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Abstract

Background: The emergence of highly drug resistant Pseudomonas aeruginosa in burn wounds is becoming a challenging problem
for infection control programs. Today, it has been shown that antibiotic resistance in P. aeruginosa is the result of synergism between
membrane permeability and multidrug resistance (MDR) efflux pumps.

Objectives: The aim of this study was to investigate MDR and pan-drug resistance (PDR) in P. aeruginosa and detection of the presence of
efflux pump MexAB genes by the polymerase chain reaction (PCR) technique.

Materials and Methods: One-hundred and fifty P. aeruginosa were isolated from burn and wound infections. The isolates were confirmed
using conventional culture and biochemical tests. Antibiotic resistance was evaluated using agar disk diffusion and broth micro dilution
tests. For detection of efflux pump MexAB genes, the PCR technique with subsequent sequencing was used.

Results: In total, 99 strains (66%) were MDR and one strain (0.667%) was PDR as detected by traditional susceptibility tests. The MDR isolates
belonged to 53 burn (70.66%) and 46 wound (61.33%) infections. The PDR was only seen in one isolate from a burn strain (1.33%). The PCR
technique revealed that all the 99 MDR strains and one PDR strain, contained MexA and MexB genes, representing an exhibitive intrinsic
existence of these genes in MDR and PDR of P. aeruginosa.

Conclusions: This study represented an increasing rate of MDR P. aeruginosa in burn and wound samples. Efflux MexAB genes were
detected in all MDR and PDR strains. The P. aeruginosa strain isolated from burn cases showed higher drug resistance and PDR resistance
was only noted in a burn sample.
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1. Background

Pseudomonas bacteria are Gram-negative, ambulant,
aerobic, and viable bacteria, which normally form small
colonization in the intestine and the skin flora. Pseudo-
monas aeruginosa is one of the important causes of both
hospital and community acquired infections (1). The emer-
gence of drug resistance in bacteria and its association
with serious infectious diseases have increased at warning
rates during the past several decades (2). Pseudomonas ae-
ruginosa has remained the leading pathogen causing burn
wound infection. It has been found as a major colonizer of
burn wounds because it thrives on moist burn wound sur-
faces and survives well in hospital environments (3). The
basic antibiotics with activity against P. aeruginosa strains
are cephalosporins, carbapenems, monobactams, qui-
nolones, aminoglycoside, and polymyxin. However, the
emergence of drug resistant P. aeruginosa in burn wounds
is becoming a challenging problem worldwide. The antibi-
otic resistance against these bacteria is categorized as mul-

tiple drug resistant (MDR) and pan-drug resistant (PDR)
(4). Many studies have shown that MDR isolates exhibit
resistance against three types of anti-pseudomonas drugs,
and PDR show resistance against all types of antibiotics (5).

Several resistance mechanisms are found in bacterial
pathogens. Drug efflux pumps play a key role in drug resis-
tance and also serve other functions in bacteria. Active efflux
is now recognized as an important component of bacterial
resistance to most classes of antibiotics. This mechanism
is mediated by efflux pumps, which are membrane-associ-
ated active transporters promoting the extrusion of toxic
compounds, including antibiotics, from the cells (6, 7). Bac-
terial drug efflux pumps have been categorized to five fami-
lies. Amongst these families, drug exporters belonging to
the resistance-nodulation-division (RND) family play a key
role in clinically relevant resistance in Gram-negative bac-
teria including P. aeruginosa. In total, six systems belonging
to the RND family of transporters have been characterized
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in the pathogen, MexAB-OprM, MexCD-Opr], MexEF-OprN,
MexXY, MexJK, and MexGHI-OprD (8). AMexAB-OprM pump,
encoded by the mexAB-oprM gene, consists of two inner
membrane-associated components, MexA and MexB, and
an outer membrane component, OprM. It has been sug-
gested that MexB and OprM function as an antibiotic-ex-
porting component and an antibiotic exit outer membrane
channel, respectively (9). With their partially overlapping
substrate specificities, MexAB-OprM and MexXY play a key
role in the natural resistance of P. aeruginosa to antibiotics.
Overproduction of MexAB-OprM may lead to significant
multidrug resistance in clinical isolates of P. aeruginosa (10).

