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Background: Acinetobacter baumannii has emerged as an important nosocomial pathogen. Hospital outbreaks of extensively drug
resistant (XDR) A. baumannii are a great concern.

Objectives: Aims of this study were to characterize the resistance determinants and genetic relatedness of (XDR) A. baumannii isolates in
hospitals in Tehran, Iran.

Materials and Methods: During a three-year study, clinical isolates of A. baumannii were collected from two hospitals in Tehran, Iran.
Susceptibility testing to antibiotics was performed by disk diffusion method and XDR A. baumannii isolates were identified. Genes’
encoding for carbapenemase production and integrons were identified by PCR. MICs of imipenem and meropenem were determined by
agar dilution. Multiple locus variable-number tandem repeat analysis (MLVA) typing was used to determine genetic relationships of XDR
isolates.

Results: Using PCR for amplification of blagy, 57, 93.9% (123.131) of isolates were identified as A. baumannii and 24.4% (30.123) were XDR.
These isolates were resistant to gentamicin, ciprofloxacin, amikacin, cotrimoxazole, cefepime, cefotaxime, aztreonam and ceftazidime.
Thirty percent of the isolates were resistant to tigecycline. All isolates were susceptible to colistin and polymyxin-B, while 93.3% (28.30)
possessed blagy s »5-like and 6.7% (2.30) possessed blagy 5 like. All isolates possessed insertion sequence (ISAbat) in the upstream region
of the x4,y like gene. Almost 96.7% (29.30) of the isolates were positive for class I integron and 433%(13.30) for class II. These isolates were
also positive for classI. Class Il integron was not detected. MLVA typing of XDR isolates showed seven clonally complexes and 16 singletons.
Conclusions: The population structure of the A. baumannii isolates in our hospitals was genetically diverse. A significant association
between XDR pattern and presence of class 1integron (P < 0.001) was found indicating that many antibiotic resistance determinants are
involved in development of XDR strains.
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1. Background

Acinetobacter species are emerging as one of the most
important nosocomial pathogens that cause a variety of
infections in patients, especially among those in inten-
sive care units. These patients are at risk of different infec-
tions such as ventilator-associated pneumonia, bactere-
mia, surgical wound infections, meningitis and urinary
tractinfections (1). Due to resistance to multiple classes of
antibiotics, only a few treatment options are available for
carbapenem-resistant Acinetobacter baumannii (CRAB).
Genetically mobile elements, including integrons, carry
diverse arrays of resistant gene cassettes and promote
the dissemination of resistance determinants (2). The
transfer of integrons carrying resistance gene cassettes
to other bacteria results in the emergence of resistance
to multiple drugs (3). Acquired carbapenem resistance in
Acinetobacter is often associated with acquired carbapen-

emase production, including gya 3, oxa24 a0d oxass LYPE
class D carbapenemases (1).

The insertion sequence ISAbal has been found to be of
concern with several antibiotic-resistant genes, includ-
ing blagys 3 blagys.sg and blagy, o, and it appears to
provide the promoter required for gene expression (4).
A strain that is resistant to at least three classes of anti-
microbial agents, i.e. all 1) penicillins and cephalospo-
rins (including inhibitor combinations), 2) fluoroqui-
nolones and 3) aminoglycosides, is referred to as being
multi-drug resistant (MDR). An MDR strain that is also
resistant to imipenem is referred to as extensively drug
resistant (XDR) (5). Major epidemiological features of
this organism are its propensity for being spread clon-
ally (6). MIVA typing of A. baumannii with eight variable
number tandem repeat (MLVA-8), had been optimized
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by Pourcel et al. and compared with typing methods, in-
cluding PFGE and SG profiling (7).

2. Objectives

Considering the paucity of epidemiological informa-
tion on the genetic structure and prevalence of resistant
genes in Iran, in this study, we applied MLVA-8 to the
typing of an extensively drug-resistant A. baumannii iso-
lates collected at two different hospitals in Tehran, Iran.
We also evaluated the occurrence of OXA-like carbapen-
emase and integrons among XDR strains.

