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Abstract:
Background: Acinetobacter baumannii is an 

opportunistic pathogen associated with nosocomial 

infections. Extensive use of quinolones has resulted in 

an increase of resistance in this organism worldwide. 

Aim and Objectives: To study the association between 

PMQR genes, integron carriage as well as the possible 

role of AdeABC efflux pump in ciprofloxacin-

resistance as well as multidrug resistance in clinical 

isolates of A. baumannii. We studied the presence of 

Plasmid-Mediated-Quinolone Resistance (PMQR); 

AdeABC efflux pump genes and integron carriage in 

Intensive Care Unit (ICU) isolates of A. baumannii. 

Material and Methods: Fifty six non-duplicate clinical 

isolates of A. baumannii were obtained from two 
th thhospital ICUs in Tehran from March 5  2014 to July 20  

2015. Susceptibility to 10 antibiotics was determined 

by disc diffusion. Presence of PMQR (aac(6')-Ib-cr, 

qnrA, qnrB, qnrC, qnrD and qnrS), adeABC efflux and 

class I and II integron genes were detected by 

Polymerase Chain Reaction (PCR). Results: All 

isolates were Multidrug-Resistant (MDR) among 

which, qnrB and aac(6')-Ib-cr were detected in 7.1% 

and 26.8% of the isolates, respectively. However, qnrA, 

qnrC, qnrD and qnrS were not observed. Presence of 

adeA and adeB was observed in 100% and adeC in 

73.2% of the isolates. Overall, integron carriage was 

observed in (94.6%) of the isolates including qnrB 

positive and 73.3% of the aac(6')-Ib-cr carrying 

isolates. Conclusion: Our results show that quinolone-

resistance is not associated with PMQR genes. On the 

other hand, the AdeABC efflux pump is clearly 

responsible for MDR in our A. baumannii isolates 

including resistance to quinolones. No association was 

found between PMQR and integron carriage.

Keywords: Acinetobacter baumannii, Quinolone, 

Nosocomial Infections, Integron

Introduction:

Acinetobacter baumannii is an opportunistic 

pathogen associated with nosocomial infections, 

especially among patients admitted to Intensive 

Care Unit (ICU). The bacterium is capable of 

causing various infections including; urinary tract, 

wound, skin and soft tissue infections, pneumonia 

and meningitis [1, 2]. Over the past few years, the 

extensive use of quinolones and fluoroquinolones 

in humans has resulted in an increase of resistance 

to these agents worldwide [3]. Quinolone 

resistance mechanisms in A. baumannii include 

chromosomal mutations in DNA gyrase 

(gyrA/gyrB), topoisomerase IV (parC/parE), and 

Plasmid-Mediated Quinolone Resistance 

(PMQR) [3-5]. PMQR determinants include qnr 

genes which encode pentapeptide repeat proteins 

QnrA, QnrB, QnrS, QnrC, and QnrD which 

protect DNA gyrase and topoisomarase IV from 

fluoroquinolones [4-6]. In addition, other 

fluoroquinolone resistance mechanisms involve 

enzymatic modification of fluoroquinolones by 

the aminoglycoside acetyltransferase, Aac(6')-Ib-

cr (capable of reducing the activity of Norfloxacin 
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and Ciprofloxacin), and efflux pump-mediated 

resistance by QepA and OqxAB [7, 8]. 

Furthermore, the AdeABC efflux pump from the 

RND family of efflux pumps is reported to be a 

major factor in Multidrug Resistance (MDR) in A. 

baumannii [9]. The AdeABC consists of an adeA 

gene encoded membrane fusion protein, an adeB-

encoding membrane protein and an adeC-

encoding outer membrane protein [10]. The 

adeABC operon is found in 81% of A. baumannii 

strains and its overexpression is thought to be 

responsible for MDR in this organism [11]. 