2. Objectives

Due to the importance of drug resistance in P. aerugino-
sa strains, which is an increasing threat for patients with
burn and wound infections, the present study was con-
ducted with an aim to investigate the MDR and PDR rate
in Pseudomonas aeruginosa in the region of the study, and
detect efflux pump MexAB genes as a possible mechanism
involved in resistance, by the PCR technique.

3. Materials and Methods

3.1. Bacterial Isolates and Strain Identification

In total 150 samples comprised of 75 samples of wound
infections and 75 samples of burn infections were collect-
ed in a four-month period from April to September 2012
in Golestan and Taleghani burn hospitals, Ahvaz, Iran. The
samples were obtained from equal numbers of male and
female patients with an age range between 18 and 73 years.

The samples were cultured on appropriate culture me-
dia and grown colonies were identified as P. aeruginosa by
applying standard biochemical tests, including cetrim-
ide agar and Oxidization Fermentation (OF) media, reac-
tion in triple sugar iron (TSI) agar, catalase test, indole
production in SIM medium, and growth at 42°C (11). Pseu-
domonas aeruginosa ATCC 27853 was used as a standard
strain for confirming the reactions.

3.2. Antimicrobial Susceptibility Testing

3.2.1. Disk Diffusion Method

The resistance pattern of the strains against the fol-
lowing antibiotics was determined by the Kirby Bauer
disk diffusion method as per the Clinical and Laboratory
Standard Institute (CLSI) guidelines (12): ofloxacin (5 mg),
amikacin (30 mg), gentamicin (10 mg), ciprofloxacin
(5 mg), piperacillin (100 mg), aztreonam (30 mg), poly-
myxin B (300 mg), carbenicillin (100 mg), ceftazidime
(30 mg), imipenem (10 mg), meropenem (10 mg), ticarcil-
lin Ticarcillin (75 mg , cefepime (30 mg), ceftriaxone (30
mg), cefotaxime (30 mg) and tetracycline (30 mg) [MAST
Co., UK]. In brief, the standard bacterial suspension was

prepared by growth of bacteria in Mueller Hinton Broth
(Merck, Germany) with subsequent adjustment equal to
0.5 McFarland, and inoculated on Muller Hinton agar,
and the antibiotic disks were placed on the plate at iden-
tical distances. Plates were incubated for 16 - 24 hours at
35°C. The diameter of the zone of growth inhibition was
measured and compared to standard values.

3.2.2. Broth Microdilution Method

Broth microdilution test was used for determination of
minimal inhibitory concentrations (MIC) of used antibi-
otics in accordance with CLSI guidelines. Briefly, the stock
solution of antibiotic powders (Sigma Inc. Germany) was
prepared in appropriate solvents, from which the necessary
serial dilutions were made. The standard bacterial suspen-
sion equal to 0.5 McFarland was prepared and the antibiotic
dilutions were added to bacterial suspensions in microtiter
plate wells (SPL Life Co., Korea), and were incubated at 37°C
for24 hours.The MIC of different tested antibiotics was then
determined according to standard CLSI breakpoints (12).

3.3. Polymerase Chain Reaction Amplification of
the MexA and MexB Genes

DNA extraction was performed by the simple boiling
method of bacterial colonies from all isolates that were
identified as P. aeruginosa by phenotypic criteria (13).

For PCR amplification, a set of primers for the MexA gene
(5"- CGA CCA GGC CGT GAG CAA GCA GC -3’ and 5- GGA GAC
CTTCGCCGC GTT GTC GC -3"), and MexB gene (5-GTGTTCG-
GCTCGCAGTACTC-3’ and 5- AACCGTCGGGATTGACCTTG-3’),
was used. These primers amplified a fragment of 293 base
pairs (bp) and 244 bp of target genes, respectively (14).

DNA amplification was performed in a thermocycler
nexus gradient (Eppendorf, Germany), in a final vol-
ume of 25 pL containing 10x PCR buffer, 5 mM MgCl2,
250 pM dNTPs, 0.4 M of each primer, 0.125 Unit/uL Taq
polymerase and 1 uL of template DNA (400 ng). All the re-
agents were purchased from Qiagen, Germany.