3. Materials and Methods

3.1. Bacterial Isolates

The study was conducted from March 2010 to Novem-
ber 2013 in two hospitals in Tehran, Iran. Acinetobacter
was identified by conventional testing methods. One
hundred and thirty one isolates were collected from
specimens of affected patients, (e.g., sputum, urine, cere-
brospinal fluid and pleural effusion).

3.2. Susceptibility Testing

Susceptibility testing to antibiotics, including tige-
cycline, colistin and other antimicrobial agents, was
performed by disk diffusion method as recommended
by the clinical and laboratory standards institute (CLSI)
(8). Tigecycline (TGC 15 ng), colistin (CO 10 ng), imipe-
nem (IMI 10 pg), meropenem (MEN 10 pg), gentamicin
(GM 10 pg), ciprofloxacin (CIP 5 pg), Amikacin (AK 30
ng), cotrimoxazole (TS 25 pg), cefepime (CPM30 pg), ce-
fotaxime (CTX 30 pg), aztreonam (ATM 30 pg), ceftazi-
dime (CAZ 30 pg) and polymyxin B (PB 300 U) were

obtained from MAST Pharmaceuticals, Inc. UK. Quality
control was performed by testing the susceptibility of
Escherichia coli ATCC 25922.

3.3. PCR Amplification

DNA was extracted from the isolates by boiling method
(9). All isolates were subjected to multiplex PCR to detect
the blapy_srlike gene that is unique to A. baumannii spe-
cies (10, 11) and to detect the genes of the carbapenem-
hydrolyzing oxacillinases gy, oxass a0d oxazsa (12)-
PCR primers and the annealing temperature are listed in
Table1.Class 1,2 and 3 integrons were detected using mul-
tiplex PCR, as described by Dillon et al. (13). A. baumannii
strain ATCC 17978 and referenced strain COL 20820 was
used as positive control for phenotypic tests and detec-
tion of bla yy «;-

3.4. Molecular Typing

MLVA was used to determine the epidemiological re-
lationship among A. baumannii XDR isolates harboring
integrons and carbapenem resistance genes according
to Pourcel et al. and the variable number tandem repeat
(VNTR) markers used were L-repeats VNTR, including
Abaum3530, Abaum3002, Abaum2240, Abaum1988 and
Srepeats VNTR, including Abaumo0826, Abaum2396,
Abaum3468 and Abaumo0845 (7). The polymorphism in-
dices of individual loci or combined VNTR loci and con-
fidence intervals (Cls) were calculated using the Hunt-
er-Gaston diversity index (HGDI) by hpa bioinformatic
on line tools software (14, 15). The length of repeat, the
number of repetitions and deduced sizes of the flank-
ing regions were analyzed (16). Cluster analysis of the
MLVA typing data was performed by MLVA plus online
tools software.

Table 1. PCR Primers and the Annealing Temperature Used in This Study

Gene Primer Amplicon Size Annealing
blaOXA-23F GAT CGG ATT GGA GAA CCAGA 501 bp 53
blaOXA-23R ATT TCT GAC CGC ATT TCC AT
blaOXA-24F GGTTAGTTG GCCCCCTTAAA 246 bp 53
blaOXA-24R AGT TGA GCG AAAAGG GGATT
blaOXA-58F AAG TATTGG GGCTTGTGCTG 599 bp 53
blaOXA-58R CCCCTCTGCGCTCTACATAC
Isaba-1(F) CACGAATGCAGAAGTTG 1200 bp 49
OXA-23-R TTAAATAATATTCAGCTGT
Int-1F CAGTGGACATAAGCCTGTTC 160 bp 62
Int1R CCCGAGGCATAGACTGTA
Int-2F GTAGCAAACGAGTGACGAAATG 788 bp 62
Int-2R CACGGATATGCGACAAAAAGGT
Int-3F GCCTCCGGCAGCGACTTTCAG 979 bp 62
Int-3R ACGGATCTGCCAAACCTGACT
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4.Results

