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Background: Acinetobacter baumannii resistance is-
lands (AbaRs) are transposons that have the role of
important vehicles for the acquisition of antimicrobial
resistance genes, and are associated with multidrug
resistance (MDR). In this study, we aimed to de-
termine the AbaRs in MDR A. baumannii global
clone 2 (GC2) clinical isolates obtained from a uni-
versity hospital in Daejeon, Korea.

Methods: This study included 17 MDR A. baumannii
strains isolated in Daejeon, Korea. The minimal in-
hibitory concentrations (MICs) were determined by
Etest. A. baumannii isolates were characterized using
2 multiplex PCR assays and a multilocus sequence
typing (MLST) scheme. To detect and characterize
AbaRs, PCR and PCR mapping experiments were
performed.

Results: All 17 MDR A. baumannii isolates tested in

INTRODUCTION

Multidrug-resstant (MDR) A. baumannii strains have been re-
ported worldwide usualy belonged to one of two globaly dis-
tributed clonal complexes. These two clones are globd clones
1 and 2 (GC1 and GC2) which are dso known as European
clone | and Il, respectively [1]. Most MDR A. baumannii iso-
lates belonging to GC1 and GC2 are important opportunistic
pathogen associated with nosocomia infections and hospitd
outbregks. The evolution of MDR A. baumannii strains have
been suggested to decrease cell wall permesbility, increase con-
stitutive expresson of efflux pumps and/or acquire their anti-
microbial resistance genes via integrons, trangposons and plas-
mid [2]. In particular, rapid dissemination of acquired resistance
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this study belonged to GC2 and contained 5 se-
quence types (STs): 75, 92, 137, 138, and 357.
Tn6166 that contains antimicrobial resistance genes
and is also known as AbaR4a was found in all 17
GC2 strains. This is the first report of Tn6166 in
MDR A. baumannii GC2 isolates in Korea. In con-
trast, AbaR4 was not found in the GC2 isolates.
Conclusion: Tn6166 has been disseminated among
MDR A. baumannii GC2 isolates in Korea. Further
investigation is needed to recover the various types
of AbaRs in MDR A. baumannii GC2 isolates in
Korea are responsible for the multiple antimicrobial
resistance mechanisms. (Ann Clin Microbiol 2013;16:
75-80)
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genes has led to the widespread of MDR A. baumannii strains
which give rise to sgnificant thergpeutic failures and increase of
patient morbidity and mortality [3].

Many MDR A.baumannii strains harbor multiple antimicrobial
resistance genes, which are integrated in the chromosoma comM
gene encoding an ATPase domain. Such genomic resistance is-
lands were designated A. baumannii resistance idands (AbaRs)
[3]. AbaRs are trangposons that incorporate themselves into the
comM gene and have role as important vehicles for the acquis-
ition of antimicrobia resstance genes. The fird example of
AbaRs was found in strain AYE and designated AbaR1 idand,
which includes more than 40 antimicrobia and heavy meta re-
dstance genes. Until recently, many types of AbaRs have been
fully characterized following detection of AbaR1 and most of
them belong to AbaR3-type and AbaR4-type idands [3,4].

AbaR3-type idands found in GCL1 isolates consist of a back-
bone transposon, Tn6019, which interrupted by a large com-
pound transposon containing a variable resistance region located
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between two copies of transposon, Tn6018 [4]. AbaR4-type is-
lands found in both GC1 and GC2 isolates are consisted of a
backbone trangposon, Tn6022, which is most closdly related to
the transposon Tn6021 that interrupts the comM gene but carries
no resistance genes [5,6]. Tn6022 differs from Tn6021 in that
it includes a short different patch of 90.8% identity in the
tniC-tniA gene region (shown as a black line in Fig. 1) and
lacks of tniD gene and part of tniB and tniE genes [4].

