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Abstract
Background: Carbapenem-resistant Acinetobacter baumannii has emerged as an important cause of infection in burn patients. This study aimed
to characterize the antimicrobial susceptibility pattern, determine the prevalence of oxacillinase and metallo-beta-lactamase (MBL) genes, and
type the A. baumannii isolates obtained from burn patients.
Methods: During a 1-year period, a total of 40 nonduplicated isolates of A. baumannii were obtained from burn patients who were hospitalized in
the Taleghani Burn Hospital in Ahvaz, in the southwest of Iran. Testing for antimicrobial susceptibility was carried out by disk diffusion and Etest. To screen MBL production, a double disk synergy and MBL E-test were performed. The presence of blaOXA-23-like, blaOXA-24-like, blaOXA-51like and blaOXA-58-like, blaVIM, blaIMP and blaSPM, and blaNDM was sought by polymerase chain reaction (PCR). Repetitive extragenic palindromic sequence-based PCR was carried out for determination of isolates clonality.
Results: Overall, 92.5% of isolates were carbapenem-resistant. Polymyxin B, colistin, and ampicillin-sulbactam were the most effective agents
in vitro, with a susceptibility rate of 100%, 97.5%, and 72.5%, respectively. According to the double disk synergy and E-test, 55.6% and 97.3%
of isolates were MBL producers, respectively. Furthermore, 70% of isolates harbored blaOXA-23-like and 20% were positive for blaOXA-24-like.
However, no encoding genes were detected for blaVIM, blaIMP and blaSPM, blaNDM, and blaOXA-58-like. Repetitive extragenic palindromic
sequence-based PCR revealed that carbapenem-resistant isolates belonged to four clones, including A, B, C, and D; the predominant clones were
B and C.
Conclusion: The rate of carbapenem resistance was high, and it appeared that blaOXA-23-like and blaOXA-24-like contributed to the carbapenem resistance of A. baumannii isolates. This result suggests that the two predominant clones of A. baumannii were spread among
burn patients. In order to prevent future dissemination of resistant isolates among burn patients, an effective infection control plan is
necessary.
Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BYNC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
In patients with burn injuries, infection is the most common cause of death.1 This is due to the fact that burn patients
are susceptible and have a high risk for infection.2 Acinetobacter baumannii has become an important and troubling
pathogen in hospitals worldwide, and nosocomial outbreaks
have been reported due to multidrug-resistant strains, particularly in the intensive care units and burn units.3e6 At patient
burn sites, it is difficult to distinguish between colonization
and infection with A. baumannii. In fact, this organism is one
of the very important causes of infection in these patients, and
is isolated with increasing frequency from burn patients.7,8
Furthermore, outbreaks of A. baumannii are common in
burn units, and the affected patients show a reservoir for this
organism.9 Most typically, carbapenems are the drugs of
choice for treatment of A. baumannii infections, but the
increased clinical use of these drugs has led to the progress of
resistant strains.10 Carbapenem-resistant A. baumannii has
become a problematic nosocomial pathogen globally.11 In the
case of A. baumannii, different mechanisms, including change
of penicillin binding protein, loss of outer membrane protein,
efflux pump, and carbapenem-hydrolyzing enzymes are
involved in carbapenem resistance.3 It should be noted that
carbapenem-inactivating enzymes belonging to the Class D
carbapenemase (OXA enzymes) are the main mechanism of
resistance in A. baumannii worldwide.12 However, metallobeta-lactamase (MBL) production is less common in this organism.11 For effective control and prevention of A. baumannii in hospitals, molecular typing is necessary to
determine genomic fingerprinting.13 According to previous
studies of repetitive extragenic palindromic sequence-based
polymerase chain reaction (REP-PCR), in most cases, one
or more epidemic clones of A. baumannii are circulating in
the studied hospital or burn units.8,14,15 In this study, we
decided to investigate antimicrobial resistance pattern, the
prevalence of oxacillinase and MBL, and typing of A. baumannii isolates from burn patients.
2. Methods
2.1. Bacterial collection and phenotypic tests
During the period from August 2011 to August 2012, a total
of 40 nonrepetitive A. baumannii isolates (colonization or
infection) were obtained from burned wound samples of 40
patients [31 (77.5%) female and 9 (22.5%) male] who were
hospitalized with burn injuries in Taleghani Hospital in Ahvaz,
in the southwest of Iran. Of the noted isolates, 18 were
recovered from wounds, 18 were recovered from skin biopsy,
and four isolates were recovered from blood samples. A. baumannii initially was identified and characterized by biochemical tests such as Triple Sugar Iron (TSI) agar medium and
oxidase test, API 20 NE kit (version 6.0, bioMerieux, Marcy L
Etoile, France), and growth in 42 C, to ensure that the isolates
were A. baumannii.16 Genomic DNA for PCR was extracted by
proteinase K, and sodium dodecyl sulfate method as previously