AdeABC efflux pump was shown to be 

responsible for decreased susceptibility to a broad 

spectrum of antibiotics including some β-lactams, 

aminoglycosides, tetracyclines, erythromycin, 

chloramphenicol, trimethoprim and fluoro-

quinolones [10]. In addition, problems arise when 

antibiotic resistance genes are located on genetic 

elements such as integrons. Presence of integrons 

on plasmids often facilitates their horizontal 

transmission [12]. Among the antibiotic resistance 

integrons, classes I and II are most frequently 

found in Gram-negative pathogens including 

MDR isolates of A. baumannii [13-16]. The aim of 

this research was to study the association between 

PMQR genes, integron carriage as well as the 

possible role of AdeABC efflux pump in 

Ciprofloxacin-resistance as well as multidrug 

resistance in clinical isolates of A. baumannii.

Material and Methods: 

Bacterial Isolates:

Fifty six MDR isolates of A. baumannii were 

employed. The test isolates were collected from 

Imam Hossein (n=38) and Ebnesina (n=18) 
th thhospitals in Tehran from March 5  2014 to July 20  

2015 based on their resistance to multiple 

antibiotic classes. Among these, 46 were from 

sputum specimens, three were from urine, three 

from wound, two from catheters and two from 

blood. Bacteria were identified using standard 

biochemical tests as well as the presence of the 

bla  gene intrinsic in A. baumannii. The OXA-51

isolates were stored at -20°C in brain heart 

infusion broth containing 8% dimethyl sulfoxide 

(v/v) until use.

Antibiotic Susceptibility Testing:

Antibiotic susceptibility profiles of the test 

isolates were confirmed against 10 antibiotics, 

performed by disc diffusion according to the 2017 

CLSI Guidelines using commercially available 

discs (Mast, UK) including: cefepime (30 μg), 

cefotaxime (10 μg), amikacin (10 μg), gentamicin 

(30 μg) ciprofloxacin (5 μg), piperacillin (100 μg), 

piperacillin-tazobactam (110 μg), imipenem (10 

μg), meropenem (10 μg) and aztreonam (30 μg) 

[17].

DNA extraction and Polymerase Chain 

Reaction (PCR) amplification of bla  gene:oxa-51

DNA extraction was carried out using the 

phenol:chloroform method [18]. The DNA was 

then stored at -20 °C before use. Detection of 

bla gene was carried out using primer: 5'-oxa-51 

TAATGCTTTGATCGGCCTTG-3' (forward), 

and 5'-TGGATTGCACTTCATCTTGG-3' 

(reverse), resulting in an amplification product of 

353 bps [13]. PCR reaction mixtures (25 μL) 

contained 1 μL of DNA template, 1.4 mM MgCl , 2

0.2 mM each dNTP, 0.4 μM primer, and 0.6 U of 

Taq DNA polymerase in the buffer provided by 

the manufacturer (CinnaGen, Tehran, Iran). The 

amplifications were performed in a Peltier 
+

thermocycler (MG25 , Long Gene Scientific 
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Instruments, China) using the following program: 

initial denaturation at 94°C for 5 min, 30 cycles of 

94°C for 25 sec, 52°C for 40 sec and 72°C for 50 

sec, followed by a final elongation step at 72°C for 

6 minutes. PCR products were separated on 1% 

agarose gels and visualized after staining with 

RedSafe (iNtRON Biotechnology, Korea) using 

an image analysis system (UVLtec; St John's 

Innovation Centre, UK). Detection of adeA, adeB, 

adeC, intI and intII genes was carried out using the 

primers listed in Table 1 [19-25]. PCR reaction 

mixtures employed were the same as those used 

for PMQR genes except that 1 μL of template 

DNA was used. Gene amplification was carried 

out using conditions presented in Table 2. 