The PCR mixture was prepared in a final volume of 25
uL and consisted of 10X PCR buffer, 50 mM MgCl,, 10 mM
dNTPs, 10 puM of each primer, 500 unit of Taq DNA poly-
merase, and 2 L of template DNA. The amplification pro-
gram consisted of initial denaturation at 94°C for five min-
utes, followed by 30 cycles of denaturation at 94°C for 40
seconds, annealing at 63.5°C for 30 seconds for the MexA
gene, and 59°C for 30 seconds for the MexB gene, extension
at 72°C for one minute and a final extension at 72°C for five
minutes. Pseudomonas aeruginosa ATCC27853 was used as
the positive control. The products were analyzed by aga-
rose gel electrophoresis on 1.5% agarose (w/vol.) containing
0.5 mg/mL ethidium bromide (Qiagen, Germany). Results
were recorded using the gel documentation system (Pro-
tein Simple, USA). A100 bp DNA ladder was used as the size
marker (Roche, Germany). The PCR products were sent for
sequence analysis (Bioneer Co., Korea).

The SPSS software (SPSS Inc no. 13) was used for data analysis.
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4.Results

According to the obtained results from qualitative sus-
ceptibility testing, P. aeruginosa strains showed more
than 60% resistance to most of the tested antibiotics (Ta-
ble 1). The most and least effective antibiotics against the
bacteria were polymyxin B (96%) and cefotaxime (6%), re-
spectively. According to the criteria determined for MDR
(15), and PDR (4), 99 strains (66%) were identified as MDR,
of which 53 (70.66%) belonged to burn and 46 (61.33%)
originated from wound infections. There was only one
strain isolated from a burn infection that was identified
as PDR (0.67%), while none of the wound strains were
PDR. The result of the microdilution test, as a quantita-
tive method, confirmed the findings of the disk diffusion
method. According to the results of this test, similar to

the results of the disk diffusion method, polymyxin B was
the most effective against P. aeruginosa isolates, with MIC
of <2 pg/ml for sensitive strains (144 [96%]) and MIC of

> 8 pg/ml for resistant strains (6 [4%]). Besides, the high-
est resistance was seen against tetracycline, with no sen-
sitive strain and MIC of > 16 pg/mL for resistant strains
(140 [93.93%]) as presented in Table 2.

According to the PCR technique, all MDR and PDR strains
identified by traditional susceptibility methods (66.6%),
contained MexA (Figure 1) and MexB (Figure 2) genes. We
noticed a high resistance rate of isolates to fluoroquino-
lones (> 70%), carbapenems (> 60%), aztreonam (> 66%)
and ticarcillin (> 70%), with a possible role of these genes
in the isolates resistance capacity.

Table 1. Antimicrobial Susceptibility Patterns of Pseudomonas aeruginosa Isolates (N =150) From Burn and Wound Infections by the

Means of the Disk Diffusion Method®P

Antibiotic Disk content, ug Sensitive Intermediate Resistant
Ofloxacin 5 38(25.33) 2(1.34) 110 (73.33)
Ciprofloxacin 5 41(27.33) 3(2) 106 (70.67)
Gentamicin 10 43(28.67) 4(2.67) 103 (68.66)
Imipenem 10 53(35.34) 4(2.67) 93(62)
Meropenem 10 54 (36) 3(2) 93(62)
Ceftazidime 30 48 (32) 0 102 (68)
Amikacin 30 60 (40) 7(4.67) 83(55.33)
Aztreonam 30 30(20) 20 (13.33) 100 (66.67)
Ceftriaxone 30 30(20) 15 (10) 105 (70)
Cefotaxime 30 9(6) 32(21.33) 109 (72.67)
Cefepime 30 30(20) 1(0.67) 119 (79.33)
Tetracycline 30 140 (93.33) 10 (6.67) 0
Ticarcillin 75 44(29.33) 0 106 (70.67)
Piperacillin 100 82(54.67) 0 68 (45.33)
Carbenicillin 100 41(27.33) 2(1.33) 107(71.34)
Polymyxin B 300 144 (96) 0 6(4)

dNote: the intermediate values are not shown in the table.
Data are presented as N. (%).

