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Abstract

Background: Acinetobacter baumannii is an opportunistic multidrug-resistant pathogen associated with nosocomial infections in
critically ill patients. Antibiotic resistance genes are often encoded by class 1 and 2 integrons and located on plasmids that can
facilitate their horizontal transfer among bacteria.
Objectives: The aim of this research was to study the correlation between plasmid carriage and presence of class 1 and 2 integrons
in nosocomial isolates of A. baumannii.
Methods: Fifty isolates collected between October 2014 and March 2015 from Imam Hussein hospital in Tehran were examined.
Bacterial identification was carried out by biochemical identification as well as detection of the blaOXA -51 gene among the isolates.
Susceptibility to 18 antibiotics was determined by disc diffusion method. Class 1 and 2 integrons were detected in total DNA extracts
as well as in isolated plasmids using specific primers and PCR.
Results: All isolates were extremely drug-resistant (XDR). Integron carriage was observed in 32 isolates (64%). Seventeen isolates
(34%) carried plasmids with molecular sizes of > 20 kbp. Among them, six (35.4%) carried class 1, three (17.6%) harbored class 2, four
(23.5%) had both integron classes, and four isolates (23.5%) carried no integrons. Of the plasmid negative isolates, 14 (42.4%) had no
integron, 10 (30.3%) carried integron 2, five (15.2%) harbored integron 1 and interestingly, four (12.1%) carried both integron classes.
Conclusions: No correlation was found between antibiotic resistance profiles and integron carriage. Class 1 integron was signifi-
cantly associated with plasmid carriage showing its role in the dissemination of drug resistance in A. baumannii. No association was
observed between class 2 integrons and plasmid carriage suggesting their chromosomal location.
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1. Background

Acinetobacter baumannii has become an important
nosocomial pathogen responsible for hospital outbreaks
during the past few decades. In fact, A. baumannii is the
fifth most common pathogen which targets the critically
ill patients in intensive care units (ICU) worldwide (1, 2).
Multidrug-resistant strains of A. baumannii possessing a
variety of resistance mechanisms to all existing antibi-
otic classes including aminoglycosides, quinolones, and
broad-spectrum β-lactams, have become a frequent prob-
lem in clinical settings (3, 4). In addition, due to its in-
nate resistance to desiccation and disinfectants, A. bau-
mannii has the ability to survive in the environment for
extended periods and is almost impossible to eradicate
from the hospital settings (5). The outstanding ability
of A. baumannii to acquire a great variety of resistance
mechanisms including chromosomal mutations or acqui-

sition of genetic elements such as plasmids, transposons
or integrons, contributes to the emergence of multidrug-
resistant strains.Integrons are genetic elements that rec-
ognize and capture mobile gene cassettes, including the
antimicrobial drug resistance determinants (6). Among
the antibiotic-resistant integrons, classes 1 and 2 are most
frequently associated with multidrug-resistant pathogens.
These integrons are often located on plasmids that can fa-
cilitate their horizontal transfer among bacteria (7). Class
1 integrons are commonly found in A. baumannii and typi-
cally encode genes for aminoglycoside resistance, Ambler
class A β-lactamases, metallo-beta-lactamases, and oxacil-
linases as well resistance to antiseptics and sulfonamides
(8-11). Class 2 integrons, embedded within the transpo-
son Tn7, display a narrower diversity of gene cassettes; and
those described in A. baumannii have shown to confer re-
sistance to aminoglycosides, chloramphenicol, trimetho-
prim, streptothricin, and streptomycin (12).
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2. Objectives

The aim of this research was to study the correlation
between plasmid carriage and presence of class 1 and 2 in-
tegrons in nosocomial isolates of A. baumannii.

3. Methods

3.1. Bacterial Isolates

Fifty isolates of A. baumannii were collected from Imam
Hossein hospital in Tehran between October 2014 and
March 2015. The majority of the isolates were obtained
from the intensive care unit (ICU, n = 45) and were mostly
from sputum (n = 34) followed by blood (n = 6), catheters
(n = 3), trachea (n = 3), urine (n = 2), and wounds (n =
2). Thirty eight isolates (76%) were from men and 12 (24%)
were from women. Bacterial identification was carried
out by standard biochemical tests as well as detection of
the blaOXA-51 gene (13). The isolates were stored at -20°C in
brain heart infusion broth containing 8% dimethyl sulfox-
ide (v/v) until use.