described.17 Presumptive A. baumannii isolates were confirmed
to the species level by PCR amplification for blaOXA-51-like.18
2.2. Antimicrobial susceptibility testing
Testing of susceptibility to antimicrobial agents was performed by disk diffusion in Mueller-Hinton agar and was
interpreted according to guidelines of the Clinical Laboratory
Standard Institute (CLSI 2011).19 Bacterial suspension at a
turbidity equivalent to a 0.5-McFarland standard was inoculated on a Mueller-Hinton agar plate (Merck, Frankfurt,
Germany). The antimicrobial agents tested included: imipenem 10mg, meropenem 10mg, polymyxin B 300 units,
gentamicin 10mg, ceftriaxone 30mg, colistin 10mg, piperacillin
100mg, piperacillin-tazobactam 100/10mg, cefepime 30mg,
tobramycin 10mg, tigecycline 15mg, amikacin 30mg, tetracycline
30mg,
ciprofloxacin
5mg,
trimethoprimsulfamethoxazole 1.25/23.75mg, ceftazidime 30mg, rifampin
5mg, aztreonam 30mg, and ampicillin-sulbactam 10/10mg
(MAST, Group Ltd., Merseyside, UK).20 Reference strains,
including Escherichia coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853 were used for quality control
testing.19 Minimum inhibitory concentrations (MICs) of
imipenem, meropenem, colistin, and tigecycline were determined by the E-test strips (Liofilchem, Roseto degli Abruzzi,
Italy) according to the manufacturer's instructions. The
European Committee on Antimicrobial Susceptibility Testing
criteria for the technical note on tigecycline in Acinetobacter
spp. and other Gram-negative bacteria, was utilized for the
tigecycline breakpoint.21
2.3. Phenotypic screening of MBL production
For the identification of MBL production, a double disk
synergy (DDS) was performed. Briefly, bacterial suspension
at a turbidity equivalent to 0.5 McFarland standards was
inoculated on a Mueller-Hinton agar plate (Merck). Thereafter, two 10mg of imipenem disks were placed on the surface of an inoculated plate. A 0.5M EDTA solution was
prepared and 10mL was added to one of the imipenem disks
to obtain a desired concentration of 750mg. After overnight
incubation, the inhibition zone of imipenem and imipenem
plus EDTA disks were compared, and the enhancement in
the inhibition zone of imipenem plus EDTA disk was
considered as positive for MBL production.22,23 E-test MBL
strips (Liofilchem, Italy) were used to evaluate MBL
production. The results were interpreted according to the
manufacturer's instructions.
2.4. PCR amplification of OXA-type genes
A multiplex PCR analysis was performed to determine
the presence of OXA-type carbapenemase, blaOXA-23-like,
blaOXA-24-like and blaOXA-58-like. Amplification reaction was
carried out in a final volume of 25mL with 1X PCR buffer, 1
U Taq polymerase, 2mM MgCl2, 200mM of Deoxynucleotide triphosphate (dNTP) (Sinaclon, Tehran, Iran), 0.2mM of
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each primer (TAG, Copenhagen A/S Denmark), and 1mL of
template DNA. PCR conditions were programmed in a
Mastercycler (Eppendorf, Hamburg, Germany) as follows:
initial denaturation at 94 C for 5 minutes, followed by 30
cycles at 94 C for 30 seconds, 53 C for 40 seconds, and
72 C for 50 seconds, and a final extension at 72 C for 6
minutes. PCR products were separated with electrophoresis
on 1.5% agarose gel (Sinaclon), and after staining
with ethidium bromide, visualized under UV gel
documentation system. A. baumannii reference strains,
including NCTC 13304, NCTC 13302, and NCTC 13305
were used as positive control for blaOXA-23-like, blaOXA-24-like
and blaOXA-58-like, respectively. A negative control was
included in each PCR reaction, containing all components
except the DNA template, which was replaced by distilled
water.24 For each gene, one amplicon was sequenced (Bioneer, Daejeon, South Korea).
2.5. Detection of MBL genes
To detect MBL genes, blaVIM and blaIMP were sought by
PCR with specific primers that are listed in Table 1, with a
protocol used in two previous studies.20,25 Two clinical
isolates of P. aeruginosa, harbor blaIMP and blaVIM, were
sequenced by (Bioneer) and used as positive control for
identification of these genes. DNA from a blaSPM positive P.
aeruginosa was purchased from the Pasteur Institute of Iran
and used as positive control for blaSPM in each PCR
reaction. In addition, blaNDM was sought by PCR with
standard conditions, but we do not have any positive control
for this gene because the first report of New Delhi MBL-1
gene found in 2013 by Shahcheraghi et al26 and our study
was conducted from August 2011 to August 2012. Prior to
2012, the authors could not find any positive control for
blaNDM in Iran.
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2.6. REP-PCR
To determine clonal relatedness, REP-PCR was performed
on all isolates with specific primers previously described,27
that are listed in Table 1. Amplification conditions were performed using previously established protocols with some
modifications.28 Each reaction mixture for PCR contained 1X
PCR buffer, 3.5mM of MgCl2, 300mM of Deoxynucleotide
triphosphate (dNTP), 3% Dimethyl sulfoxide (DMSO) (Sinaclon), 0.5mM of each primer (TAG Copenhagen A/S,
Denmark), and 1 U of Taq polymerase and 1mL of genomic
DNA in a final volume of 25mL. PCR conditions included:
94 C for 10 minutes; 30 cycles of 94 C for 1 minute,
annealing temperatures 45 C for 1 minute, 72oC for 2 minutes,
and 72 C for 16 minutes. Amplification products were separated by electrophoresis on 1.2% agarose gel (Sinaclon); after
staining with ethidium bromide, they were observed in a UV
gel documentation system, then they were photographed and
compared together by visual inspection.28 All fingerprints
were observed by one observer, and fingerprints were interpreted according to previous studies.27,29
2.7. Statistical analysis
The results were analyzed using the IBM SPSS (Version.20
IBM, Chicago, IL, USA) version 16.0 to obtain frequencies
and comparison among clones.
3. Results
3.1. Bacterial collection
Forty isolates of A. baumannii were studied, of which 20
(50%) were from the women's ward, 13 (32.5%) were from the
intensive care unit, six (15%) were from the men's ward, and

