, USA) supplemented with
20% glycerol until they were tested. The microbiological
methods used for the identification of A. baumannii were as
previously described.10 In brief, the clinical CRAB strains
were isolated and identified using the Vitek system (bioM
áerieux Vitek, Hazelwood, Mo., USA), and characterization
of these isolates as A. baumannii or non-baumannii Acinetobacter was performed by one-tube multiplex PCR on the
basis of the method of Chen et al.11 Susceptibilities to
antimicrobial agents were determined by the disk diffusion
method in accordance with the guidelines of the Clinical
and Laboratory Standards Institute.12 The agents tested
included amikacin, ceftazidime, ciprofloxacin, ceftriaxone,
gentamicin, imipenem-cilastatin, levofloxacin, ampicillin/
sulbactam,
trimethoprim/sulfamethoxazole,
and
piperacillin-tazobactam. The minimum inhibitory concentration (MIC) of imipenem in all 21 CRAB isolates were reconfirmed according to the guidelines of the Clinical Laboratory Standards Institutes.13

Detection of resistant genes and molecular typing
of CRAB
Deoxyribonucleic acid (DNA) was extracted using a Wizard
genomic DNA purification kit (Promega, Madison, WI)
following the manufacturer’s protocol and immediately
stored at 20  C. PCR amplification was performed using a
GeneAmp 2720 thermal cycler (PE Applied Biosystems,
Foster City, Calif., USA). The primers used in this study
were listed in Supplementary File 3. DNA fingerprinting was
performed by repetitive extragenic palindromic sequencebased polymerase chain reaction (Rep-PCR).14 Briefly, the
REP-PCR profiles of the A. baumannii strains were analyzed
using Numerical Taxonomy and Multivariate Analysis System
version 2.0 (Applied Biostatistics Inc., Setauket, New York).
Cluster analysis for REP-PCR DNA fingerprints was
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performed by constructing a dendrogram using the bandsbased dice coefficient method. A similarity matrix was
generated and subsequently clustered using the unweighted pair group method with arithmetic means. The
cut off value for group similarity was defined as 79%.
The A. baumannii isolates were grouped according to
the REP-PCR fingerprinting patterns, and then the main
group was analyzed by multilocus sequence typing (MLST).
The MLST profiles were deduced as described in the protocols of the PubMLST (http://pubmlst.org/abaumannii/)
databases. Clonal complexes (CCs) were defined as
containing at least three STs sharing the same allele
numbers in at least six of seven loci. The graphic results
included different circles to illustrate the relationships
between different STs. CCs were determined by eBURST
version 3 (http://eburst.mlst.net).
Multiplex-PCR amplification for the detection of blaOXA
genes was performed as previously described.15 The genetic
elements carrying the blaOXA-51-like genes were investigated
by PCR mapping using ISAba1 forward/OXA-51-like reverse
primers, while the genetic elements carrying the blaOXA-23like genes were investigated using ISAba1 forward/OXA-23like reverse primers.16 PCR amplification of 19 betalactamase genes, including extended-spectrum b-lactamase genes, ampC b-lactamase genes and carbapenemase
genes, were following the directions of Dallenne et al.17 To
completely identify the PCR amplicons, the amplicons were
subjected to DNA sequencing using an ABI 3730 XL DNA
Analyzer (Applied Biosystems, Foster City, CA, USA). DNA
sequences were compared to those registered in the National Center for Biotechnology Information (NCBI)
database.

Statistical analysis
We used descriptive statistics to describe the demographic
characteristics, risk assessment and outcome.