3.2. Molecular Identification of A. baumannii

Detection of blaOXA-51 gene among the isolates was car-
ried out using primers listed in Table 1 (14). DNA extrac-
tion was carried out by boiling (15). Briefly, a loopful of
an overnight grown culture of each test isolate was sus-
pended in 500 µL of sterile double-distilled water, boiled
at 100°C for 10 minutes, and centrifuged at 13,000 × g for
10 minutes. The supernatant was then used as the DNA
template for PCR amplification. PCR reaction mixtures (25
µL) contained 1 µL of DNA template, 1.4 mM MgCl2, 0.24
mM of each dNTP, 4 pM primer, and 2.5 U of Taq DNA poly-
merase in the buffer provided by the manufacturer (Cinna-
Gen, Iran). The amplifications were performed in a thermo-
cycler (Techne TC-3000G; UK) with the following program:
initial denaturation at 94°C for 5 minutes, 30 cycles at 94°C
for 25 seconds, 52°C for 40 seconds, and 72°C for 50 sec-
onds, followed by a 6 minutes final elongation step at 72°C.
PCR products were separated on 1% agarose gels and visu-
alized after staining with RedSafe (iNtRON Biotechnology,
Korea) using an image analysis system (UVLtec; St John’s In-
novation Centre, UK).

3.3. Antibacterial Susceptibility

Disc diffusion was employed to determine the suscep-
tibility of the isolates to 18 antibiotics as recommended
by the CLSI 2015 guidelines (17). The antibiotic discs were:
azteronam (ATM, 30 µg), amoxicillin/clavulanic acid (AUG,
30 µg), ceftazidime (CAZ, 30 µg), cefotaxime (CTX, 30 µg),

cefepime (CPM, 30 µg), carbenicilin (PY, 100 µg), ampi-
cillin/sulbactam (SAM, 10 µg), piperacillin (PRL, 100 µg),
piperacillin/tazobactam (PTZ, 10/100 µg), ticracilin (TC, 75
µg), amikacin (AK, 10 µg), gentamicin (GM, 10 µg), to-
bramycin (TN, 10 µg), ertapenem (ETP, 10 µg), imipenem
(IMI, 10 µg), meropenem (MEN, 10 µg), ciprofloxin (CIP, 5
µg), and cotrimoxazole (TS, 25 µg). Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853 were used
as quality control strains in each test run.

3.4. Detection of Class 1 and 2 Integrons

DNA extraction was carried out by boiling as men-
tioned above. PCR amplification of int1 and int2 genes was
carried out using two sets of primers listed in Table 1 (16).
PCR reaction mixtures (25µL) contained 0.5µL of DNA tem-
plate, 1.5 mM MgCl2, 0.4 mM of each dNTP, 10 pM of primer,
and 1 U of Taq DNA polymerase in the buffer provided by
the manufacturer (CinnaGen, Iran). The amplification for
int1 was performed with the following program: initial de-
naturation at 95°C for 5 minutes, 30 cycles of 1 minute at
94°C, 1 minute at 54°C, and 1 minute at 72°C, followed by a
10 minutes final elongation step at 72°C. PCR amplification
for int2 was carried out at 95°C for 5 minutes, 30 cycles of
30 seconds at 94°C, 30 seconds at 52 °C, and 2 minutes at
72°C, followed by 7 minutes final elongation at 72°C. PCR
products were separated on 1% agarose gels and observed
as mentioned earlier. Positive controls for class 1 and 2 in-
tegron DNA were obtained from the Pasteur Institute in
Tehran and were included in the PCR experiments.

3.5. Statistical Analyses

Bivariate analyses were performed to assess correla-
tions between the study variables using non-parametric
Spearman’s rank correlation test in SPSS version 22.