Table 1
Sequences of primers used in this study.
Primer names

Sequence (50 -30 )

Amplicon
size (bp)

Reference

blaOXA-51- like - F
blaOXA-51- like -R
blaOXA-23- like -F
blaOXA-23- like -R
blaOXA-24- like -F
blaOXA-24- like -R
blaOXA-58- like F
blaOXA-58- like -R
blaIMP-F
blaIMP-R
blaVIM-F
blaVIM-R
blaNDM- F
blaNDM-R
blaSPM-F
blaSPM-R
REP-1
REP-2

TAATGCTTTGATCGGCCTTG
TGGATTGCACTTCATCTTGG
GATCGGATTGGAGAACCAGA
ATTTCTGACCGCATTTCCAT
GGTTAGTTGGCCCCCTTAAA
AGTTGAGCGAAAAGGGGATT
AAGTATTGGGGCTTGTGCTG
CCCCTCTGCGCTCTACATAC
TCGTTTGAAGAAGTTAACGG
ATGTAAGTTTCAAGAGTGATGC
GGTGTTTGGTCGCATATCGCAA
ATTCAGCCAGATCGGCATCGGC
GGTTTGGCGATCTGGTTTTC
CGGAATGGCTCATCACGATC
AAAATCTGGGTACGCAAACG
ACATTATCCGCTGGAACAGG
IIIGCGCCGICATCAGGC
ACGTCTTATCAGGCCTAC

353

(14)

501
249
599
568

(18)

502
624

(15)

271
(13)
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Table 2
Results of antimicrobial susceptibility test by disk diffusion.
Different antibiotics

Resistant (%)

Intermediate (%)

Sensitive (%)

Aztreonam
Ciprofloxacin
Meropenem
Ceftazidime
Cefepime
Piperacillin
Piperacillin-tazobactam
Ceftriaxone
Rifampin
Tobramycin
Gentamicin
Amikacin
Imipenem
Tetracycline
Ampicillin sulbactam
Polymyxin
Colistin

100
97.5%
92.5
92.5
92.5
92.5
92.5
92.5
92.5
87.5
85
80
67.5
57.5
17.5
0
0

d
d
d
d
d
d
d
d
d
d
2.5
7.5
d
12.5
10
d
d

d
2.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
12.5
12.5
12.5
32.5
30
72.5
100
100

one (2.5%) from the repair ward. All isolates were positive for
blaOXA-51-like. Partial sequencing of the PCR product
confirmed the presence of blaOXA-51-like. GenBank Accession
number: HG937621.
3.2. Antimicrobial susceptibility test
The results of antimicrobial susceptibility testing of the 40
isolates are shown in Table 2. According to the findings, colistin
and polymyxin B were the most effective antimicrobials in vitro
against the majority of isolates of A. baumannii. Moreover,
determination of MIC by the E-test showed that 92.5% of isolates
were resistant to imipenem. The lowest level of MIC for imipenem
was 0.38mg/mL, and the highest level was 256mg/mL. Most of the
imipenem-resistant isolates (30%) had an imipenem
MIC ¼ 256mg/mL. The meropenem MIC was similar to those for
imipenem, and 92.5% of isolates were resistant to meropenem
with the lowest value of MIC ¼ 0.19mg/mL, and the highest value
was 32mg/mL. Most of the meropenem-resistant isolates (85%)
had a meropenem MIC ¼ 32mg/mL. Furthermore, based on Etesting, 97.5% of isolates were susceptible to colistin and one
isolate (2.5%) had MIC ¼ 3mg/mL. In the CLSI guideline, there is
no breakpoint for colistin MIC ¼ 3mg/mL and we could not
categorize this isolate as intermediate. No colistin-resistant
isolates were detected. Tigecycline MIC showed that 55% of the
isolates were sensitive, 10% intermediate, and 35% were resistant.
The obvious difference was seen for imipenem MIC compared to
the disk diffusion results. When the E-test was undertaken, 92.5%
of isolates were resistant to imipenem, whereas imipenem disk
identified 67.5% of isolates as resistant. For meropenem, the result
of the E-test was consistent with the disk diffusion method and
92.5% of isolates were resistant by two methods.
3.3. Detection of OXA-type carbapenemase
PCR experiments with primers specific for blaOXA-23-like,
blaOXA-24-like, and blaOXA-58-like were performed on all 40
isolates. BlaOXA-23-like was positive in 70% of isolates (28/40