Table 2. Results of the Microdilution Method for Pseudomonas aeruginosa Isolates (n =150) From Burn and Wound Infections in the

Present Study?
Antibiotic Antibiotics Serial Concentrations, ng/mL  MIC Resistance Interpretive Criterion, ug/mL  Resistant
Ofloxacin 0.25-32 <8 110 (73.33)
Ciprofloxacin 0.25-32 <4 106 (70.67)
Gentamicin 0.5-64 <16 103 (68.66)
Imipenem 0.5-64 <16 93 (62)
Meropenem 1-128 <16 93(62)
Ceftazidime 2-512 <32 102 (68)
Amikacin 1-128 <64 83(55.33)
Aztreonam 1-128 <32 100 (66.67)
Ceftriaxone 2-512 <64 105 (70)
Cefotaxime 1-128 <64 109 (72.67)
Cefepime 1-128 <32 119 (79.33)
Tetracycline 1-128 <16 0(0)
Ticarcillin 4-512 <128 106 (70.67)
Piperacillin 4-512 <128 68(45.33)
Carbenicillin 4-512 <512 107 (71.34)
Polymyxin B 0.25-32 <8 6(4)
dDpata are presented as No. (%).
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Figure 1. Composite Bound Gene MexA (293 bp) of Pseudomonas

aeruginosa on 1.5% Agarose Gel Electrophoresis

Lanes: 1, 5, 50 bp DNA Ladder; 2, positive control; 3, negative control; 4,
positive sample.

Figure 2. Composite Bound Gene MexB (244 bp) of Pseudomonas
aeruginosa on 1.5% Agarose Gel Electrophoresis

67 8 9 1011 12 13 14

-

Lanes:1,14, 50 bp DNA Ladder; 2, positive control; 3, negative control; 4 - 13,
positive samples.

5. Discussion

Antibacterial resistance continues to be a global public
health concern, and threatens the effectiveness of anti-
bacterial therapy and challenges the efforts for develop-
ing novel antibacterial agents. Drug efflux pumps play a
key role in drug resistance and also serve other functions
in bacteria including P. aeruginosa (6, 16).

In this study we observed high levels of resistance to
all antimicrobial agents commercially available in Iran,
along with a rate of 66% MDR amongst P. aeruginosa iso-
lates obtained from two teaching hospitals of Ahvaz, Iran.
Although this rate was higher in strains isolated from

burn samples (70.66%), compared to wound samples
(61.33%), the difference was not statistically significant.
Additionally, as shown in Table 1, more than 70% of the
poly resistance was seen against seven antibiotics and re-
sistance to 12 antibiotics was more than 60%. In a similar
study, Pellegrino et al. reported 32% and 40% co-resistance
to 8,9, or 10 antimicrobial agents, at two different centers
(17). Since their report dates back to about ten years ago,
the lower rate of detected resistance compared to our
finding may be expected. As a matter of fact, antibiotic re-
sistance has increased dramatically around the world in
the recent years. Higher antibiotic resistance compared
to the present study was reported by Delpano et al. Dap-
pano et al. In their study 100% resistance to cefepime, me-
ropenem, imipenem, gentamicin, tobramycin, and cip-
rofloxacin, and 83% - 94% to other tested antibiotics were
reported by using MIC test (18).

The frequency of P. aeruginosa resistance to ciprofloxa-
cin, amikacin and gentamicin isolated from burn centers
of Tehran, Iran, was over 85% in the study of Rastegar Lari
et al. (19), which was higher compared to our findings.
The main reason for this disagreement is that the sam-
ples of our study were not entirely collected from burn
wounds, since the bacteria recovered from burn wounds
harbor more antimicrobial resistance, suggesting that
anatomic habitat selection was associated with adaptive
resistance to antimicrobial drugs.

In concordance with this work, in a recent study from
Iran, a rate of 60% for MDR in P. aeruginosa isolates from
an intensive care unit was reported (20).

In MDR bacteria, the over-expression of efflux pumps
that expel structurally-unrelated drugs, contributes to
the reduced susceptibility, by decreasing the intracellu-
lar concentration of antibiotics (21). Active efflux is now
recognized as an important component of bacterial resis-
tance to most of classes of antibiotics. This mechanism is
mediated by efflux pumps, which are membrane-associ-
ated active transporters promoting the extrusion of toxic
compounds, including antibiotics, from cells (7).