4. Results

Biochemical tests and presence of blaOXA-51 gene in all
test isolates confirmed their identity as A. baumannii. All
isolates (100%) were resistant to aztreonam, amoxicillin-
clavulanic acid, ceftazidime, cefotaxime, cefepime, car-
benicillin, piperacillin, piperacillin-tazobactam, ticar-
cillin , amikacin, ertapenem, imipenem, meropenem,
ciprofloxacin, and cotrimoxazole. The resistance rates
to the remaining antibiotics were: tobramycin (94%),
ampicillin-sulbactam (90%), and gentamicin (86%). These
results showed that our A. baumannii isolates were ex-
tensively drug-resistant (XDR). No correlation could be
observed between antibiotic resistance, the source of the
specimens, and patient’s gender. Integron carriage was ob-
served in 32 isolates (64%) of which, 11 (34%) harbored class
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Table 1. Primers Used for Identification of A. Baumannii Isolates and Detection of int1 and int2 Genes

Primer Sequence Product Size, bp Reference

oxa-51 353 (14)

Forward 5’-TAATGCTTTGATCGGCCTTG-3’

Reverse 5’-TGGATTGCACTTCATCTTGG-3’

Int1 565 (16)

Forward 5’-ACGAGCGCAAGGTTTCGGT-3’

Reverse 5’-GAAAGGTCTGGTCATACATG-3’

Int2 403 (16)

Forward 5’-GTGCAACGCATTTTGCAGG-3’

Reverse 5’-CAACGGAGTCATGCAGATG-3’

1 integron, 13 (41%) carried class 2 integron, and eight (25%)
had both integrons. No correlation was found between
integron carriage and antibiotic resistance phenotype
since all isolates were XDR.

Plasmid carriage occurred in 17 isolates (34%) among
which, six (35.4%) carried class 1, three (17.6%) harbored
class 2, four (23.5%) had both integron classes, and 4 (23.5%)
did not have either of the integron classes (Table 2). Within
the plasmid negative isolates, 14 (42.4%) had no integrons,
10 (30.3%) carried integron 2, five (15.2%) harbored inte-
gron 1 and interestingly, four (12.1%) carried both integron
classes (Table 2, Figure 1). There was a significant associa-
tion between plasmid carriage and presence of class 1 inte-
gron (P = 0.03), but no association was observed between
class 2 integron and plasmid carriage (P > 0.05). These
results suggest that class 1 integron was largely plasmid-
mediated in our isolates. On the other hand, class 2 inte-
gron was not associated with plasmid carriage.
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Figure 1. Distribution of Integrons Among Plasmid-Positive and Plasmid-Negative
Isolates of Acinetobacter baumannii

5. Discussion

In this study, all 50 A. baumannii clinical isolates were
extensively drug-resistant. Integron carriage was observed
in 32 isolates (64%) among which, 34% carried plasmids
with molecular sizes of > 20 kbp. The rate of class 2 inte-
gron carriage was higher than the rate of class 1 integron
and there was a correlation between the presence of class
1 (but not class 2) integron and plasmid carriage. Accord-
ing to the European Committee on Antimicrobial Suscep-
tibility Testing (EUCAST) and the United States Food and
Drug Administration (FDA), the criteria for defining XDR in
Acinetobacter spp. are non-susceptibility to > 1 agent in all
but < 2 categories of the 17 suggested antimicrobial agents
(18). We found that all our isolates were XDR. Other Iranian
studies have reported XDR rates from 24.4% to 100% (19-22).
In addition, a more recent study carried out on 105 A. bau-
mannii isolates showed that all were multidrug resistant
and 71.4% were XDR (23). A multi-hospital study performed
in Iran over a three-year period from 2011 to 2013 has also
shown that 91.3% of A. baumannii isolates were XDR (24).

The worldwide presence of class 1 and 2 integrons in
clinical isolates of A. baumannii indicates the prevalence of
class 1 integron compared to class 2 integron carriage (25-
29). An Iranian study by Goudarzi et al. has also shown
the prevalence of class 1 integron (74.1%) over class 2 inte-
gron (12.5%) in clinical isolates of A. baumannii where the
XDR rate was 62.5% (30). However, in this research, like
some other studies from Iran, higher rates for class 2 inte-
gron were observed compared to class 1 integron carriage
in clinical isolates of A. baumannii (31, 32).