Even though various AbaRs have been recovered in MDR A
baumanii isolates worldwide [6,7], there is a relative paucity of
reports about AbaRs in MDR A. baumanii isolates from Korea.
In the present study, we aimed to investigate the AbaRs for un-
derstanding of acquired antimicrobial resistances mechanisms in
MDR A. baumannii GC2 isolates obtained from a university
hogpitdl in Dagjeon, Korea

MATERIALS AND METHODS
1. Sdection of bacteria isolates

Seventeen MDR A. baumannii isolates were collected and
characterized in our previous study [8]. The isolates were col-

lected from different patients in one university hospital in
Dagjeon (Korea) during the period between 2009 and 2011.
MDR phenotypes were defined as showing resistance to repre-
sentative antimicrobial agents of at least three different classes
of drugs. aminoglycosides (gentamicin, amikacin), antipseudo-
mond penicillins (ticarcillin, piperacillin, piperacillin/tazobactam),
carbapenems (imipenem, meropenem), antipseudomona cepha-
losporins (ceftazidime, cefepime), and fluoroquinolone (cipro-
floxacin) [9].

2. DNA extraction and PCR amplification

Whole-cell (genomic) DNA was obtained from each target
drain by usng a genomic DNA purification kit (SolGent,
Dagjeon, Korea) according to the manufacturer’s instructions.
PCR was performed using 50 ng of genomic DNA, 25 gL of
10x Taq buffer, 0.5 L of 10 mM dNTP mix, 20 pmol of each
primer, and 0.7 U of Tag DNA polymerase (SolGent), in a totd
volume of 25 #L. Each target Ste was amplified in a GeneAmp
PCR System 9600 therma cycler (Perkin-Elmer Cetus Corp.,
Norwak, CT, USA). The amplified products were separated via
electrophoresis on 1.5% (wi/v) agarose gels containing ethidium
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Fig. 1. Schematic representation of trangposons isolated from multidrug-resistant A. baumannii strains. The dotted rectangle in Tn6019 represents

deletion part in Tn6021. A short patch of 90.8% identity in the tniC-tniA

gene region was shown as a black line in Tn6022 and Tn6166. In

Tn6022, the dotted rectangle exhibits deletion part in Tn6166. The horizontal arrows indicate the trandation orientation of the genes.
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bromide, and visuadized using a BioDoc-14TM Imaging system
(UVP, Cambridge, UK). For sequencing, PCR products were
purified with a PCR purification kit (SolGent) following the
manufacturer’s protocols.

3. Characterization of A. baumannii isolates

The two multiplex PCR assays were used as previoudy de-
scribed [10] to identify members of the GC1 and GC2. The
Oxford multilocus sequence typing (MLST) scheme [11], which

uses seven housekeeping genes (gItA, gyrB, gdhB, recA, cpn60,
gpi and rpoD24) was used to determine the sequence types (STS).
A ST number was assigned by comparing the dlele sequences to
ones in the MLST ste (http:/pubmlst.org/abaumannii/).

4, Detections and characterizations of AbaRs

The genes associated with AbaRs were detected by PCR us-
ing the published primers (Table 1) [2,3]. The amplification re-
gions are represented in Fig. 2. To investigate the structures of

Table 1. Primer pairs used for the detection and characterization of A. baumannii resistance isands

Region Primer Sequence 5-3 Amplicon length (bp)