Results
Description of enrolled subjects
Flow chart of study subjects enrolled in this study is listed
at Fig. 1. In brief, a total of 592 visits of resident-time from
8 collaborated LTCFs were admitted to the study hospital
during June 1, 2015 and December 31, 2015. Cultures
collected for 498 visits of resident-time who had severe
inflammation response symptoms and impressions of
infection by physician at time of admission to an affiliated
community hospital (study hospital) from 8 collaborated
LTCFs. A total of 21 subjects, whose microbiological report
showed CRAB and who had not been hospitalized in recent
one year, were enrolled according to the protocol. The
general information of 8 LTCFs and one study hospital are
listed in Supplementary file 4. The bed capacity of 8 LTCFs
ranted from 30 to 498 beds. The number of cared residence
by each registered nursing and by each nursing assistant are
1:15 and 1:5, respectively. Total number of admission to
the study hospital ranged from 4 to 22 person times during
the study period. In Table 1, 14 out of 21 (66.7%) patients
were male, and the mean age (stand deviation, SD) was
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Figure 1. Flow chart of study subjects enrolled in this study. )1 The clinical CRAB strains were isolated and identified using the
Vitek system. The screening method for antimicrobial susceptibilities to antimicrobial agents were determined by the disk diffusion
method,12 and the result was shown at Supplementary Table 4. Abbreviation: CRAB: Carbapenem-resistant Acinetobacter baumannii; LTCF: long-term care facilities.

76.1  9.0 years. The mean (stand deviation, SD) of the
risk score for each patient was 9.0  1.3 years. The top
three major diagnoses at admission were pneumonia (15
patients), urinary tract infection (7 patients), and bacteremia (6 patients). The mean number (SD) of comorbidities was 6.5  1.4 diseases, and most of the patients showed chronic obstructive pulmonary disease, and
type 2 diabetes mellitus (DM) (Supplementary file 5). There
was also an incident of an old cerebrovascular accident.
The mean number (SD) of antibiotics used during the
hospitalization period was 2.6  1.2, and the majority was
b-lactams. The three most common clinical isolates from 21

patients during the hospitalization period were Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia
coli. The all-cause mortality rate is 42.1% (8/19). The risk
assessment showed no strong statistical significance
because the risk assessment score from each of 19 subjects
is high and the sample size is small (Table 1).

Distribution of CRAB
A total of 21 A. baumannii isolates were collected during
the study period. These isolates were found to be coresistant to most of the commonly used antimicrobial
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Table 1
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Risk assessment of the 21 patients with CRAB infections.

Number

Living
arrangements

Age

Gender

Major final
diagnosis

Risk assessment for
score of patient
factoredisease
factoreduration
factor

Sample

CRAB type

Outcome

1
2
3
4
5

H2-2
H5-1
H5-2
H7-1
H8-1

74
59
84
76
85

M
F
M
M
F

4-3-3
3-3-3
4-3-3
4-3-3
3-3-3

Urine
Urine
Sputum
Sputum
Sputum

III
III
III
III
III

Sur
Exp
Sur
Sur
Sur

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

N-1
N-2
N-3
N-4
N-5
N-6
H6-1
H6-2
H6-3
H6-4
H2-5
H2-6
H3-1
H4-1
H1-1
H2-1

69
86
78
83
66
84
78
60
78
76
78
58
84
72
91
80

F
M
M
F
M
M
M
M
F
M
M
M
M
M
M
M

UTI
UTI
UTI
Pn
BacT, Pn, UTI,
PleuEm
BacT, Pn
Pn
BacT,UTI
Pn
Pn, UTI, Fasc
Pn
Pn
DecU
BacT, UTI
BacT, Pn
Pn
Pn
Pn
Pn
Pn
BacT, PleuEM, Pn

3-3-3
4-3-3
4-3-3

Blood
Sputum
Urine
Sputum
Urine
Sputum
Sputum
Abscess
Sputum
Sputum
Sputum
Sputum
Urine
Sputum
Sputum
Sputum

III
III
III
III
III
III
III
III
III
III
IV
V
VI
VI
VII
VIII

Ref
Sur
Exp
Ref
Exp
Exp
Sur
Sur
Exp
Exp
Sur
Sur
Sur
Sur
Exp
Exp

4-3-3
4-3-3
4-3-3
4-3-3
3-3-3
4-3-3
4-3-2
4-3-2
4-3-2
4-3-2
4-3-2
4-3-2

Notes: This score is according to the risk assessment by Supplementary file 2. The expired group is defined as all-cause mortality.
Abbreviations: BacT, bacteremia; CRAB: carbapenem-resistant Acinetobacter baumannii; Exp: expired; Fasc: fasciitis; DecU, decubitus
ulcer; PleuEm: pleural empyema; Pn, Pneumonia; Ref: referral to another institute; Sur: survival; UTI, urinary tract infection.