The association of class 1 integrons with resistance to a
number of antibiotics has been shown among multidrug-
resistant pathogens. Nemec et al. reported that class 1
integron was associated with aminoglycoside resistance
among pan-European A. baumannii clones (8). Chen et
al. found an association between class 1 integrons and
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Table 2. Distribution of Plasmid-Mediated Integron Classes 1 and 2 in XDR Clinical Isolates of Acinetobacter baumannii

Number of isolates Number of Isolates (%) Harboring Integron

Class 1 Class 2 Class 1 + 2 No Integron

Plasmid positive (17) 6 (35.4) 3 (17.6) 4 (23.5) 4 (23.5)

Plasmid negative (33) 5 (15.2) 10 (33.3) 4 (12.1) 14 (42.4)

Total (50) 11 (22) 13 (26) 8 (16) 18 (36)

resistance to multiple antibiotics in MDR isolates of A.
baumannii (26). Among the reports from Iran, Mirne-
jad et al. showed a significant correlation between inte-
gron carriage and resistance to quinolones, new genera-
tion cephalosporins, aztreonam, and amikacin (32). On
the other hand, Rastegar-Lari and coworkers did not find
any correlation between class 1 integron carriage and an-
tibiotic resistance in burn isolates of MDR A. baumannii
(33). We also could not find any correlation between in-
tegron carriage and resistance to a specific antibiotic due
to the high rates of antibiotic resistance. A recent study
by Ramirez et al. showed a class 2 integron in A. bauman-
nii carrying a carbenicillin-resistance gene (blaCARB-4) to-
gether with 6 additional resistance determinants compris-
ing four families of antibiotics (34). Few reports have
been documented concerning the association between
plasmids and integron carriage in A. baumanni. Koeleman
et al. found no correlation between plasmid carriage and
presence of integrons (35). On the other hand, a study from
Poland showed that the class 1 integrase gene was located
on a 60 kbp plasmid in an A. calcoaceticus-baumannii com-
plex isolate (28). Our PCR experiments employing both to-
tal DNA extracts from A. baumannii isolates and isolated
plasmid templates showed a significant association be-
tween the presence of a > 20 kbp plasmid and class 1 in-
tegron carriage. However, class 2 integron was not associ-
ated with plasmids and therefore, it most probably would
be located on the bacterial chromosome. Carriage of class
1 integrons by plasmids shows the important role of these
mobile genetic elements in the dissemination of drug re-
sistance in A. baumannii.

Acknowledgments

The authors wish to thank the Imam Hossein hospital
staff for providing the bacterial isolates.

Footnotes

Financial Disclosure: The authors have no financial inter-
ests related to the material in the manuscript.
Funding/Support: This research was financed through a
special grant by the Shahid Beheshti University Research
Council.

References

1. Peleg AY, Seifert H, Paterson DL. Acinetobacter baumannii: emer-
gence of a successful pathogen. Clin Microbiol Rev. 2008;21(3):538–82.
doi: 10.1128/CMR.00058-07. [PubMed: 18625687].

2. Towner KJ. Acinetobacter: an old friend, but a new enemy. J Hosp
Infect. 2009;73(4):355–63. doi: 10.1016/j.jhin.2009.03.032. [PubMed:
19700220].

3. Livermore DM, Hope R, Brick G, Lillie M, Reynolds R, Bsac Work-
ing Parties on Resistance Surveillance . Non-susceptibility trends
among Pseudomonas aeruginosa and other non-fermentative
Gram-negative bacteria from bacteraemias in the UK and Ireland,
2001-06. J Antimicrob Chemother. 2008;62 Suppl 2:ii55–63. doi:
10.1093/jac/dkn352. [PubMed: 18819980].

4. Manchanda V, Sanchaita S, Singh N. Multidrug resistant acinetobac-
ter. J Glob Infect Dis. 2010;2(3):291–304. doi: 10.4103/0974-777X.68538.
[PubMed: 20927292].

5. Morgan DJ, Weisenberg SA, Augenbraun MH, Calfee DP, Currie BP, Fu-
ruya EY, et al. Multidrug-resistant Acinetobacter baumannii in New
York City - 10 years into the epidemic. Infect Control Hosp Epidemiol.
2009;30(2):196–7. doi: 10.1086/593207. [PubMed: 19146464].

6. Rowe-Magnus DA, Mazel D. The role of integrons in antibiotic re-
sistance gene capture. Int J Med Microbiol. 2002;292(2):115–25. doi:
10.1078/1438-4221-00197. [PubMed: 12195734].

7. Fluit AC, Schmitz FJ. Class 1 integrons, gene cassettes, mobility, and
epidemiology. Eur J Clin Microbiol Infect Dis. 1999;18(11):761–70. doi:
10.1007/s100960050398. [PubMed: 10614949].

8. Nemec A, Dolzani L, Brisse S, van den Broek P, Dijkshoorn L. Di-
versity of aminoglycoside-resistance genes and their association
with class 1 integrons among strains of pan-European Acinetobac-
ter baumannii clones. J Med Microbiol. 2004;53(Pt 12):1233–40. doi:
10.1099/jmm.0.45716-0. [PubMed: 15585503].