Using PCR for amplification of blagy, s, 123 of 131 Aci-
netobacter isolates were identified as A. baumannii. Thirty
isolates (24.4%) were XDR. According to disc diffusion,
these isolates were resistant to imipenem, gentamicin,
ciprofloxacin, amikacin, cotrimoxazole, cefepime, cefo-
taxime, aztreonam and ceftazidime. Thirty percent of
these XDR isolates were resistant to tigecycline based on
the FDA criteria. All isolates were susceptible to colistin
and polymyxin-B. The minimum inhibitory concentra-
tion (MICs) of imipenem and meropenem for the A.
baumannii isolates ranged from 16 to 128 mg/L and 4 to
256 mg|(L, respectively. According to the MICs, 30 (100%)
of XDR A. baumannii isolates were resistant to imipenem
and 29 (96.7%) were resistant to meropenem (MIC > 16
mg(L). bla 4y, 55 gene was not detected in XDR isolates.

Twenty-eight XDR isolates (93.3%) had positive result for
bla x4 ,5-like and two (6.7%) for bla x4.o4like. Using the
ISAba1 forward primer and the gy4 ,3like gene reverse
primer, all isolates yielded a PCR amplicon of 1.2 kb, indi-
cating the location of ISAbal in the upstream region of the
0OxA-23like gene of these isolates. Twenty-nine XDR isolates
(96.7%) carrying class 1 integrons and 13 (43.3%) were carry-
ing both class I and II integrons. Class III integrons were
not detected. The MLVA typing of the XDR isolates showed
seven clonally complexes and 16 singletons. Some isolates
with the same clonally complex and obtained from the
same ward, were different in the combination of resis-
tance genes. Figure 1 shows the minimum spanning tree
presentation of MLVA-8 clustering of the XDR strains. In
our study, Abaum3468 had amplification failure.

CC 40
o
CC W, /

Figure 1. Minimum Spanning Tree Representation of the MLVA-8 Cluster-
ing of the 30XDR Isolates

Jundishapur ] Microbiol. 2015;8(7):e27021

Seven complexes (cc1 to cc7) are designated and marked
by different halo colors. A distance of two loci is indicated
by a thin line and a distance of three or more loci is indi-
cated by a broken line. The letters inside the circles (A and
B) indicate the name of hospitals.

5. Discussion

Genotyping XDR isolates by MLVA indicated that differ-
ent strains were co-circulating within the two hospitals.
This is the first population genetic study on A. baumannii
by MLVA typing in Iran and we demonstrated that an XDR
A. baumannii population in our hospitals was genetically
diverse, which complicates preventive and infection con-
trol measures. Strain typing in another study also showed
genotypic diversity within A. baumannii (17), but still oth-
er studies described them clonally (18, 19). This phenom-
enon could be due to the use of three S-repeats VNTR loci
with high discriminative power in our study. The four
L-repeats, i.e. Abaum3530, Abaum3002, Abaum2240 and
Abaum1988, were distributed in the major clones, and
the S-repeats, i.e. Abaum0826, Abaum0845 Abaum2396
and Abaum3468 provided a high level of discrimination.
The diversity of MLVA S-VNTR markers, led to fine cluster-
ing of isolates.

Using pulsed-field gel electrophoresis (PFGE) along with
MLVA can provide better tool for epidemiological inter-
pretation thatwas notused in our study. In a French study,
three loci, i.e. Abaum3002, Abaum3530 and Abaum 0826,
had amplification failure (20). Nevertheless, in our study
Abaum3468 had amplification failure. This reflects the
fact that the distribution of the loci in different strains
was not uniform. In all of the resistant strains examined,
the bla-gy, ,; gene was along with to the insertion se-
quence ISAbal. The presence of bla-gx, ,, in several differ-
ent MLVA types in different hospitals implies its mobility.
Identification of common genetic elements (ISAbai-bla
oxa2; and the integrons) in isolates with different clonal
complexes suggested that horizontal transfer occurred
rather than clonally spreading of the isolates. Additional
studies with longer period of time are needed to assess
this phenomenon. In this study, we detected class I and
class Ilintegrons in A. baumannii in 96.7% and 43.3% of the
clinical isolates, respectively.