Table 1: Primers Used for Amplification of Quinolone-Resistance Genes

Gene Primer Sequence (5' → 3') Product 
Length, bp

Reference

qnrA Forward
Reverse

TTCTCACGCCAGGATTTGAG
TGCCAGGCACAGATCTTGAC

571 19

qnrB Forward
Reverse

GATCGTGAAAGCCAGAAAGG
ACGATGCCTGGTAGTTGTCC

469 20

qnrS Forward
Reverse

GACGTGCTAACTTGCGTGAT
AACACCTCGACTTAAGTCTGA

388 19

qnrC Forward
Reverse

GGGTTGTACATTTATTGAATCG
CACCTACCCATTTATTTTCA

307 21

qnrD Forward
Reverse

CGAGATCAATTTACGGGGAATA
AACAAGCTGAAGCGCCTG

540 22

aac(6')-Ib-cr Forward
Reverse

TTGCGATGCTCTATGAGTGGCTA
CTCGAATGCCTGGCGTGTTT

482 23

adeA Forward
Reverse

ATCTTCCTGCACGTGTACAT 
GGCGTTCATACTCACTAACC

513 24

adeB Forward
Reverse

TTAACGATAGCGTTGTAACC 
TGAGCAGACAATGGAATAGT

541 24

adeC Forward
Reverse

TACGGACTGCTACGCTTAAT 
AACAGGATGACCTGCTAACA

527 24

intI Forward
Reverse

ACGAGCGCAAGGTTTCGGT
GAAAGGTCTGGTCATACATG

565 25

intII Forward
Reverse

GTGCAACGCATTTTGCAGG
CAACGGAGTCATGCAGATG

403 25
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Results:

Among the 56 ICU clinical isolates of A. 

baumannii, 46 (82.2%) were from sputum 

specimens, three (5.3%) from wound, three 

(5.3%) from urine, two (3.6%) from blood and 

two (3.6%) were recovered from catheters. The 

identification of all isolates was confirmed by 

both biochemical tests as well as the presence of 

bla gene. Antibiotic resistance results showed OXA51  

that 100% of the isolates were resistant to 

cefepime, cefotaxime, piperacillin, piperacillin-

tazobactam, imipenem, meropenem, aztreonam, 

amikacin and ciprofloxacin. Resistance to 

gentamicin was detected in 51 isolates (91.1%). 

These results show that regardless of the source, 

all isolates were multidrug-resistant (MDR). 

Fig. 1 is representative image of PCR amplification 

results for PMQR genes, as well as adeABC, intI 

and intII genes. Among PMQR genes, 4/56 isolates 

(7.1%) had the qnrB and 15/56 (26.8%) carried the 

aac(6')-Ib-cr gene. One isolate carried both 

aac(6')-Ib-cr and qnrB gene. The majority of the 

aac(6')-Ib-cr harboring isolates (12/15, 80%) were 

from Imam Hossein ICU patients and the three 

remaining isolates were from Ebnesina Hospital. 

Other PMQR genes (qnrA, qnrC, qnrD and qnrS) 

were not observed. On the other hand, efflux pump 

genes adeA, adeB were present in all isolates 

(100%) and the adeC was detected in 41/56 isolates 

(73.2%). 

Gene

PCR conditions

Initial 
Denaturation

Denaturation Annealing Extension Final 
Extension

No. 
cycles

qnrA 94°C, 5 m 94°C, 1 m 57°C, 1 m 72°C, 1m 72°C, 10 m 30

qnrB 94°C, 5 m 94°C, 1 m 53°C, 45s 72°C, 1m 72°C, 10 m 35

qnrS 94°C, 5 m 94°C, 1 m 57°C, 1m 72°C, 1m 72°C, 10 m 30

qnrC 94°C, 5 m 94°C, 1 m 55°C, 1m 72°C, 1m 72°C, 10 m 35

qnrD 94°C, 5 m 94°C, 1 m 48°C, 1m 72°C, 1m 72°C, 10m 35

aac(6')-Ib-cr 94°C, 5 m 94°C, 1 m 54°C, 1m 72°C, 1m 72°C, 10m 30

adeA 94°C, 5m 94°C, 1 m 56°C, 1 m 72°C, 1m 72°C, 7 m 30

adeB 94°C, 5m 94°C, 1 m 56°C, 1 m 72°C, 1m 72°C, 7 m 30

adeC 94°C, 5m 94°C, 1 m 56°C, 1 m 72°C, 1m 72°C, 7 m 30

intI 95°C, 5m 94°C, 1 m 54°C, 1m 72°C, 1m 72°C, 10 m 30

intII 95°C, 5m 94°C, 30 s 52°C, 30 s 72°C, 2m 72°C, 7 m 30

Table 2: Programs Used for Amplification of PMQR, adeABC, intI and intII Genes in Clinical 
Isolates of A. baumannii



 Journal of Krishna Institute of Medical Sciences University 26ÓÓ

JKIMSU, Vol. 8, No. 1, January-March 2019 Mahdi Choori et al.