Fig. 1. Results of multiplex polymerase chain reaction (PCR). Lanes 1 and 14:
100bp DNA ladder. Lanes 2, 4, 6, 8, and 10: isolates with blaOXA-23-like in
501bp. Lanes 3, 5, 7, 9, and 11: isolates with blaOXA-24-like in 249bp, Lane 12:
negative control (distilled water), and Lane 13: positive control (Acinetobacter
baumannii NCTC 13304, NCTC 13302, NCTC 13305) used for blaOXA-23-like,
blaOXA-24-like and blaOXA-58-like, respectively.

isolates). Eight of the 40 isolates (20%) were blaOXA-24-like
positive (Fig. 1). No isolates were positive for blaOXA-58-like.
Co-existence of blaOXA-23-like and blaOXA-24-like was not
detected. Interestingly, one isolate was carbapenem-resistant,
but only had blaOXA-51-like and was negative for blaOXA-23like, blaOXA-24-like, and blaOXA-58-like. Additionally, carbapenem susceptible isolates were negative for blaOXA-23-like,
blaOXA-24-like, and blaOXA-58-like.
3.4. MBL
To study the MBL production, carbapenem-resistant isolates were evaluated by DDS and E-test. The results obtained
with DDS and the E-test indicated that 55.6% and 97.3% of
carbapenem-resistant A. baumannii isolates produce MBL,
respectively. No amplicon was obtained with primer targeting