9. Zhao WH, Hu ZQ. IMP-type metallo-beta-lactamases in Gram-negative
bacilli: distribution, phylogeny, and association with integrons. Crit
Rev Microbiol. 2011;37(3):214–26. doi: 10.3109/1040841X.2011.559944.
[PubMed: 21707466].

10. Bonnin RA, Nordmann P, Potron A, Lecuyer H, Zahar JR, Poirel
L. Carbapenem-hydrolyzing GES-type extended-spectrum beta-
lactamase in Acinetobacter baumannii. Antimicrob Agents Chemother.
2011;55(1):349–54. doi: 10.1128/AAC.00773-10. [PubMed: 20956589].

11. Navia MM, Ruiz J, Vila J. Characterization of an integron carrying
a new class D beta-lactamase (OXA-37) in Acinetobacter baumannii.
Microb Drug Resist. 2002;8(4):261–5. doi: 10.1089/10766290260469516.
[PubMed: 12523622].

12. Ramirez MS, Bello H, Gonzalez Rocha G, Marquez C, Centron D.
Tn7::In2-8 dispersion in multidrug resistant isolates of Acinetobac-
ter baumannii from Chile. Rev Argent Microbiol. 2010;42(2):138–40. doi:
10.1590/S0325-75412010000200015. [PubMed: 20589338].

13. Constantiniu S, Romaniuc A, Iancu LS, Filimon R, Tara̧si, I . Cultural
and biochemical characteristics of Acinetobacter spp. strains isolated
from hospital units. J Prev Med. 2004;12(3-4):35–42.

4 Arch Clin Infect Dis. 2018; 13(1):e57813.

http://dx.doi.org/10.1128/CMR.00058-07
http://www.ncbi.nlm.nih.gov/pubmed/18625687
http://dx.doi.org/10.1016/j.jhin.2009.03.032
http://www.ncbi.nlm.nih.gov/pubmed/19700220
http://dx.doi.org/10.1093/jac/dkn352
http://www.ncbi.nlm.nih.gov/pubmed/18819980
http://dx.doi.org/10.4103/0974-777X.68538
http://www.ncbi.nlm.nih.gov/pubmed/20927292
http://dx.doi.org/10.1086/593207
http://www.ncbi.nlm.nih.gov/pubmed/19146464
http://dx.doi.org/10.1078/1438-4221-00197
http://www.ncbi.nlm.nih.gov/pubmed/12195734
http://dx.doi.org/10.1007/s100960050398
http://www.ncbi.nlm.nih.gov/pubmed/10614949
http://dx.doi.org/10.1099/jmm.0.45716-0
http://www.ncbi.nlm.nih.gov/pubmed/15585503
http://dx.doi.org/10.3109/1040841X.2011.559944
http://www.ncbi.nlm.nih.gov/pubmed/21707466
http://dx.doi.org/10.1128/AAC.00773-10
http://www.ncbi.nlm.nih.gov/pubmed/20956589
http://dx.doi.org/10.1089/10766290260469516
http://www.ncbi.nlm.nih.gov/pubmed/12523622
http://dx.doi.org/10.1590/S0325-75412010000200015
http://www.ncbi.nlm.nih.gov/pubmed/20589338
http://archcid.com


Eftekhar F et al.

14. Woodford N, Ellington MJ, Coelho JM, Turton JF, Ward ME, Brown S,
et al. Multiplex PCR for genes encoding prevalent OXA carbapene-
mases in Acinetobacter spp. Int J Antimicrob Agents. 2006;27(4):351–3.
doi: 10.1016/j.ijantimicag.2006.01.004. [PubMed: 16564159].

15. Lee K, Lim JB, Yum JH, Yong D, Chong Y, Kim JM, et al. bla(VIM-
2) cassette-containing novel integrons in metallo-beta-lactamase-
producing Pseudomonas aeruginosa and Pseudomonas putida iso-
lates disseminated in a Korean hospital. Antimicrob Agents Chemother.
2002;46(4):1053–8. [PubMed: 11897589].

16. Su J, Shi L, Yang L, Xiao Z, Li X, Yamasaki S. Analysis of integrons in clin-
ical isolates of Escherichia coli in China during the last six years. FEMS
Microbiol Lett. 2006;254(1):75–80. doi: 10.1111/j.1574-6968.2005.00025.x.
[PubMed: 16451182].