qnrB

aa
c(

6'
)I

b-c
r

ad
eA

ad
eB

ad
eC in

tI
in

tI
I

0

50

100

150

gene

%
 g

en
e 

ca
rr

ia
g

e

Fig. 1: PCR Amplification Products of [A] aac(6')-Ib-cr (482 bp); [B] qnrB (469 bp); [C] adeA (513 
bp); [D] adeB (541 bp); [E] adeC (527 bp); [F] int1 (565 bp); [G] int2 (403 bp) Genes in a 
Number of Acinetobacter baumannii isolates.  [L] 100bp DNA Ladder, Positive Controls are 
shown in Lane 1 of all Gels

Fig. 2: Distribution of PMQR, adeABC and Integron Genes in Clinical Isolates of A. baumannii
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Integron carriage was observed in 53 isolates 

(94.6%) of which 27 (50.9%) had class I and 26 

(49.1%) harbored class II integron. Among these, 

11 (20.7%) carried both integron classes. All qnrB 

positive isolates and the majority of the aac(6')-

Ib-cr harboring isolates (11/15, 73.3%) carried 

integrons. There was no association between 

PMQR gene carriage with ciprofloxacin 

resistance or integron class type. However, 

integron carrige was significantly associated with 

the presence of the AdeABC efflux pump in our 

MDR A. baumannii isolates. Overall, the results 

of the present research show that along with the 

other tested antibiotics, ciprofloxacin resistance 

in our 56 MDR A. baumannii isolates was due to 

the presence of the AdeABC efflux pump and not 

the qnr genes Fig. 2 represents the overall 

distribution of quinolone-resistance, adeABC and 

integron genes in our MDR clinical isolates of A. 

baumannii. 

Discussion:

Quinolones are among the antibiotic agents which 

are frequently employed for treatment of Gram-

negative related bacterial infections. In this study, 

we investigated the presence of PMQR genes, the 

AdeABC efflux pump and integron carriage in 56 

clinical isolates of A. baumannii. Of the six 

PMQR genes studied, qnrB and aac(6')-Ib-cr 

genes were found in 7.1% and 26.8% of isolates, 

respectively. The other qnr genes were not 

observed in any of the isolates. Two studies from 

China have reported the presence of qnrB in 8.1% 

and 7.7% of A. baumannii clinical isolates in 2014 

and 2016, respectively [26, 27]. Similar to our 

results, they also showed that the other PMQR 

genes (qnrA, qnrC, qnrD, qepA and oqxAB) were 

not found in their test isolates. The frequency of 

aac(6')-Ib-cr gene carriage in our clinical isolates 

of A. baumannii was 26.8%. Yang et al. reported 

that the aac(6')-Ib gene was found in 56.4% of A. 

baumannii clinical isolates in China in 2015 [27] 

Khorsi et al., showed that the rate of the aac(6')-Ib 

gene carriage was 31.5% in Algeria [28]. Overall, 

the low frequency of PMQR gene carriage in the 

present study as well as the other reports, suggest 

that PMQR genes may not play a key role in 

quinolone resistance in A. baumannii. 

Another important mechanism of antibiotic 

resistance in Gram-negative pathogens is the 

AdeABC efflux pump which has been shown to 

have a role in resistance to multiple antibiotics 

including quinolones [13]. In this study, the 

AdeABC efflux pump genes, adeA, adeB were 

found in all isolates whereas adeC was present in 

73.2% of the isolates. Modersi et al. (2008) 

showed the presence of adeA (92%), adeB (61.5%) 

and adeC (84.6%) in 65 MDR A. baumannii ICU 

isolates [29]. Gholami et al. (2013) showed that the 

frequency of adeA, adeB and adeC genes was 

60%, 100%, and 85% in Iranian isolates of A. 

baumannii, respectively [30]. Japoni-Nejad et al. 

(2014) also showed that 100% of their MDR A. 

baumannii isolates carried adeA, adeB genes and 

96.5% harbored adeC [31]. Wong et al. (2009) 

showed that 92.3% of carbapenem-resistant A. 

baumannii carried adeA; adeB and 18.9% had 

adeC [32]. In a study from Iraq, Jassim et al. 