comM RH791 TGCTGCAATGAGCTGAAAGT 982
RH913 GCCTCTCATTGAGGTTGAGG

comM-AbaR (J1) RH927 CAACCCTGTCTTTGCATTTG 846
RH792 TTCGAGCTTGAAAACTGCAC

AbaR-comM (J2) RH916 CCCAAATACTGCCATGTTGA 796
RH928 GCCAGCAAGCTCAGCATAA

Tn6018 RH768 GAATCGCTGGTGATGATGGC 1,630
RH769 GGTCTGAGACTTCGTGAGCGC

UspA RH919 TGTCAAAAATTATTGCATGT 632
RH793 CCCAAGAGAGCTGATTTTGC

comM-tniBA RH791 TGCTGCAATGAGCTGAAAGT 3,119
RH909 GCGATTCAAAATATCGGTCAA

comM-orf/uspA RH791 TGCTGCAATGAGCTGAAAGT 4,632
RH592 AAGCTTATCGAAAAGGCGTAGA

tniB-tniE RH910 GCGATAGTGAACGGATTGAGA 560
RH587 TTGCCCATTAAGCACAACAG

tniB4-sup RH910 GCGATAGTGAACGGATTGAGA 3,267
RH771 TGTAAAATCTGGTGGTCGTAC

up-tetA(B) RH772 GCAGCCATAGGAATGACTTTTA 3,961
tetBF TTGGTTAGGGGCAAGTTTTG

orf4-CR2 RHI16 CCCAAATACTGCCATGTTGA 4,466
LECR2 CACTGGCTGGCAATGTCTAG

CR2-comM RH702 CTCGTCAACGATCTGATAGAGAAGGG 5,021
RH928 GCCAGCAAGCTCAGCATAA

tniC tniA tniBA AtniEorf uspA Sup orf4 tetA tetR strB strA orf5
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Fig. 2. Schematic representation of transposon, Tn6166 and the amplification regions used in the diagnostic PCRs. The genes are shown by horizonta
arrows with the gene name above. The dotted lines indicate PCR amplification regions with primer name on the right. Abbreviation: Tn, transposon.
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Table 2. Properties of multidrug-resstant A. baumannii GC2 isolates carrying Tn6166

Idand junctions

Features of Tn6166

Sequence Number of Globad  blaoxa-s1
type isolates  clone like comM-AbaR  AbaR-comM StrA, tetB,
comM 1 D Tn6018 UspA sul <rB 1R ISCR2

75 1 2 OXA-66 - + + - + + + + +
92 2 2 OXA-66 - + + - + + + + +
137 7 2 OXA-66 - + + - + + + + +
138 3 2 OXA-66 - + + - + + + + +
357 4 2 OXA-66 - + + - + + + + +

Abbreviation: AbaR, A. baumannii resistance isand.

AbaR backbone, PCR mapping experiments were performed as
described previoudy [2,3]. The amplicons were purified and se-
quenced using a BigDye Terminator Cycle Sequencing Kit (PE
Applied Biosystems, Foster City, CA, USA) and an ABI
PRISM 3730XL DNA analyzer (PE Applied Biosystems). DNA
fragments (up to 1 kb in size) were sequenced using the over-
lapping PCR technique. The various DNA seguences were con-
firmed by using the BLAST paired aignment facility (http:/
blast.ncbi.nim.gov).

RESULTS

1. Characterization of MDR A. baumannii

Asociation of the GC lineages was tested for 17 MDR A.
baumannii using multiplex PCRs. All 17 isolates tested in this
study belonged to GC2 and carried dlele 66 of the intrinsic
blaoxa-s1-like genes which corresponds with their assignment to
GC2. MLST analysis of GC2 isolates revealed 5 STs (75, 92,
137, 138 and 357) (Table 2).

2. MDR A. baumannii GC2 grains including AbaRs

To determine whether MDR A. baumannii GC2 gtrains har-
bored a transposon in comM gene, al 17 strains were tested for
the presence of comM gene. An amplicon of comM gene was
not obtained from any of our isolates except Acinetobacter cal-
coaceticus control gtrain. J1 (comM-AbaR) and J2 (AbaR-comM)
segments, which form the boundaries of the AbaR backbone
trangposon, Tn6019, were amplified in al 17 isolates, indicating
that trangposon related insartions are present at the position of
comM gene. However, Tn6018 and an interrupted uspA gene
were not present in dl isolates tested in present study. These re-
aults indicated that AbaR3-type idands were not present in GC2
isolates.