17. CLSI . Performance Standards for Antimicrobial Disk Suseptibility Test; Ap-
proved Standard. 12th ed. CLSI Document; 2015. p. 29–50.

18. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME,
Giske CG, et al. Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert proposal for in-
terim standard definitions for acquired resistance. Clin Microbiol In-
fect. 2012;18(3):268–81. doi: 10.1111/j.1469-0691.2011.03570.x. [PubMed:
21793988].

19. Japoni-Nejad A, Sofian M, Belkum A, Ghaznavi-Rad E. Nosocomial out-
break of extensively and pan drug-resistant acinetobacter bauman-
nii in tertiary hospital in central Part of Iran. Jundishapur J Microbiol.
2013;6(8). doi: 10.5812/jjm.9892.

20. Najar Peerayeh S, Karmostaji A. Molecular Identification of Re-
sistance Determinants, Integrons and Genetic Relatedness of Ex-
tensively Drug Resistant Acinetobacter baumannii Isolated From
Hospitals in Tehran, Iran. Jundishapur J Microbiol. 2015;8(7). doi:
10.5812/jjm.27021v2.

21. Goudarzi H, Douraghi M, Ghalavand Z, Goudarzi M. Assessment of an-
tibiotic resistance pattern in Acinetobacter bumannii carrying bla
oxA type genes isolated from hospitalized patients. Novelty Biomed.
2013;1(2):54–61.

22. Fazeli H, Taraghian A, Kamali R, Poursina F, Esfahani BN, Moghim
S. Molecular identification and antimicrobial resistance profile of
acinetobacter baumannii isolated from nosocomial infections of
a teaching hospital in Isfahan, Iran. Avicenna J Clin Microb Infec.
2014;1(2). doi: 10.17795/ajcmi-21489.

23. Goudarzi M, Azimi H. Dissemination of classes 1, 2, and 3 integrons in
acinetobacter baumannii strains recovered from intensive care units
using polymerase chain reaction-restriction fragment length poly-
morphism. Jundishapur J Microbiol. 2017;10(5). doi: 10.5812/jjm.13100.

24. Jasemi S, Douraghi M, Adibhesami H, Zeraati H, Rahbar M,
Boroumand MA, et al. Trend of extensively drug-resistant Acine-
tobacter baumannii and the remaining therapeutic options: a
multicenter study in Tehran, Iran over a 3-year period. Lett Appl Micro-
biol. 2016;63(6):466–72. doi: 10.1111/lam.12669. [PubMed: 27626896].

25. Lee YT, Huang LY, Chen TL, Siu LK, Fung CP, Cho WL, et al. Gene

cassette arrays, antibiotic susceptibilities, and clinical characteris-
tics of Acinetobacter baumannii bacteremic strains harboring class
1 integrons. J Microbiol Immunol Infect. 2009;42(3):210–9. [PubMed:
19812854].

26. Chen J, Li H, Yang J, Zhan R, Chen A, Yan Y. Prevalence and Character-
ization of Integrons in Multidrug Resistant Acinetobacter bauman-
nii in Eastern China: A Multiple-Hospital Study. Int J Environ Res Public
Health. 2015;12(8):10093–105. doi: 10.3390/ijerph120810093. [PubMed:
26308028].

27. Taherikalani M, Maleki A, Sadeghifard N, Mohammadzadeh D,
Soroush S, Asadollahi P, et al. Dissemination of class 1, 2 and 3 inte-
grons among different multidrug resistant isolates of Acinetobacter
baumannii in Tehran hospitals, Iran. Pol J Microbiol. 2011;60(2):169–74.
[PubMed: 21905636].

28. Koczura R, Przyszlakowska B, Mokracka J, Kaznowski A. Class
1 integrons and antibiotic resistance of clinical Acinetobacter
calcoaceticus-baumannii complex in Poznan, Poland. Curr Micro-
biol. 2014;69(3):258–62. doi: 10.1007/s00284-014-0581-0. [PubMed:
24740302].

29. Huang C, Long Q, Qian K, Fu T, Zhang Z, Liao P, et al. Resistance and
integron characterization of Acinetobacter baumannii in a teaching
hospital in Chongqing, China. New Microbes New Infect. 2015;8:103–8.
doi: 10.1016/j.nmni.2015.09.015. [PubMed: 26649184].