(2015) reported that 77.4%, 100% and 83.3% of 

MDR A. baumannii isolates carried adeA, adeB 

and adeC genes, respectively [33]. Majority of the 

studies report a lower frequency of the adeC gene 

in clinical isolates of A. baumannii compared to 

adeA and adeB. In a comprehensive study, 

Marchand et al. reported that the AdeB and AdeA 

are essential for antibiotic resistance in A. 



 Journal of Krishna Institute of Medical Sciences University 28ÓÓ

JKIMSU, Vol. 8, No. 1, January-March 2019 Mahdi Choori et al.

baumannii. However, presence of the AdeC 

protein in the outer membrane is not essential and 

could be replaced by other outer membrane 

proteins [11]. 

In this research, integron carriage was detected in 

53 isolates (94.6%) which had similar rates of 

class I and class II integron carriege (n=27, 50.9% 

and n=26, 49.1%, respectively. In addition, 11 

(20.7%) carried both integron classes. A number 

of Iranian studies have shown the presence of 

class I and II integrons in clinical isolates of A. 

baumannii. Mirnejad et al. (2013) showed a 

higher frequency of class II integron carriage 

clinical isolates of A. baumannii [16]. However, 

the majority of the studies show a higher 

frequency of class 1 integron in MDR clinical 

isolates of A. baumannii [14, 30, 31, 34, 35]. 

Nourbakhsh et al. (2005) showed that the 

incidence of class I, II and III integrons as 100%, 

44% and 3%, in clinical isolates of A. baumannii, 

respectively [36]. Lin et al. showed an association 

between class 1 integron carriage and adeABC in 

MDR isolates of A. baumannii [24]. Similarly, we 

also found a strong association between integron 

carriage and adeABC efflux genes in our MDR A. 

baumannii isolates.

Conclusion: 

Our results showed that quinolone-resistance is 

not associated with PMQR genes. On the other 

hand, the AdeABC efflux pump was clearly 

responsible for MDR in our A. baumannii isolates 

including resistance to quinolones. No association 

was found between PMQR and integron carriage.

Acknowledgements

The authors wish to thank the Shahid Beheshti 

University Research Council (Tehran, Iran), for 

the financial support extended to this research.

References

1. Joly-Guillou ML. Clinical impact and pathogenicity of 
Acinetobacter. Clin Microbiol Infect 2005; 11(11): 
868-73.

2. Fournier PE, Richet H, Weinstein RA. The 
epidemiology and control of Acinetobacter baumannii 
in health care facilities. Clin Infect Dis 2006; 42(5): 
692-9.

3. Redgrave LS, Sutton SB, Webber MA, Piddock LJ. 
Fluoroquinolone resistance: mechanisms, impact on 
bacteria, and role in evolutionary success. Trends 
Microbiol 2014; 22(8): 438-45. 

4. Robicsek A, Jacoby GA, Hooper DC. The worldwide 
emergence of plasmid-mediated quinolone resistance. 
The Lancet Infect Dis 2006; 6(10): 629-40. 

5.  Strahilevitz J, Jacoby GA, Hooper DC, Robicsek A. 
Plasmid-mediated quinolone resistance: a multifaceted 
threat. Clin Microbiol Rev 2009; 22(4): 664-89.

6. Kim HB, Wang M, Park CH, Kim E-C, Jacoby GA, 
Hooper DC. oqxAB encoding a multidrug efflux pump 
in human clinical isolates of Enterobacteriaceae. 
Antimicrob Agent Chemother 2009; 53(8): 3582-4. 

7. Rodríguez-Martínez JM, Diaz de Alba P, Briales A, 
Machuca J, Lossa M, Fernández-Cuenca F, Pascual A. 
Contribution of OqxAB efflux pumps to quinolone 
resistance in extended-spectrum β-lactamase 
producing Klebsiella pneumoniae. J Antimicrob 
Chemother 2012; 68(1):68-73.

8. Robicsek A, Strahilevitz J, Jacoby GA, Macielag M, 
Abbanat D, Park CH, et al. Fluoroquinolone-
modifying enzyme: a new adaptation of a common 
aminoglycoside acetyltransferase. Nature Med 2006; 
12(1): 83.