agents (Supplementary file 6). The blaOXA-51-like gene
(100%, 21/21) was present in all of the isolates. Other than
the blaOXA-51-like gene, the most prevalent blaOXA genes in
these isolates were blaOXA-23-like (85.70%, 18/21), and
blaOXA-24-like (14.3.0%, 3/21) genes (Fig. 2).
Genotyping by Rep-PCR revealed that eight types (III-X)
were present in all the isolates. Fifteen of 21 (71.4%) isolates taken from 5 LTCFs (H2, H5, H6, H7, H8) and one study
hospital (N), belonged to type III. Moreover, all of the 21
isolates were not clonally related to TYTH-1,18 which was
previously regarded as an endemic clone in northern
Taiwan. Type III group was further subtyped by PubMLST
into four sequence types (ST), including ST 729, ST 687, ST
473 and ST 550. ST 473, carrying blaOXA-23 and blaOXA-51 in
the H6 LTCF, belonged to clonal complex 92
(Supplementary file 7). ST 729 and ST550 had appeared in
the N hospital, whereas ST687 had appeared in the H5, H7,
and H8 LTCFs. Nineteen beta-lactamase genes was
analyzed in all the isolates and only four genes were
detected. In total, 20 (95%) CRAB isolates contained blaSHV,
one carried bla CTX-M and bla DHA-1, and one carried bla CTX-

Discussion
This is the first cross sectional study to evaluate the CRAB
spread in LTCFs and an affiliated community hospital. The

inter-hospital and intra-hospital dissemination of MDR A.
baumannii was supported by several studies in Taiwan.19
However, the direction of CRAB spread between residents
of LTCFs and acute care hospitals is limited reported. This
study confirmed previous findings of CRAB in both kinds of
institutes20 and provides a clearer context of the CRAB
profile observed from LTCFs and a collaborative community
hospital. The emergence of CRAB is a major public health
concern.4 Chen CH et al.’s reports showed the important
risk factors contributing to become susceptible CRAB infections,4 and our preliminary data of risk assessment
showed no strong statistical significance because of all high
scores and a small sample size (Table 1). Recent studies
have shown that the outcomes of infections with these
bacteria are worse than those caused by susceptible organisms, and LTCFs’ residents may be a source of transmission in acute hospital settings.21,22 The aging population
is rapidly increasing in the next 10 years in Taiwan.
Therefore, specific monitoring and infection control measures in LCTFs and a collaborative community hospital have
significant implications for health services.
Carbapenem resistance in A. baumannii is demonstrated
by coexisting mechanisms including decrease in permeability of the outer membrane, efflux pumps, production of
b-lactamases, and modification of penicillin-binding proteins.23 Mostly, the resistance of A. baumannii to
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Figure 2. Dendrogram illustrating the genetic relatedness of the carbapenem-resistant Acinetobacter baumannii isolates. Results were obtained by Rep-PCR and MLST and the mobile insertion sequence ISAba1 for 21 isolates of CRAB from 8 LTCFs (H1eH8)
and a community hospital (N) in the Nantou area of Taiwan and 2 reference strains (A. baumannii ATCC 17978 and A. baumannii
TYTH-1 x). x The reference of A. baumannii TYTH-1 was cited from Liu CC.16 Abbreviation: CRAB: carbapenem-resistant Acinetobacter baumannii; LTCF: long-term care facilities; MLST: multilocus sequence typing; Rep-PCR: repetitive-sequence-polymerase
chain reaction.