Fig. 2. The result of repetitive extragenic palindromic sequence-based polymerase chain reaction (REP-PCR) on carbapenem-resistant isolates. Double
fingerprints have been shown for each isolate; Lanes 1, 6, 13 1 kb DNA ladder.
Lanes 2, 3 (Clone A), Lanes 4, 5 (Clone B), Lanes 7, 8 (Clone C), Lanes 9, 10
(Clone D), Lane 11 negative control, and Lane 12, Acinetobacter baumannii
NCTC 12156 (ATCC 19606).
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the blaIMP, blaVIM, and blaSPM. Despite standard PCR conditions, all isolates were negative for the blaNDM gene, and we
were unable to interpret this negative result.
3.5. REP-PCR results
REP-PCR was carried out for evaluation of clonality of the
isolates. Analysis of the REP-PCR results demonstrated that
the isolates belonged to four genotypes (Fig. 2). Among those
genotypes, 12.5% (5 of 40 isolates) belonged to genotype A,
32.5% (13 of 40 isolates) belonged to genotype B, 32.5% (13
of 40 isolates) belonged to genotype C, and 22.5% (9 of 40
isolates) belonged to genotype D.
3.6. Nucleotide sequence accession number
The nucleotide sequences obtained in this study were
submitted to the GenBank nucleotide sequence database under
the accession numbers: HG937619 for blaOXA-23-like,
HG937620 for blaOXA-24-like, and HG937621 for blaOXA-51-like.
4. Discussion
A. baumannii remains one of the most common nosocomial
pathogens and frequent causes of outbreaks in burn wound
infections.2,4,23 Unfortunately, most of the isolates are resistant
to antimicrobial agents. b-Lactamases are microbial enzymes
that hydrolytically inactivate b-lactam antibiotics and these
enzymes, due to the emergence of pathogenic bacteria resistant to b-Lactamases are microbial enzymes that hydrolytically inactivate b-lactam antibiotics and these enzymes can
cause resistance to b-lactam antibiotics, including carbapenems, penicillins and cephalosporins. Based on Ambler classification, these enzymes are belonging to four molecular
classes: A, B, C, and D.30,31 Class D serine carbapenemases
belong to the OXA (oxacillinase) family, and are most prevalent in A. baumannii isolates. The ability of OXA enzymes to
hydrolyze the isoxazolyl penicillin oxacillin is faster than
classical penicillins (benzylpenicillin).32 Provisionally, they
can be grouped into six subclasses; however, today, based on
amino acid sequence analysis, Class D carbapenemases are
reclassified into 12 subgroups: OXA-23, OXA-24/40, OXA48, OXA-51, OXA-58, OXA-134a, OXA-143, OXA-211,
OXA-213, OXA-214, OXA-229, and OXA-235. In addition,
they include 232 enzymes with few variants and the same
carbapenemase activity.31,33 In burn patients, the resistance
rate of A. baumannii against carbapenems has been reported
from 33.33% to 98%.15,23,34,35 In our study, according to
susceptibility test results, a considerable proportion of A.
baumannii isolates (92.5%) were resistant to carbapenems,
and this finding suggests that carbapenems are not appropriate
for the treatment of A. baumannii infections in burn patients
hospitalized at Taleghani hospital. In the present study, there
was a difference between imipenem E-test results and imipenem disk diffusion. This indicated that imipenem disk could
not detect 25% of resistant isolates and use of this disk for
antimicrobial susceptibility could lead to false susceptible
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results. In contrast to imipenem, meropenem disk was the
same as using the E-test, and detected all resistant isolates. It
seems that meropenem disk is more appropriate than imipenem disk for identification of resistant isolates. Among the
tested antibiotics, colistin and polymyxin B were the most
effective agents in vitro, and 97.5% and 100% of isolates were
susceptible, respectively. While colistin-resistant isolates have
been reported worldwide,36 no colistin-resistant isolates were
obtained from burn patients. Ampicillin-sulbactam is another
treatment option, and 72.5% of the isolates were susceptible to
this drug in vitro. It has been proposed that ampicillinsulbactam is an effective and inexpensive treatment for
nosocomial infection due to ampicillin-sulbactam susceptible
A. baumannii.37 However, it has been suggested that OXA
carbapenemase plays an important role in carbapenem resistance in A. baumannii.15
Outbreaks of carbapenem-resistant A. baumannii carrying
blaOXA-23-like were discovered in different countries,38e41 and
the range of blaOXA-23-like has been reported from 31% to
100% worldwide.11,13,40,42e46 In our study, the vast majority
of isolates (70%) were positive for blaOXA-23-like. Moreover,
we found that 20% of isolates harbor blaOXA-24-like, and this
rate is inconsistent with previous studies globally, which reported the rate of blaOXA-24-like from 0% to 85.43%.11,42,45e48
While several studies demonstrated the blaOXA-58-like gene in
A. baumannii, it has been detected from 2% to 84.92% in
different parts of the world,13,42e44,46,48 In contrast, however,
in our study, no isolate was positive for the blaOXA-58-like gene.
Based on the DDS and E-test results, 55.6% and 97.3% of
isolates were MBL producers. In spite of phenotypic test, no
amplicon was detected for studied MBL genes. While MBL
genes, blaIMP, blaVIM, blaNDM, and blaSPM have been reported
sporadically in A. baumannii,49e53 we could not detect any of
these genes among our isolates. Similar to our results, different
studies have been reported that A. baumannii isolates were
MBL producers by phenotypic tests, but no MBL encoding
genes were detected.13,45,47,54e56 One probable reason for
these positive MBLs may be due to the bactericidal activity of
EDTA, which may lead to an increased inhibition zone, but
this increase is false positive and not associated with true MBL
production.57 By contrast, these results may be true positive
associated with another MBL gene. Other studies have indicated that false-negative results often occurred, in particular
when a low level of resistance is observed and phenotypic
detection tests are time-consuming.58 Furthermore, one isolate
of A. baumannii was carbapenem -resistant, but it had only the
blaOXA-51-like gene, and other genes were not detected. The
mechanism of carbapenem-resistance in this isolate may be in
relation to the modification of penicillin binding proteins, loss
of porins and decreased permeability, AmpC stable derepression, overexpression of efflux pump, or insertion of ISAba1 in
upstream of blaOXA-51-like.14,59e61 In addition, further research
is needed to identify different carbapenem-resistant mechanisms in this isolate. Since we found only blaOXA-23-like and
blaOXA-24-like, we therefore suppose that carbapenem resistance in our isolates is mostly due to these genes. REP-PCR is
a useful tool for typing of A. baumannii and provides
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information about the epidemiology of this bacterium in the
hospitals. In order to investigate the clonality of A. baumannii
in different wards, REP-PCR was done and analysis of REPPCR revealed that four clones (A, B, C, and D) are circulating in different wards. Consistent with our study, in a study
on burn isolates of A. baumannii, Mahdian et al62 reported that
11 clones were detected, of which four occurred most
frequently. In the present study, Clones B and C were the most
epidemic ones and it seems these clones were possibly interward spread and caused infection in burn patients.
In conclusion, we observed that the rate of carbapenemresistant A. baumannii was high among burn patients. In
addition, the most effective drugs against A. baumannii in vitro
were colistin and polymyxin B. Since resistant isolates only
had blaOXA-23-like and blaOXA-24-like, it seems that carbapenem
resistance in our isolates is more associated with these genes.
Based on the information obtained from REP-PCR, two clones
are more prevalent among burn patients. Information about
clonality and type of resistance is useful in epidemiology of A.
baumannii and further research is needed on burn patients with
more isolates. We conclude that infection control policies and
programs will be considered in order to control the dissemination of A. baumannii in burn units. Monitoring and management of A. baumannii can lead to control transmission of
this organism in burn units.
4.1. Limitations
In this study, the results had certain limitations. The major
limitations were the absence of a positive control for the NDM
gene, the short period of our study, sample size, single center,
and inadequate demographic data about patients from the
different wards. Additionally, MIC for polymyxin B was not
done.
Acknowledgments
This study was granted an approved research plan (Number
90126) and was financially supported by the Deputy ViceChancellor for research affairs of Ahvaz Jundishapur University of Medical Sciences and Infectious and Tropical Disease
Research Center (Ahvaz, Iran), and we appreciate all of their
support.
References
1. Oncul O, Ulkur E, Acar A, Turhan V, Yeniz E, Karacaer Z, et al. Prospective analysis of nosocomial infections in a burn care unit. Turkey.
Indian J Med Res 2009;130:758e64.
2. Chim H, Tan BH, Song C. Five-year review of infections in a burn
intensive care unit: high incidence of Acinetobacter baumannii in a
tropical climate. Burns 2007;33:1008e14.
3. Huang L, Sun L, Xu G, Xia T. Differential susceptibility to carbapenems
due to the AdeABC efflux pump among nosocomial outbreak isolates of
Acinetobacter baumannii in a Chinese hospital. Diagn Microbiol Infect
Dis 2008;62:326e32.
4. Wong TH, Tan BH, Ling ML, Song C. Multi-resistant Acinetobacter
baumannii on a burns uniteclinical risk factors and prognosis. Burns
2002;28:349e57.