Several studies have focused on the susceptibility pat-
terns of P. aeruginosa isolates to carbapenems, which still
are among drugs of choice for treatment of related P. ae-
ruginosa infections.

Since resistance to many important clinical in-use anti-
biotics, including B-lactam antibiotics and fluoroquino-
lones, is mediated by the MexAB-OprM efflux pump (8),
we chose this pump to investigate the existence of en-
coding genes. The present study showed the presence of
genes encoding the MexAB-OprM efflux pump, and more
than 65% resistance of all tested isolates to carbapenems,
ticarcillin, aztreonam and fluoroquinolones (ofloxacin
and ciprofloxacin), which indicates of the possible role of
this efflux pump in such high resistance. We previously
reported a rate of 38% MDR with lower resistance of 41% to
carbapenems (21). Pseudomonas aeruginosa can become
resistant to carbapenems by both intrinsic (mutation-
driven) and transferable (B-lactamase-based) mecha-
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nisms. It is important to mention that several unrelated
antibiotic molecules, e.g. imipenem and fluoroquino-
lones, are able to select for the over-expression of efflux
pumps in originally susceptible patient isolates (22).

In the study of Fuste et al. the mechanisms leading to
carbapenem resistance of an MDR P. aeruginosa clone
were investigated. Their results showed an overexpres-
sion of the MexAB-OprM efflux pump, and a functional
MexXY-OprM was detected in all isolates (23).

In a similar study by Yi et al. 27 out of 49 P. aeruginosa
strains which were resistant to carbapenem (86.6% to
imipenem and 44.4% to meropenem), over-expressed the
mexAB-OprM (24). In a study conducted by Lee and Ko,
among 57 carbapenem-resistant P. aeruginosa isolates, 41
(71.9%) showed MexAB-OprM and AmpC over-expression
(56.1% and 47.4%, respectively) (25). Overall, studies that
represent drug resistance in strains with over-expression
of efflux pumps, especially in isolates from burn patients
and patients with decreased immune defense, have in-
creased during the past years.

In the area of the present investigation, resistance to
carbapenems has raised from 41% in 2008 to 62% in 2012.
Additionally, the MDR rate has increased from 38% to 62%,
which shows the dramatic ineffectiveness of antimicro-
bial agents in the treatment of P. aeruginosa isolates. For-
tunately the rate of PDR was still low in hospitals under
investigation of the present study, thus a strategy should
be made tolimit the MDRrate and prevent the PDR strains
to be raised especially in burn units. In this study we only
investigated the presence of one of the numerous genes,
which encode efflux pumps. We can not confirm for sure
that the presence of the genes reveal the existence a func-
tional MexAB efflux pump and mediate resistance, since
confirmation needs much more experimental work.
However, this work is a preliminary point to investigate
the genetic basis of efflux pumps-mediated resistance in
P. aeruginosa, which should be continued in the future.

This study represented an increasing rate of MDR P. aerugi-
nosa in burn and wound samples. Efflux MexAB genes were
detected in all MDR and PDR strains. The P. aeruginosa strains
isolated from burn cases showed higher drug resistance,
while PDR resistance was only noted in a burn samples.

In conclusion, the present study demonstrated the rela-
tively high MDR P. aeruginosa in burn and wound samples
obtained from two university hospitals. The P. aeruginosa
strains isolated from burn cases showed higher drug re-
sistance while PDR resistance was only noted in a burn
sample. Efflux MexAB genes were detected in all MDR and
PDR strains. By understanding the exact mechanisms in-
volved in drug resistance, the management and strategy
of infection therapy could be improved in regions with
known higher antimicrobial resistance.

Acknowledgments
This work was part of an MSc thesis by Ali Mohammad-

ian, which was approved by the Arvand international di-

Jundishapur ] Nat Pharm Prod. 2016;11(1):€25352

vision, Ahvaz Jundishapur university of medical sciences,
Ahvaz, Iran, and financially supported by both Arvand
international division (grant No. B-90/046) and the re-
search affairs of Ahvaz Jundishapur university of medical
sciences (grant No.90/ 144). The Ahvaz Jundishapur uni-
versity of medical sciences is specially acknowledged for
their continuous support. Our appreciation goes to the
laboratory staff of Taleghani Burn Hospital and Golestan
Teaching Hospital for providing the samples.