30. Goudarzi H, Azad M, Seyedjavadi SS, Azimi H, Salimi Chirani A, Fal-
lah Omrani V, et al. Characterization of integrons and associated gene
cassettes in Acinetobacter baumannii strains isolated from intensive
care unit in Tehran, Iran. Journal of Acute Disease. 2016;5(5):386–92. doi:
10.1016/j.joad.2016.08.004.

31. Kamalbeik S, Kouchek M, Baseri Salehi M, Fallah F, Malekan MA, Talaie
H. Prevalence of class 2 integrons in multidrug-resistant acinetobac-
ter Baumannii in toxicological ICU patients in Tehran. Iran J Toxicol.
2013;7(22):900–6.

32. Mirnejad R, Mostofi S, Masjedian F. Antibiotic resistance and carriage
class 1 and 2 integrons in clinical isolates of Acinetobacter bauman-
nii from Tehran, Iran. Asian Pac J Trop Biomed. 2013;3(2):140–5. doi:
10.1016/S2221-1691(13)60038-6. [PubMed: 23593593].

33. Rastegar-Lari A, Mohammadi-Barzelighi H, Arjomandzadegan M, Nos-
rati R, Owlia P. Distribution of class I integron among isolates of
Acinetobacter baumannii recoverd from burn patients. J Med Bacte-
riol. 2015;2(1-2):1–11.

34. Ramirez MS, Pineiro S, Argentinian Integron Study G, Centron D.
Novel insights about class 2 integrons from experimental and ge-
nomic epidemiology. Antimicrob Agents Chemother. 2010;54(2):699–
706. doi: 10.1128/AAC.01392-08. [PubMed: 19917745].

35. Koeleman JG, Stoof J, Van Der Bijl MW, Vandenbroucke-Grauls CM,
Savelkoul PH. Identification of epidemic strains of Acinetobacter bau-
mannii by integrase gene PCR. J Clin Microbiol. 2001;39(1):8–13. doi:
10.1128/JCM.39.1.8-13.2001. [PubMed: 11136740].

Arch Clin Infect Dis. 2018; 13(1):e57813. 5

http://dx.doi.org/10.1016/j.ijantimicag.2006.01.004
http://www.ncbi.nlm.nih.gov/pubmed/16564159
http://www.ncbi.nlm.nih.gov/pubmed/11897589
http://dx.doi.org/10.1111/j.1574-6968.2005.00025.x
http://www.ncbi.nlm.nih.gov/pubmed/16451182
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/21793988
http://dx.doi.org/10.5812/jjm.9892
http://dx.doi.org/10.5812/jjm.27021v2
http://dx.doi.org/10.17795/ajcmi-21489
http://dx.doi.org/10.5812/jjm.13100
http://dx.doi.org/10.1111/lam.12669
http://www.ncbi.nlm.nih.gov/pubmed/27626896
http://www.ncbi.nlm.nih.gov/pubmed/19812854
http://dx.doi.org/10.3390/ijerph120810093
http://www.ncbi.nlm.nih.gov/pubmed/26308028
http://www.ncbi.nlm.nih.gov/pubmed/21905636
http://dx.doi.org/10.1007/s00284-014-0581-0
http://www.ncbi.nlm.nih.gov/pubmed/24740302
http://dx.doi.org/10.1016/j.nmni.2015.09.015
http://www.ncbi.nlm.nih.gov/pubmed/26649184
http://dx.doi.org/10.1016/j.joad.2016.08.004
http://dx.doi.org/10.1016/S2221-1691(13)60038-6
http://www.ncbi.nlm.nih.gov/pubmed/23593593
http://dx.doi.org/10.1128/AAC.01392-08
http://www.ncbi.nlm.nih.gov/pubmed/19917745
http://dx.doi.org/10.1128/JCM.39.1.8-13.2001
http://www.ncbi.nlm.nih.gov/pubmed/11136740
http://archcid.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Bacterial Isolates
	3.2. Molecular Identification of A. baumannii
	Table 1

	3.3. Antibacterial Susceptibility
	3.4. Detection of Class 1 and 2 Integrons
	3.5. Statistical Analyses

	4. Results
	Table 2
	Figure 1

	5. Discussion
	Acknowledgments
	Footnotes
	Financial Disclosure
	Funding/Support

	References