carbapenem has been associated with CHDLs. Moreover,
high-level carbapenem resistance attributable to the
expression of genes encoding CHDLs requires a strong promoter such as that of the mobile insertion sequence ISAba1.
Except for the H6-2 strain, all the isolates carried ISAba1
ahead of CHDL genes. Eighteen of 21 (85.7%) isolates carried the ISAba1-blaOxA-23 element, and ten of 21 (47.6%)
isolates carried the ISAba1-blaOxA-51 element (Fig. 2). A
baumannii strains carrying blaOxA-23 were the mostly common strains in our study, which was consistence with previous studies,6,16,24 and blaOXA-23 was also the most
prevalent CHDL gene in all study hospitals. Although all
CRAB isolates had carried blaOxA-51 in this study, ISAba1
carrying the promoter was essential for its contribution to
carbapenem resistance.25
The prevalence of MDROs in countries localized in
AsiaePacific areas, such as China and Taiwan, has become a
serious problem.2 In this study, we found that 95.2% (20/21)
isolates contained blashv. And, the carrying rate of blashv in
our study was relatively high when compared to similar
studies conducted in LTCFs worldwide.22 In our study
showed one CRAB carry bla CTX-M and bla DHA-1 within the 8
LTCFs and one collaborative community hospital. None of
our isolates carried blaTEM.
Rep-PCR and MLST has been successfully applied to
analysis of molecular epidemiology.14 It has been reported
that bacteria isolated from different regions of the world
can share a few common genetic characteristics. By RepPCR typing, our study showed that the cloneages of all of
the isolates differed from an endemic clone (TYTH-1) in
northern Taiwan, implied that clonal transmission of CRAB
was still restricted to the local area. Most importantly, that
clonal spread of CRAB among the 5 LTCFs and their associated hospital was observed from LTCFs to hospital. Based
on MLST typing, our study showed that ST 473 is the most

widespread strain in H6, and the results of eBURST indicated that ST 473 belongs to the CC 92, the largest and
most widespread clonal complex in the world. ST 473 had
been detected in China26 and Taiwan.27 That could be a
clue of a predominant clone with ST 473 CRAB carrying
blaOXA-23 and blaOXA-51 spreading among H6. In addition, H6
is very close to its collaborated hospital (N), and that would
be a thread to become a clonal spread from LTCFs to hospital among the local areas. In Taiwan, infection control
guidelines are difficult to perform in LTCFs due to the
complexity of governance. High fecal carriage of extendedspectrum b-lactamases in the LTCFs’ residents were disclosed in our previous report.22 Thus, implementing effective infection control policies may be required to monitor
and prevent the dissemination of CRAB in LTCFs and a
collaborative community hospital.
Our study has several strong advantages. Most importantly, we accumulated a complete seven-month clinical
and microbiological dataset to evaluate the CRAB spread
from LTCFs to hospital. Firstly, we excluded the LTCFs’
residents who had been hospitalized from acute care institutes in recent one year in order to differentiate isolates
being LTCF-acquired from isolates being hospital-acquired
because Zimmerman FC’s study showed 39% of patients had
positive culture for carbapenem-resistant Enterobacteriaceae after discharged at 1 year.28 Secondly, only symptomatic patients at time of admission to the study hospital
from LTCFs were enrolled for cultures. Our study population represented the status of CRAB infection rather than
the status of CRAB colonization. Then, the study hospital
signed cooperative agreements with 24 nearby LTCFs, and
the number of collaborated LTCFs is the second largest in
Taiwan. This is a representative model to evaluate how
CRAB spread between LTCFs and a community hospital. In
this study, we investigated CRAB spread by analysis of the
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resistant gene spectra in individual subjects. Thus, our
findings provided important epidemiological information
about CRAB spread between LTCFs and a community
hospital.
There are also some important limitations to this study.
First, we had a small number of enrolled subjects (21 subjects) and no accurate denominator data were able to record. Hence, the prevalence of CRAB in LTCFs was not able
to address in this study. Second, we performed Rep-PCR
and MLST but we did not perform large-scaled molecular
typing for CRAB, hence it’s unable to confirm the outbreak
event in the study hospital. Thirdly, the study is descriptive
statistical analyses but no statistical analyses for correlations were conducted. Hence, it’s unable to calculate the
correlation accurately. Finally, there were several variables, including the timing of the enrolled subjects and the
different healthcare workers with different clinical conditions between every institutes, which could have interfered
with the results of the study. However, it is necessary to
continue our study to evaluate the prevalence of CRAB
profiles between LTCFs and a community hospital as well as
to clarify the causality between different kinds of healthcare institutes.