Footnotes

Authors’ Contribution:Azar Dokht Khosravi con-
ceived and designed the study, wrote the manuscript and
approved the final version of the manuscript to be pub-
lished. Ali Mohammadian performed the experiments
for data acquisition and data interpretation, and pre-
pared the preliminary draft of the manuscript.

Funding/Support:This study was financially sup-
ported by both Arvand international division (grant No.
B-90/046) and research affairs of Ahvaz Jundishapur uni-
versity of medical sciences (grant No.90/144).

References

1. Defez C,Fabbro-Peray P, Bouziges N, Gouby A, Mahamat A, Daures
JP, et al. Risk factors for multidrug-resistant Pseudomonas aeru-
ginosa nosocomial infection. ] Hosp Infect.2004;57(3):209-16. doi:
10.1016/j.jhin.2004.03.022. [PubMed: 15236849

2. Jung R, Fish DN, Obritsch MD, MacLaren R. Surveillance of
multi-drug resistant Pseudomonas aeruginosa in an urban ter-
tiary-care teaching hospital. ] Hosp Infect. 2004;57(2):105-11. doi:
10.1016/j.jhin.2004.03.001. [PubMed: 15183239

3. Tsutsui A, Suzuki S, Yamane K, Matsui M, Konda T, Marui E, et al.
Genotypes and infection sites in an outbreak of multidrug-re-
sistant Pseudomonas aeruginosa. | Hosp Infect. 2011;78(4):317-22.
doi:10.1016/j.jhin.2011.04.013. [PubMed: 21689862]

4. Falagas ME, Bliziotis IA, Kasiakou SK, Samonis G, Athanassopou-
lou P, Michalopoulos A. Outcome of infections due to pandrug-
resistant (PDR) Gram-negative bacteria. BMC Infect Dis. 2005;5:24.
doi: 10.1186/1471-2334-5-24. [PubMed: 15819983

5. Falagas ME, Koletsi PK, Bliziotis IA. The diversity of definitions
of multidrug-resistant (MDR) and pandrug-resistant (PDR) Aci-
netobacter baumannii and Pseudomonas aeruginosa. | Med
Microbiol. 2006;55(Pt 12):1619-29. doi: 10.1099/jmm.0.46747-0.
[PubMed: 17108263]

6. Li XZ, Nikaido H. Efflux-mediated drug resistance in bacteria:
an update. Drugs. 2009;69(12):1555-623. doi: 10.2165[11317030-
000000000-00000. [PubMed: 19678712]

7. Zechini B, Versace I. Inhibitors of multidrug resistant efflux sys-
tems in bacteria. Recent Pat Antiinfect Drug Discov. 2009;4(1):37-
50.[PubMed:19149695]

8. Llanes C,Hocquet D, Vogne C, Benali-Baitich D, Neuwirth C, Plesi-
at P. Clinical strains of Pseudomonas aeruginosa overproducing
MexAB-OprM and MexXY efflux pumps simultaneously. Antimi-
crob Agents Chemother. 2004;48(5):1797-802. [PubMed: 15105137]

9. Yoneyama H, Maseda H, Kamiguchi H, Nakae T. Function of the
membrane fusion protein, MexA, of the MexA, B-OprM efflux
pump in Pseudomonas aeruginosa without an anchoring mem-
brane. ] Biol Chem. 2000;275(7):4628-34. [PubMed:10671490]

10.  Schweizer HP. Efflux as a mechanism of resistance to antimi-
crobials in Pseudomonas aeruginosa and related bacteria: un-
answered questions. Genet Mol Res. 2003;2(1):48-62. [PubMed:
12917802]

1. Forbes BA, Sahm DF, Weissfeld AS. Diagnostic microbiology. St Lou-
is: Mosby; 2005.



Khosravi AD et al.

12.

14.

16.

17.

18.

Clinical and Laboratory Standards Institute. Performance Stan-
dards for Antimicrobial Susceptibility Testing; 21th Information-
al Supplement. Wayne;. 2012.