9. Coyne S, Courvalin P, Périchon B. Efflux-mediated 
antibiotic resistance in Acinetobacter spp. Antimicrob 
Agent Chemother 2011; 55(3): 947-53.

10. Wieczorek P, SachaP, Hauschild T, Zórawski M, 
Krawczyk M, Tryniszewska E. Multidrug resistant 
Acinetobacter baumannii – the role of AdeABC (RND 
family) efflux pump in resistance to antibiotics. Folia 
Histochem Cytobiol 2008; 46(3): 257-67.



 Journal of Krishna Institute of Medical Sciences University 29ÓÓ

JKIMSU, Vol. 8, No. 1, January-March 2019 Mahdi Choori et al.

11. Marchand I, Damier-Piolle L, Courvalin P, Lambert T. 
Expression of the RND-type efflux pump AdeABC in 
Acinetobacter baumannii is regulated by the AdeRS 
two-component system. Antimicrob Agent Chemother 
2004; 48(9): 3298-304.

12. Fluit AC, Schmitz FJ. Resistance integrons and super-
integrons. Clin Microbiol Infect 2004; 10(4): 272-88.

13. Rowe-Magnus DA, Mazel D. The role of integrons in 
antibiotic resistance gene capture. Int J Med Microbiol 
2002; 292(2): 115-25.

14. Eftekhar F, Altayar F, Khodaei H. Plasmid-mediated 
class 1 and 2 integron carriage in drug-resistant 
nosocomial isolates of Acinetobacter baumannii. Arch 
Clin Infect Dis 2018; 13(1): e57813. 

15. Lee YT, Huang LY, Chen TL, Siu LK, Fung CP, Cho 
WL, et al. Gene cassette arrays, antibiotic 
susceptibilities, and clinical characteristics of 
Acinetobacter baumannii bacteremic strains harboring 
class 1 integrons. J Microbiol Immunol Infect 2009; 
42(3): 210-9.

16. Mirnejad R, Mostofi S, Masjedian, F. Antibiotic 
resistance and carriage class 1 and 2 integrons in clinical 
isolates of Acinetobacter baumannii from Tehran, Iran. 
Asian Pacific J Trop Biomed 2013; 3(2): 140-45.

17. Clinical and Laboratory Standards Institute. 
Performance standards for antimicrobial susceptibility 

thtesting. 27  informational supplement. M100-S17. 
CLSI document Wayne, PA. USA 2017.

18. Sambrook J, Russell DW. Purification of nucleic acids 
by extraction with phenol: chloroform. Cold Spring 
Harbor Protocols 2006 (1): pdb-prot4455.

19. Bouchakour M, Zerouali K, Gros Claude JD, Amarouch 
H, El Mdaghri N, Courvalin P, et al. Plasmid-mediated 
quinolone resistance in expanded spectrum beta 
lactamase producing Enterobacteriaceae in Morocco. J 
Infect Dev Ctries 2010; 4(12): 779-803.

20. Robicsek A, Strahilevitz J, Sahm DF, Jacoby GA, 
Hooper DC. qnr prevalence in ceftazidime-resistant 
Enterobacteriaceae isolates from the United States. 
Antimicrob Agens Chemother 2006; 50(8): 2872-4.

21. Kim HB, Park CH, Kim CJ, Kim EC, Jacoby GA, 
Hooper DC. Prevalence of plasmid-mediated 
quinolone resistance determinants over a 9-year period. 
Antimicrob agent Chemother 2009; 53(2): 639-45.

22. Cavaco LM, Hasman H, Xia S, Aarestrup FM. qnrD, a 
novel gene conferring transferable quinolone 
resistance in Salmonella enterica serovar Kentucky 
and Bovismorbificans strains of human origin. 
Antimicrob Agents Chemother 2009; 53(2): 603-8.

23. Park CH, Robicsek A, Jacoby GA, Sahm D, Hooper 
DC. Prevalence in the United States of aac(6′)-Ib-cr 
encoding a ciprofloxacin-modifying enzyme. 
Antimicrob Agent Chemother 2006; 50(11): 3953-5.

24. Lin L, Ling BD, Li XZ. Distribution of the multidrug 
efflux pump genes, adeABC, adeDE and adeIJK, and 
class 1 integron genes in multiple-antimicrobial-
resistant clinical isolates of Acinetobacter 
baumannii–Acinetobacter calcoaceticus complex. Int 
J Antimicrob Agents 2009; 33(1): 27-32.