5. Salimizand H, Noori N, Meshkat Z, Ghazvini K, Amel SJ. Prevalence of
Acinetobacter baumannii harboring ISAba1/blaOXA-23-like family in a
burn center. Burns 2015;41:1100e6.
6. Nomanpour B, Ghodousi A, Babaei A, Abtahi H, Tabrizi M,
Feizabadi M. Rapid, cost-effective, sensitive and quantitative detection
of Acinetobacter baumannii from pneumonia patients. Iran J Microbiol
2011;3:162e9.
7. McConnell MJ, Actis L, Pachon J. Acinetobacter baumannii: human infections, factors contributing to pathogenesis and animal models. FEMS
Microbiol Rev 2013;37:130e55.
8. Asadollahi P, Akbari M, Soroush S, Taherikalani M, Asadollahi K,
Sayehmiri K, et al. Antimicrobial resistance patterns and their encoding
genes among Acinetobacter baumannii strains isolated from burned patients. Burns 2012;38:1198e203.
9. Barbut F, Yezli S, Mimoun M, Pham J, Chaouat M, Otter JA. Reducing the
spread of Acinetobacter baumannii and methicillin-resistant Staphylococcus aureus on a burns unit through the intervention of an infection
control bundle. Burns 2013;39:395e403.
10. Gao J, Zhao X, Bao Y, Ma R, Zhou Y, Li X, et al. Antibiotic resistance and
OXA-type carbapenemases-encoding genes in airborne Acinetobacter
baumannii isolated from burn wards. Burns 2014;40:295e9.
11. Irfan S, Turton JF, Mehraj J, Siddiqui SZ, Haider S, Zafar A, et al. Molecular and epidemiological characterisation of clinical isolates of
carbapenem-resistant Acinetobacter baumannii from public and private
sector intensive care units in Karachi, Pakistan. J Hosp Infect 2011;78:
143e8.
12. Poirel L, Naas T, Nordmann P. Diversity, epidemiology, and genetics of
class D beta-lactamases. Antimicrob Agents Chemother 2010;54:24e38.
13. Yan ZQ, Shen DX, Cao JR, Chen R, Wei X, Liu LP, et al. Susceptibility
patterns and molecular epidemiology of multidrug-resistant Acinetobacter
baumannii strains from three military hospitals in China. Int J Antimicrob
Agents 2010;35:269e73.
14. Zarrilli R, Giannouli M, Tomasone F, Triassi M, Tsakris A. Carbapenem
resistance in Acinetobacter baumannii: the molecular epidemic features of
an emerging problem in health care facilities. J Infect Dev Ctries 2009;3:
335e41.
15. Pajand O, Rezaee MA, Nahaei MR, Mahdian R, Aghazadeh M,
Soroush MH, et al. Study of the carbapenem resistance mechanisms in
clinical isolates of Acinetobacter baumannii: comparison of burn and nonburn strains. Burns 2013;39:1414e9.
16. Winn W, Allen S, Janda W, Koneman E, Procop G, Schreckenberger P,
et al. Koneman‘s Color Atlas and Textbook of Diagnostic Microbiology.
6th ed. Philadelphia: Lippincott Williams & Wilkins; 2006.
17. Shoja S, Moosavian M, Peymani A, Tabatabaiefar MA, Rostami S,
Ebrahimi N. Genotyping of carbapenem resistant Acinetobacter baumannii isolated from tracheal tube discharge of hospitalized patients in
intensive care units, Ahvaz, Iran. Iran J Microbiol 2013;5:315e22.
18. Turton JF, Woodford N, Glover J, Yarde S, Kaufmann ME, Pitt TL.
Identification of Acinetobacter baumannii by detection of the blaOXA-51like carbapenemase gene intrinsic to this species. J Clin Microbiol 2006;
44:2974e6.
19. Clinical and Laboratory Standards Institute (CLSI). Performance standards for antimicrobial susceptibility testing: 21th informational supplement. CLSI document M100-S21. Wayne, PA: CLSI; 2011.
20. Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR for detection of acquired carbapenemase genes. Diagn Microbiol Infect Dis 2011;
70:119e23.
21. European Committee on Antimicrobial Susceptibility Testing (EUCAST).
EUCAST technical note on tigecycline. Clin Microbiol Infect 2006;12:
1147e9.
22. Jeon BC, Jeong SH, Bae IK, Kwon SB, Lee K, Young D, et al. Investigation of a nosocomial outbreak of imipenem-resistant Acinetobacter
baumannii producing the OXA-23 b-Lactamase in Korea. J Clin Microbiol 2005;43:2241e5.
23. Altoparlak U, Aktas F, Celebi D, Ozkurt Z, Akcay MN. Prevalence of
metallo-beta-lactamase among Pseudomonas aeruginosa and Acinetobacter baumannii isolated from burn wounds and in vitro activities of
antibiotic combinations against these isolates. Burns 2005;31:707e10.