Lee S, Park Y], Kim M, Lee HK, Han K, Kang CS, et al. Prevalence
of Ambler class A and D beta-lactamases among clinical isolates
of Pseudomonas aeruginosa in Korea. | Antimicrob Chemother.
2005;56(1):122-7. doi: 10.1093jac/dki160. [PubMed: 15890715]
Xavier DE, Picao RC, Girardello R, Fehlberg LC, Gales AC. Efflux
pumps expression and its association with porin down-regula-
tion and beta-lactamase production among Pseudomonas aeru-
ginosa causing bloodstream infections in Brazil. BMC Microbiol.
2010;10:217. doi: 10.1186[1471-2180-10-217. [PubMed: 20704733]
Thong KL, Lai KS, Ganeswrie R, Puthucheary SD. Pulsed-field gel
electrophoresis of multidrug-resistant and -sensitive strains of
Pseudomonas aeruginosa from a Malaysian hospital. Jpn J Infect
Dis. 2004;57(5):206-9. [PubMed: 15507777]

Poole K. Efflux pumps as antimicrobial resistance mechanisms.
Ann Med. 2007;39(3):162-76. doi: 10.1080/07853890701195262.
[PubMed: 17457715]

Pellegrino FL, Teixeira LM, Carvalho Md Mda G, Aranha Nouer S,
Pinto De Oliveira M, Mello Sampaio JL, et al. Occurrence of a mul-
tidrug-resistant Pseudomonas aeruginosa clone in different hos-
pitals in Rio de Janeiro, Brazil. ] Clin Microbiol. 2002;40(7):2420-4.
[PubMed: 12089256]

Deplano A, Denis O, Poirel L, Hocquet D, Nonhoff C, Byl B, et
al. Molecular characterization of an epidemic clone of pan-
antibiotic-resistant Pseudomonas aeruginosa. | Clin Micro-
biol. 2005;43(3):1198-204. doi: 10.1128/JCM.43.3.1198-1204.2005.
[PubMed: 15750083]

19.

20.

21.

22.

23.

24.

25.

Rastegar Lari AR, Alaghehbandan R, Akhlaghi L. Burn wound in-
fections and antimicrobial resistance in tehran, iran: an increas-
ing problem. Ann Burns Fire Disasters. 2005;18(2):68-73. [PubMed:
21990981]

Bayani M, Siadati S, Rajabnia R, Taher AA. Drug Resistance of
Pseudomonas aeruginosa and Enterobacter cloacae Isolated
from ICU, Babol, Northern Iran. Int] Mol Cell Med. 2013;2(4):204-9.
[PubMed: 24551814

Khosravi AD, Mihani E. Detection of metallo-beta-lactamase-pro-
ducing Pseudomonas aeruginosa strains isolated from burn pa-
tients in Ahwaz, Iran. Diagn Microbiol Infect Dis. 2008;60(1):125-8.
doi:10.1016/j.diagmicrobio.2007.08.003. [PubMed: 17900848]
Nikaido H, Pages JM. Broad-specificity efflux pumps and their
role in multidrug resistance of Gram-negative bacteria. FEMS Mi-
crobiol Rev.2012;36(2):340-63. d0i:10.1111/j.1574-6976.2011.00290 X.
[PubMed: 21707670]

Fuste E, Lopez-Jimenez L, Segura C, Gainza E, Vinuesa T, Vinas
M. Carbapenem-resistance mechanisms of multidrug-resistant
Pseudomonas aeruginosa. | Med Microbiol. 2013;62(Pt 9):1317-25.
doi:10.1099/jmm.0.058354-0. [PubMed: 23722434

Yi MY, Wang PY, Huang HJ, Liu YC. [The roles of active efflux system
overexpression and outer membrane protein OprD deficiency or
loss in carbapenem resistance of Pseudomonas aeruginosa]. Zhon-
ghua Yi Xue Za Zhi. 2006;86(7):457-62. [PubMed: 16677571]

Lee ]Y, Ko KS. OprD mutations and inactivation, expression of ef-
flux pumps and AmpC, and metallo-beta-lactamases in carbape-
nem-resistant Pseudomonas aeruginosa isolates from South
Korea. Int | Antimicrob Agents. 2012;40(2):168-72. doi: 10.1016/j.
ijantimicag.2012.04.004. [PubMed: 22633564]

Jundishapur ] Nat Pharm Prod. 2016;11(1):e25352