3. Characterization of AbaRs

To characterize AbaRs contained in GC2 isolates, we mapped
the continuous regions from J1 to J2 segment by overlapping
PCRs and the sequencing. The about 18 kb transposon, Tn6166
(GenBank accession no. JN247441), was identified from the ge-
nome of al MDR A. baumenii isolates which were tested in this
study and belonged to GC2 (Fig. 1). Tn6166 carries Tn6022
containing intact universal stress protein (uspA) and sulfate per-
mease (sul) except for a 2.85 kb deletion region which removes
tniD gene and part of tniB and tniE genes. The tet(B) determi-
nant and strA and strB genes are located in Tn6166 harboring
the small mobile element CR2.

DISCUSSION

MDR A. baumannii isolates pose therapeutic problems caused
by intrinsgc antimicrobia resistance mechanisms and capability
to acquire multiple antimicrobia resistance genes via integron
and trangposon. Many researchers tried to find the role of in-
tegron and transposon mediated resistance in developing MDR
A. baumannii strains, and recently recognized AbaRs as trans-
posons containing multiple resistance determinants [2]. Further
studies have found the frequent occurrence and worldwide dis-
semination of various AbaRs among MDR A. baumannii iso-
lates [12]. However, much less is known about AbaRs in MDR
A. baumannii isolates in Korea

In this study, structure of transposon in MDR A. baumannii
GC2 isolates was determined by using a strategy based on the
gructural and sequence homology of the AbaRs [2,3]. All GC2
isolates harbored an interrupted comM gene and uninterrupted
uspA gene. In addition, Tn6018 was not found in any isolates
tested present study. Our results suggest that transposon in-
sartion in GC2 isolates was not closdly connected to the
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TnB018-containing AbaR3-type idands found in most of GC1
isolates. To characterize the transposons we used published pri-
mers for Tn6166, which is a type of genomic resistance idand
found in GC2 isolates and dso known as AbaR4a for the struc-
turd similarity to Tn6022, the backbone of AbaR4 [13]. The
Tn6166 was found in dl 17 MDR A. baumannii GC2 drains
which were collected during the three years and revealed vari-
ous ST types (ST 75, 92, 137, 138 and 357). This result sug-
gests that Tn6166 was disseminated in GC2 isolates and have
existed for many years, though there have not been any reports
as yet concerning Tn6166 in Korea. This is the first report of
Tn6166 in MDR A. baumannii GC2 isolates in Korea

Tn6166 wes first detected in A. baumannii RUH134/A320
which was isolated in 1982 in the Netherlands and has been
used as the reference strain for GC2 isolates [4]. This suggests
that Tn6166 has been served as a reservoir for antimicrobid re-
sistance genes in GC2 isolates since long before. The genomic
idand has a different origin to the AbaR3-type idands found in
GC1 isolates and representative of a type of genomic idand
found in GC2 isolates.

Reportedly, AbaR4 which carries trangposon Tn2006 harbor-
ing the blaoxa-23 carbapenem resistance gene have been identi-
fied in GC1 and GC2 isolates [14,15]. AbaR4 globdly dis-
seminated has been recovered in Audtrdia, UK and Taiwan [5,
16,17], but there is not yet any data about AbaR4 in Korea 0
far. Smilarly, in our examination, AbaR4 was not found in any
isolates, athough the 5 isolates of them harbored blaoxa.2s gene.

In present study, it was found that various MDR A. bau-
mannii GC2 isolates collected during the period between 2009
and 2011 contained Tn6166 containing antimicrobia resistance
genes. This result suggests that Tn6166, AbaR4-type idand-re-
lated transposons, has been disseminated among MDR A. bau-
manii GC2 isolates in Korea before the transposons were de-
termined in GC2 isolates. This finding emphasizes that further
investigation is needed to recover various AbaRs in MDR A
baumannii GC2 isolates in Korea because AbaRs may seem to
play a substantiad role in antimicrobial resistance in MDR A.
baumannii isolates through insertion and homologous recombi-
nation of various antimicrobial resistance genes.
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OisoN 2= ONU/E Acinetobacter baumannii Global
Clone 291N AbaR-type Resistance Island &4t
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