S. Shoja et al. / Journal of the Chinese Medical Association 80 (2017) 245e252
24. 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.
25. Zong Z, Lu X, Valenzuela JK, Partridge SR, Iredell J. An outbreak of
carbapenem-resistant Acinetobacter baumannii producing OXA-23
carbapenemase in western China. Int J Antimicrob Agents 2008;31:
50e4.
26. Shahcheraghi F, Nobari S, Rahmati Ghezelgeh F, Nasiri S, Owlia P,
Nikbin VS, et al. First report of New Delhi metallo-beta-lactamase-1producing Klebsiella pneumoniae in Iran. Microb Drug Resist 2013;19:
30e6.
27. Martin-Lozano D, Cisneros JM, Becerril B, Cuberos L, Prados T, OrtizLeyba C, et al. Comparison of a repetitive extragenic palindromic
sequence-based PCR method and clinical and microbiological methods
for determining strain sources in cases of nosocomial Acinetobacter
baumannii bacteremia. J Clin Microbiol 2002;40:4571e5.
28. Bou G, Cervero G, Dominguez MA, Quereda C, Martinez-Beltran J. PCRbased DNA fingerprinting (REP-PCR, AP-PCR) and pulsed-field gel
electrophoresis characterization of a nosocomial outbreak caused by
imipenem- and meropenem-resistant Acinetobacter baumannii. Clin
Microbiol Infect 2000;6:635e43.
29. Snelling AM, Gerner-Smidt P, Hawkey PM, Heritage J, Parnell P,
Porter C, et al. Validation of use of whole-cell repetitive extragenic
palindromic sequence-based PCR (REP-PCR) for typing strains belonging
to the Acinetobacter calcoaceticuseAcinetobacter baumannii complex
and application of the method to the investigation of a hospital outbreak.
J Clin Microbiol 1996;34:1193e202.
30. Opazo A, Domínguez M, Bello H, Amyes SG, Gonzalez-Rocha G. OXAtype carbapenemases in Acinetobacter baumannii in South America.
J Infect Dev Ctries 2011;6:311e6.
31. Kamolvit W, Sidjabat HE, Paterson DL. Molecular epidemiology and
mechanisms of carbapenem resistance of Acinetobacter spp. in Asia and
Oceania. Microb Drug Resist 2015;21:424e34.
32. Djahmi N, Dunyach-Remy C, Pantel A, Dekhil M, Sotto A, Lavigne JP.
Epidemiology of carbapenemase-producing Enterobacteriaceae and Acinetobacter baumannii in Mediterranean countries. Biomed Res Int 2014;
2014.
33. Jeon JH, Lee JH, Lee JJ, Park KS, Karim AM, Lee CR, et al. Structural
basis for carbapenem-hydrolyzing mechanisms of carbapenemases
conferring antibiotic resistance. Int J Mol Sci 2015;16:9654e92.
34. Nasrolahei M, Zahedi B, Bahador A, Saghi H, Kholdi S, Jalalvand N,
et al. Distribution of bla(OXA-23), ISAba, aminoglycosides resistant
genes among burned & ICU patients in Tehran and Sari, Iran. Ann Clin
Microbiol Antimicrob 2014;13:38.
35. Azimi L, Talebi M, Pourshafie MR, Owlia P, Rastegar Lari A. Characterization of carbapenemases in extensively drug resistance Acinetobacter
baumannii in a burn care center in Iran. Int J Mol Cell Med 2015;4:
46e53.
36. Cai Y, Chai D, Wang R, Liang B, Bai N. Colistin resistance of Acinetobacter baumannii: clinical reports, mechanisms and antimicrobial strategies. J Antimicrob Chemother 2012;67:1607e15.
37. Michalopoulos A, Falagas ME. Treatment of Acinetobacter infections.
Expert Opin Pharmacother 2010;11:779e88.
38. Kohlenberg A, Brummer S, Higgins PG, Sohr D, Piening BC, de Grahl C,
et al. Outbreak of carbapenem-resistant Acinetobacter baumannii carrying
the carbapenemase OXA-23 in a German university medical centre. J Med
Microbiol 2009;58:1499e507.
39. Merino M, Poza M, Roca I, Barba MJ, Sousa MD, Vila J, et al. Nosocomial outbreak of a multiresistant Acinetobacter baumannii expressing
OXA-23 carbapenemase in Spain. Microb Drug Resist 2014;20:259e63.
40. Yang HY, Lee HJ, Suh JT, Lee KM. Outbreaks of imipenem resistant
Acinetobacter baumannii producing OXA-23 beta-lactamase in a tertiary
care hospital in Korea. Yonsei Med J 2009;50:764e70.
41. Dalla-Costa LM, Coelho JM, Souza HA, Castro ME, Stier CJ,
Bragagnolo KL, et al. Outbreak of carbapenem-resistant Acinetobacter
baumannii producing the OXA-23 enzyme in Curitiba, Brazil. J Clin
Microbiol 2003;41:3403e6.