Among 115 class 1 integron-positive isolates, 57 (49.6%)
isolates were meropenem and imipenem resistant.
There was no association between the presence of class
lintegron and resistance to imipenem and meropenem
(P > 0.05); however, a significant association between
XDR pattern and presence of class 1integron (P < 0.001)
was found. Since class I integrons carrying multiple re-
sistance gene cassettes, association with XDR resistant
strains is not unexpected. In an Australian study, a mul-
tiplex PCR method targeting the specificintegrase genes
(intl) for class I, Il and III integrons failed to identify in-
tll (encoding the class Il integrase) or intlII (class III) in
any isolate (4). In Thailand, among 63 MDR A. bauman-
nii, 31 (67%) and 2 (4%) isolates carried class I and class
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II integrons. Class III integrons were not detected. The
first report of class [ integrons in multidrug-resistant A.
baumannii in northwest Iran, showed that 92.5% of MDR
A. baumannii carried class I integrons. The presence of
class 1 integrons had a significant association with re-
sistance in MDR-A. baumannii (21). Moreover, presence of
class I and II integrons in 47 (53.4%) of MDR A. bauman-
nii isolates was reported in southern Iran, while similar
to the present study, class IIl integron was not detected
(22). Our study showed resistance to most of the avail-
able antimicrobial agents for the treatment of infec-
tions caused by A. baumannii, except for polymyxin-B
and colistin. The broad-spectrum in vitro activity of tige-
cycline and colistin may make them suitable candidates
for use in the treatment of XDR A. baumannii.

Acknowledgements

The study was supported by a grant from faculty of med-
ical sciences, Tarbiat Modares university of Iran.

Authors’ Contributions

Shahin Najar Peerayeh developed the study concept
and design, acquisition of data and study supervision,
technical and material support. Afsaneh Karmostaji
was responsible for drafting of the manuscript, acqui-
sition of data, analysis and interpretation of data and
statistical analysis.

Funding/Support

Financial support and equipment of this research was
provided by Tarbiat Modares university.

References

1. WangH, Guo P, Sun H, Wang H, Yang Q, Chen M, et al. Molecular
epidemiology of clinical isolates of carbapenem-resistant Aci-
netobacter spp. from Chinese hospitals. Antimicrob Agents Che-
mother. 2007;51(11):4022-8.

2. Sirichot S, Diraphat P, Utrarachkij F, Tribuddharat C, Siripanich-
gon K. Dissemination of class I integron in Acinetobacter baum-
liannii isolated from ventilator-associated pneumonia patients
and their environment. Southeast Asian ] Trop Med Public Health.
2009;40(6):1284-92.

3. Huang LY, Chen TL, Lu PL, Tsai CA, Cho WL, Chang FY, et al. Dis-
semination of multidrug-resistant, class 1 integron-carrying
Acinetobacter baumannii isolates in Taiwan. Clin Microbiol Infect.
2008;14(11):1010-9.

4. Valenzuela JK, Thomas L, Partridge SR, van der Reijden T, Dijk-
shoorn L, Iredell J. Horizontal gene transfer in a polyclonal out-
break of carbapenem-resistant Acinetobacter baumannii. J Clin
Microbiol. 2007;45(2):453-60.

5. ManchandaV, Sanchaita S, Singh N. Multidrug resistant acineto-
bacter. ] Glob Infect Dis. 2010;2(3):291-304.

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

HuY, Li B, Jin D, Cui Z, Tao X, Zhang B, et al. Comparison of multi-
ple-locus variable-number tandem-repeat analysis with pulsed-
field gel electrophoresis typing of Acinetobacter baumannii in
China.J Clin Microbiol. 2013;51(4):1263-8.