Conclusion
In this study, we found a predominant clonal spread of
blaOxA-23-carrying CRAB among a community hospital (study
hospital) and its collaborated LTCFs in central Taiwan. In
addition, we disclosed a predominant CRAB with ST 473 in
H6. In Taiwan, the government needs to focus more
attention on the importance of identifying and tracing
resistant pathogens and issuing notifications of CRAB infections in LTCFs.

Funding information
The present work was partially supported by a grant obtained from National Taiwan University Hospital Hsin-Chu
Branch (105-HCH011) and the Changhua Christian Hospital
(grant 104-CCH-IPR-001, grant 105-CCH-IPR-001).

Competing interests
The authors declare that they have no competing interests.

Acknowledgements
We would like to thank Dr. Ming-Chuan Chang, Dr. Chun-Yi
Lai, Mr. Chia-Hui Lin, Mr. Li-Chuan Hsiao and Mr. Pei-Chyi
Yang in Nantou Christian Hospital for their technical
assistance.

References
1. Kato G, Tamiya N, Kashiwagi M, Sato M, Takahashi H. Relationship between home care service use and changes in the
care needs level of Japanese elderly. BMC Geriatr 2009;9:58.

383
2. Wiener J, Quinn JP, Bradford PA, Goering RV, Nathan C, Bush K,
et al. Multiple antibiotic-resistant Klebsiella and Escherichia
coli in nursing homes. JAMA 1999;281:517e23.
3. March A, Aschbacher R, Dhanji H, Livermore DM, Bottcher A,
Sleghel F, et al. Colonization of residents and staff of a longterm-care facility and adjacent acute-care hospital geriatric
unit by multiresistant bacteria. Clin Microbiol Infect 2010;16:
934e44.
4. Chen CH, Lin LC, Chang YJ, Chen YM, Chang CY, Huang CC.
Infection control programs and antibiotic control programs to
limit transmission of multi-drug resistant Acinetobacter baumannii infections: evolution of old problems and new challenges
for institutes. Int J Environ Res Public Health 2015;12:8871e82.
5. Lu PL, Doumith M, Livermore DM, Chen TP, Woodford N. Diversity of carbapenem resistance mechanisms in Acinetobacter
baumannii from a Taiwan hospital: spread of plasmid-borne
OXA-72 carbapenemase. J Antimicrob Chemother 2009;63:
641e7.
6. Mendes RE, Bell JM, Turnidge JD, Castanheira M, Jones RN.
Emergence and widespread dissemination of OXA-23, -24/40
and -58 carbapenemases among Acinetobacter spp. in
AsiaePacific nations: report from the SENTRY Surveillance
Program. J Antimicrob Chemother 2009;63:55e9.
7. Mugnier PD, Poirel L, Naas T, Nordmann P. Worldwide dissemination of the blaOXA-23 carbapenemase gene of Acinetobacter baumannii. Emerg Infect Dis 2010;16:35e40.
8. Perez F, Endimiani A, Ray AJ, Decker BK, Wallace CJ, Hujer KM,
et al. Carbapenem-resistant Acinetobacter baumannii and
Klebsiella pneumoniae across a hospital system: impact of
post-acute care facilities on dissemination. J Antimicrob
Chemother 2010;65:1807e18.
9. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D,
et al., International Sepsis Definitions Conference. 2001
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions
Conference. Intensive Care Med 2003 Apr;29(4):530e8.
10. Chen CH, Young TG, Huang CC. Predictive biomarkers for drugresistant Acinetobacter baumannii isolates with bla (TEM-1),
AmpC-type bla and integrase 1 genotypes. J Microbiol Immunol
Infect 2006;39:372e9.
11. Chen TL, Siu LK, Wu RC, Shaio MF, Huang LY, Fung CP, et al.
Comparison of one-tube multiplex PCR, automated ribotyping
and intergenic spacer (ITS) sequencing for rapid identification
of Acinetobacter baumannii. Clin Microbiol Infect 2007;13:
801e6.
12. CLSI. M02-A12. Performance standards for antimicrobial disk.
Susceptibility tests; approved standard. Twelfth informational
supplement. 2015.
13. CLSI. M100eS25 performance standards for antimicrobial
susceptibility testing. Twenty-fifth informational supplement.
2015.
14. Lin MF, Chang KC, Yang CY, Yang CM, Xiao CC, Kuo HY, et al.
Role of integrons in antimicrobial susceptibility patterns of
Acinetobacter baumannii. Jpn J Infect Dis 2010;63:440e3.
15. Woodford N, Ellington MJ, Coelho JM, Turton JF, Ward ME,
Brown S, et al. Multiplex PCR for genes encoding prevalent OXA
carbapenemases in Acinetobacter spp. Int J Antimicrob Agents
2006;27:351e3.
16. Lin MF, Kuo HY, Yeh HW, Yang CM, Sung CH, Tu CC, et al.
Emergence and dissemination of bla (OXA-23)-carrying
imipenem-resistant Acinetobacter sp in a regional hospital in
Taiwan. J Microbiol Immunol Infect 2011;44:39e44.
17. Dallenne C, Da Costa A, Decre D, Favier C, Arlet G. Development of a set of multiplex PCR assays for the detection of
genes encoding important beta-lactamases in Enterobacteriaceae. J Antimicrob Chemother 2010;65:490e5.
18. Liu CC, Tang CY, Kuo HY, Lu CW, Chang KC, Liou ML. The origin
of Acinetobacter baumannii TYTH-1: a comparative genomics
study. Int J Antimicrob Agents 2013;41:318e24.