251

42. Sohrabi N, Farajnia S, Akhi MT, Nahaei MR, Naghili B, Peymani A, et al.
Prevalence of OXA-type beta-lactamases among Acinetobacter baumannii
isolates from Northwest of Iran. Microb Drug Resist 2012;18:385e9.
43. Merkier AK, Catalano M, Ramirez MS, Quiroga C, Orman B, Ratier L,
et al. Polyclonal spread of bla(OXA-23) and bla(OXA-58) in Acinetobacter baumannii isolates from Argentina. J Infect Dev Ctries 2008;2:
235e40.
44. Touati M, Diene SM, Racherache A, Dekhil M, Djahoudi A, Rolain JM.
Emergence of blaOXA-23 and blaOXA-58 carbapenemase-encoding
genes in multidrug-resistant Acinetobacter baumannii isolates from University Hospital of Annaba, Algeria. Int J Antimicrob Agents 2012;40:
89e91.
45. Carvalho KR, Carvalho-Assef AP, Peirano G, Santos LC, Pereira MJ,
Asensi MD. Dissemination of multidrug-resistant Acinetobacter baumannii genotypes carrying bla(OXA-23) collected from hospitals in Rio
de Janeiro, Brazil. Int J Antimicrob Agents 2009;34:25e8.
46. Ergin A, Hascelik G, Eser OK. Molecular characterization of oxacillinases
and genotyping of invasive Acinetobacter baumannii isolates using repetitive extragenic palindromic sequence-based polymerase chain reaction
in Ankara between 2004 and 2010. Scand J Infect Dis 2013;45:26e31.
47. Manageiro V, Jones-Dias D, Ferreira E, Louro D, Canica M. Genetic
diversity and clonal evolution of carbapenem-resistant Acinetobacter
baumannii isolates from Portugal and the dissemination of ST118. Int J
Antimicrob Agents 2012;40:398e403.
48. Ben RJ, Yang MC, Hsueh JC, Shiang JC, Chien ST. Molecular characterisation of multiple drug-resistant Acinetobacter baumannii isolates in
southern Taiwan. Int J Antimicrob Agents 2011;38:403e8.
49. Peymani A, Nahaei MR, Farajnia S, Hasani A, Mirsalehian A, Sohrabi N,
et al. High prevalence of metallo-beta-lactamase-producing Acinetobacter
baumannii in a teaching hospital in Tabriz, Iran. Jpn J Infect Dis 2011;64:
69e71.
50. Mohamed NM, Raafat D. Phenotypic and genotypic detection of metallobeta-lactamases in imipenem-resistant Acinetobacter baumannii isolated
from a tertiary hospital in Alexandria, Egypt. Res J Microbiol 2011;6:
750e60.
51. Shahcheraghi F, Abbasalipour M, Feizabadi M, Ebrahimipour G,
Akbari N. Isolation and genetic characterization of metallo-betalactamase and carbapenamase producing strains of Acinetobacter baumannii from patients at Tehran hospitals. Iran J Microbiol 2011;3:68e74.
52. Hrabak J, Stolbova M, Studentova V, Fridrichova M, Chudackova E,
Zemlickova H. NDM-1 producing Acinetobacter baumannii isolated from
a patient repatriated to the Czech Republic from Egypt, July 2011. Euro
Surveill 2012;17. pii 20085.
53. Karthikeyan K, Thirunarayan MA, Krishnan P. Coexistence of blaOXA-23
with blaNDM-1 and armA in clinical isolates of Acinetobacter baumannii
from India. J Antimicrob Chemother 2010;65:2253e4.
54. Netsvyetayeva I, Sikora M, Golas M, Swoboda-Kopec E, de
Walthoffen SW, Dembicka O, et al. Acinetobacter baumannii multidrugresistant strain occurrence in liver recipients with reference to other
high-risk groups. Transplant Proc 2011;43:3116e20.
55. Purohit M, Mendiratta DK, Deotale VS, Madhan M, Manoharan A,
Narang P. Detection of metallo-beta-lactamases producing Acinetobacter
baumannii using microbiological assay, disc synergy test and PCR. Indian
J Med Microbiol 2012;30:456e61.
56. Hu Q, Hu Z, Li J, Tian B, Xu H. Detection of OXA-type carbapenemases
and integrons among carbapenem-resistant Acinetobacter baumannii in a
teaching hospital in China. J Basic Microbiol 2011;51:467e72.
57. Chu YW, Cheung TK, Ngan JY, Kam KM. EDTA susceptibility leading to
false detection of metallo-beta-lactamase in Pseudomonas aeruginosa by
E-test and an imipenem-EDTA disk method. Int J Antimicrob Agents
2005;26:340e1.
58. Dortet L, Poirel L, Nordmann P. Worldwide dissemination of the NDMtype carbapenemases in Gram-negative bacteria. Biomed Res Int 2014;
2014:249856.
59. Kulah C, Mooij MJ, Comert F, Aktas E, Celebi G, Ozlu N, et al. Characterisation of carbapenem-resistant Acinetobacter baumannii outbreak strains
producing OXA-58 in Turkey. Int J Antimicrob Agents 2010;36:114e8.

252

S. Shoja et al. / Journal of the Chinese Medical Association 80 (2017) 245e252

60. Poirel LNP. Carbapenem resistance in Acinetobacter baumannii: mechanisms and epidemiology. Clin Microbiol Infect 2006;12:826e36.
61. 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.

62. Mahdian S, Sadeghifard N, Pakzad I, Ghanbari F, Soroush S, Azimi L,
et al. Acinetobacter baumannii clonal lineages I and II harboring different
carbapenem-hydrolyzing-beta-lactamase genes are widespread among
hospitalized burn patients in Tehran. J Infect Public Health 2015;8:
533e42.