Pourcel C, Minandri F, Hauck Y, D'Arezzo S, Imperi F, Vergnaud
G, et al. Identification of variable-number tandem-repeat (VNTR)
sequences in Acinetobacter baumannii and interlaboratory
validation of an optimized multiple-locus VNTR analysis typing
scheme. ] Clin Microbiol. 2011;49(2):539-48.

Clinical and laboratory standards institute . Performance stan-
dards for Antimicrobil susceptibility testing; twentieth informational
supplement. Wayne 2010.

Andriamanantena TS, Ratsima E, Rakotonirina HC, Randriani-
rina F, Ramparany L, Carod JF, et al. Dissemination of multidrug
resistant Acinetobacter baumannii in various hospitals of An-
tananarivo Madagascar. Ann Clin Microbiol Antimicrob. 2010;9:17.
Alsultan AA, Hamouda A, Evans BA, Amyes SG. Acinetobacter
baumannii: emergence of four strains with novel bla(OXA-
51-like) genes in patients with diabetes mellitus. ] Chemother.
2009;21(3):290-5.

Turton JF, Woodford N, Glover |, Yarde S, Kaufmann ME, Pitt TL.
Identification of Acinetobacter baumannii by detection of the
blaOXA-51-like carbapenemase gene intrinsic to this species. |
Clin Microbiol. 2006;44(8):2974-6.

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 | Antimicrob Agents.
2006;27(4):351-3.

Dillon B, Thomas L, Mohmand G, Zelynski A, Iredell ]. Multiplex
PCR for screening of integrons in bacterial lysates. | Microbiol
Methods. 2005;62(2):221-32.

Hunter PR, Gaston MA. Numerical index of the discriminatory
ability of typing systems: an application of Simpson's index of
diversity. ] Clin Microbiol. 1988;26(11):2465-6.

Grundmann H, Hori S, Tanner G. Determining confidence inter-
vals when measuring genetic diversity and the discriminatory
abilities of typing methods for microorganisms. J Clin Microbiol.
2001;39(11):4190-2.

Benson G. Tandem repeats finder: a program to analyze DNA se-
quences. Nucleic Acids Res.1999;27(2):573-80.

Diancourt L, Passet V, Nemec A, Dijkshoorn L, Brisse S. The popu-
lation structure of Acinetobacter baumannii: expanding multi-
resistant clones from an ancestral susceptible genetic pool. PLoS
One.2010;5(4):€10034.

Jeon BC, Jeong SH, Bae IK, Kwon SB, Lee K, Young D, et al. Inves-
tigation of a nosocomial outbreak of imipenem-resistant Aci-
netobacter baumannii producing the OXA-23 beta-lactamase in
korea. ] Clin Microbiol. 2005;43(5):2241-5.

Dalla-Costa LM, Coelho M, Souza HA, Castro ME, Stier CJ, Bragag-
nolo KL, et al. Outbreak of carbapenem-resistant Acinetobacter
baumannii producing the OXA-23 enzyme in Curitiba, Brazil. |
Clin Microbiol. 2003;41(7):3403-6.

HauckY, Soler C, Jault P, Merens A, Gerome P, Nab CM, et al. Diver-
sity of Acinetobacter baumannii in four French military hospi-
tals, as assessed by multiple locus variable number of tandem
repeats analysis. PLoS One. 2012;7(9):e44597.

Peymani A, Farajnia S, Nahaei MR, Sohrabi N, Abbasi L, Ansarin K,
et al. Prevalence of class 1 integron among multidrug-resistant
Acinetobacter baumannii in Tabriz, northwest of Iran. Pol | Mi-
crobiol. 2012;61(1):57-60.

Japoni S, Japoni A, Farshad S, Ali AA, Jamalidoust M. Association
between existence of integrons and multi-drug resistance in Aci-
netobacter isolated from patients in southern Iran. Pol | Micro-
biol. 2011;60(2):163-8.

Jundishapur ] Microbiol. 2015;8(7):e27021