384
19. Lin MF, Chang KC, Lan CY, Chou J, Kuo JW, Chang CK, et al.
Molecular epidemiology and antimicrobial resistance determinants of multidrug-resistant Acinetobacter baumannii in
five proximal hospitals in Taiwan. Jpn J Infect Dis 2011;64:
222e7.
20. Mortensen E, Trivedi KK, Rosenberg J, Cody SH, Long J,
Jensen BJ, et al. Multidrug-resistant Acinetobacter baumannii
infection, colonization, and transmission related to a longterm care facility providing subacute care. Infect Control
Hosp Epidemiol 2014;35:406e11.
21. Zhao Z, Xu X, Liu M, Wu J, Lin J, Li B. Fecal carriage of
carbapenem-resistant Enterobacteriaceae in a Chinese University Hospital. Am J Infect Control 2014;42:e61e4.
22. Chen CH, Chang MC, Chen KH, Kuo HY, Liou ML. Profiling of
fecal microbiota and their important extended-spectrum blactamases in the long-term care facility residents: a longitudinal study. Am J Infect Control 2016;44:e227e33.
23. Munoz-Price LS, Weinstein RA. Acinetobacter infection. N Engl
J Med 2008;358:1271e81.
24. Lee MH, Chen TL, Lee YT, Huang L, Kuo SC, Yu KW, et al.
Dissemination of multidrug-resistant Acinetobacter baumannii
carrying blaOxA-23 from hospitals in central Taiwan. J Microbiol
Immunol Infect 2013;46:419e24.

C.-H. Chen et al.
25. Turton JF, Ward ME, Woodford N, Kaufmann ME, Pike R,
Livermore DM, et al. The role of ISAba1 in expression of OXA
carbapenemase genes in Acinetobacter baumannii. FEMS
Microbiol Lett 2006;258:72e7.
26. Ying J, Lu J, Zong L, Li A, Pan R, Cheng C, et al. Molecular
epidemiology and characterization of genotypes of Acinetobacter baumannii isolates from regions of South China. Jpn J
Infect Dis 2016;69:180e5.
27. Lee HY, Huang CW, Chen CL, Wang YH, Chang CJ, Chiu CH.
Emergence in Taiwan of novel imipenem-resistant Acinetobacter baumannii ST455 causing bloodstream infection in
critical patients. J Microbiol Immunol Infect 2015;48:588e96.
28. Zimmerman FS, Assous MV, Bdolah-Abram T, Lachish T,
Yinnon AM, Wiener-Well Y. Duration of carriage of
carbapenem-resistant Enterobacteriaceae following hospital
discharge. Am J Infect Control 2013;41:190e4.

Appendix A. Supplementary data
Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.jmii.2017.08.001.