25. Su J, Shi L, Yang L, Xiao Z, Li X, Yamasaki S. Analysis 
of integrons in clinical isolates of Escherichia coli in 
China during the last six years. FEMS Microbiol Lett 
2006; 254(1): 75-80.

26. Jiang X, Yu T, Jiang X, Zhang W, Zhang L, Ma J. 
Emergence of plasmid-mediated quinolone resistance 
genes in clinical isolates of Acinetobacter baumannii 
and Pseudomonas aeruginosa in Henan, China. Diag 
Microbiol Infect Dis 2014; 79(3): 381-3.

27. Yang H, Hu L, Liu Y, Ye Y, Li J. Detection of the 
plasmid-mediated quinolone resistance determinants 
in clinical isolates of Acinetobacter baumannii in 
China. J Chemother 2016; 28(5): 443-5.

28. Khorsi K, Messai Y, Hamidi M, Ammari H, Bakour R. 
High prevalence of multidrug-resistance in 
Acinetobacter baumannii and dissemination of 
carbapenemase-encoding genes bla -like, bla -OXA-23 OXA-24

like and bla in Algiers hospitals. Asian Pacific J NDM-1 

Trop Med 2015; 8(6): 438-46.
29. Modarresi F, Azizi O, Shakibaie MR, Motamedifar M, 

Valibeigi B, Mansouri S. Effect of iron on expression of 
efflux pump (adeABC) and quorum sensing (luxI, 
luxR) genes in clinical isolates of Acinetobacter 
baumannii. Apmis 2015; 123(11): 959-68.

30. Gholami M, Hashemi A, Hakemi-Vala M, Goudarzi H, 
Hallajzadeh M. Efflux pump inhibitor phenylalanine-
arginine Β-naphthylamide effect on the minimum 
inhibitory concentration of imipenem in Acinetobacter 
baumannii strains isolated from hospitalized patients 
in Shahid Motahari Burn Hospital, Tehran, Iran. 
Jundishapur J Microbiol 2015; 8(10): e19048.

31. Japoni Nejad AR, Sofian M, Ghaznavi-Rad E. 
Molecular detection of AdeABC efflux pump genes in 
clinical isolates of Acinetobacter baumannii and their 
contribution in imipenem resistance. Iran South Med J 
2014; 17(5): 815-23. Article in Persian.



 Journal of Krishna Institute of Medical Sciences University 30ÓÓ

JKIMSU, Vol. 8, No. 1, January-March 2019 Mahdi Choori et al.

32. Wong EW, Yusof MY, Mansor M, Anbazhagan D, Ong 
SY, Sekaran SD. Disruption of adeB gene has a greater 
effect on resistance to meropenems than adeA gene in 
Acinetobacter spp. isolated from University Malaya 
Medical Centre. Singapore Med J 2009; 50(8): 822-26.

33. Jassim KA, Ghaima KK, Saadedin SMK. AdeABC 
efflux pump genes in multidrug resistant Acinetobacter 
baumannii isolates. Avicenna J Clin Microbiol Infect 
2016; 3(4): e40898.

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

35. Moammadi F, Arabestani MR, Safari M, Roshanaii G, 
Alikhani MY. Prevalence of class1, 2 and 3 integrons 
among extensive drug resistance Acinetobacter 
baumanii strains isolated from intensive care units in 
Hamadan, West Province, Iran. Iran J Med Microbiol 
2014; 8(3): 8-14. (Article in Persian language).

36. Nourbakhsh F, Nourbakhsh V, Jafakesh MT. 
Prevalence of class I, II and III integrons in the 
antibiotic-resistant isolates of A. baumannii detected 
from patients hospitalized in medical centers of 
Shahrekord. Feyz J Kashan Univ Med Sci 2016; 20(5): 
461-8. (Article in Persian language).

*Author for Correspondence: Fereshteh Eftekhar, Department of Microbiology, Faculty of Life Sciences and Biotechnology, 

Shahid Beheshti University Tehran, Iran E-mail: f-eftekhar@sbu.ac.ir


