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ABSTRACT 
Introduction and Objectives: Pseudomonas aeruginosa is often a gram-negative bacilli and 
moving and forms the natural flora of the intestine and the skin in small numbers. This 
bacterium can create secondary infections acquired in patients in intensive care, burns and 
other sectors. The purpose of this study was to determine the antibiotic resistance of 
Pseudomonas aeruginosa isolated from burn patients to antibiotics of carbapenem group 
(imipenem and meropenem) and to use the method of polymerase chain reaction for 
molecular confirmation of Pseudomonas aeruginosa and to study exotoxin A gene in the 
strains isolated from patients in Ahvaz Taleghani burn hospital. Methods: In this study 57 
strains of Pseudomonas aeruginosa was isolated from different clinical samples. Due to the 
presence of Pseudomonas aeruginosa on the medium compound (Mueller-Hinton agar, 
blood agar, Mac Cancan agar) and the Strymayd agar medium for the selective isolation and 
identification of Pseudomonas aeruginosa from clinical and non-clinical samples as well as 
basic biochemical tests were analyzed. After culturing, Antibiogram was performed by the 
method of Krbay-Bayer with antibiotics imipenem and meropenem. Then bacterial 
genomic DNA was extracted and intended target sequence called gene exotoxin A was 
reproduced. Findings: According to the results, the percentage of resistant of strains to 
imipenem and meropenem were respectively determined 80/7% and 93% and While 
evaluate the pattern of resistance, it was observed that among 57 samples isolated from 
patients with burns 84/2% have exotoxin A gene and 15/8 percent did not have the gene. 
The most frequency of the gene first was related to ulcers (96/7%) and then blood 
(88/9%), which has respectively 80 and 100% of the resistance pattern to these two 
antibiotics. Conclusion: The results indicate that there is a significant relationship between 
the presence of the exotoxin A gene and antibiotic resistance by Pseudomonas aeruginosa 
(P<0/05). Also resistance and the sensitivity of this bacterium to these two antibiotics 
were similar and the role of this gene in the development of antibiotic resistance in 
hospitals has been established and the toxin may be able to increase other factors of 
resistance in the hospital. 
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INTRODUCTION 

 

Pseudomonas aeruginosa is a gram-negative bacilli and moving and forms the natural flora of the intestine 

and the skin in small numbers (Brooks, G.F., et al., 2004). This bacteria is the third common cause of 

nosocomial infections and is the second cause of burn infections (Amini, B., et al., 1388; Aoki, S., et al., 2004). 

Several mechanisms for antibiotic resistance In connection with this bacterium is raised Which include 

resistance resulted from low permeability of the outer membrane, low permeability of the cell wall, purines that 

keep out antibiotics, Pumps to pump the antibiotic out of the cell, the ability to change the target of antibiotics 

such as mutations in the gene, production of non-activator enzymes of antibiotic, enzymes change 

aminoglycoside, and the beta-lactamases (Brennan, F.R., et al., 1999; Johnson, J.M., G.M. Church, 1999; 

Hancock, RE., R. Wong, 1997). 

Important clinical infections of Pseudomonas aeruginosa should not be treated with the monotherapy 

because the treatment success rate is low and bacteria can quickly become resistant to the drug (Brooks, G.F., et 
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al., 2004). Carbapenems have entered into the market from the mid-1970s, and are a major class of antibiotics 

used for the treatment of Pseudomonas Aeruginosa infections resistant to beta-lactams and imipenem and 

meropenem are their derivatives. Usually resistance to these antibiotics in non-fermentative species such as P. 

aeruginosa is more and the most common form of resistance is related to lack of drug permeation or producing 

the beta-lactamases hydrolysis carbapenem (Send, A.K., et al., 1996). Pseudomonas aeruginosa isolates show 

varying degrees of intrinsic resistance. Inherent resistance of Pseudomonas aeruginosa is resulted from the 

special proteins of outer membrane, including lipoprotein I (oprI) and outer membrane lipoprotein associated 

with peptidoglycan (oprL) that has a role in the transit systems or the bacterial cell permeability and is 

respectively used to identify genus and species (De Vos, D., et al., 1997). These bacteria have a variety of 

virulence factors, including exotoxin A gene, which is the most toxic protein of Pseudomonas aeruginosa. Khan 

and Cerniglia used exotoxin A for the first time to identify the bacteria Pseudomonas aeruginosa (Dosti, M., et 

al., 2012). Species of Pseudomonas aeruginosa have type III secretory system that causes to direct transfer of 

toxins to the host cell and exotoxin A causes tissue necrotic and inhibits protein synthesis. This gene produces a 

protein of 66 kDa, which is considered as a virulence factor that is similar to diphtheria toxin. Most toxin of 

exotoxin A is produced by the majority of the species of Pseudomonas aeruginosa, which can stop eukaryotic 

protein synthesis in the polypeptide chain elongation (extenders factor EF2) (Wathiq, A.A., H.A. Zaid, 2013). 

The polymerase chain reaction can be used to identify this microorganism. The purpose of this study was to 

determine the antibiotic resistance of Pseudomonas aeruginosa isolated from burn patients to antibiotics of 

carbapenem group (imipenem and meropenem) and to use the method of polymerase chain reaction for 

molecular confirmation of Pseudomonas aeruginosa and to study exotoxin A gene in the isolated strains.  

 

Methods: 

In this study 57 strains of Pseudomonas aeruginosa were collected from Ahvaz Taleghani Hospital burn 

unit patients (Luna de Araújo Jácome, P.R., et al., 2012). Sampling was done from patients with suspicious 

infection symptoms, such as purulent secretions, blood infection, urinary tract infection and biopsy (scarring 

tissue sample) (Moazami Goudarzi, S., 2013). 

Primary cultured in blood agar and eosin methylene blue was done. Strymayd agar medium (Sinazhen 

Company) was used for selective isolation and identification of Pseudomonas aeruginosa from clinical and non-

clinical samples. Then differential biochemical tests including oxidase test, catalase test, how to ferment sugars 

in Triple Sugar Iron agar medium, Citrate test, produce indole, reaction in the methyl red medium and Voges 

Proskaure Broth and grown at 42°C, oxidative-fermentative test, producing pigment and the study of the move 

was conducted to identify the species of Pseudomonas aeruginosa (Haleem, H., et al., 2011; Clinical and 

Laboratory, 2013; Dosti, M., et al., Amini, B., et al., 1388). Antibiotic resistance pattern of isolated bacteria was 

evaluated by Krbay-Bayer disk diffusion method. In this method, at first the microbial suspension equivalent of 

half a McFarland was prepared and then in the form of grass was cultivated on Mueller Hinton agar medium. 

The antibiotic discs were imputations on the desired medium with 1cm distance from each other, and after 

incubation for 18 to 24 hours diameter of inhibition zone from antibiogram was measured according to CLSI 

guidelines. The used antibiotics are including imipenem discs (10μg) and meropenem (10μg). In this study 

Pseudomonas Aeruginosa 27853 ATCC was used as the positive control strain and no DNA sample was used as 

a negative control Then the percentage of sensitivity and antibiotic-resistance of strains of Pseudomonas 

aeruginosa isolated from burn infections in terms of susceptible (S), resistant (R), intermediate (I) was 

determined by disk diffusion method (Dosti, M., et al., 2012; Clinical and Laboratory, 2013; Washington, J.A., 

J.P. Anhatt, 1985). In this study, for doing polymerase chain reaction to identify the Pseudomonas aeruginosa, 

exotoxin A gene was used as the target gene. This gene has 1917 bp that its nucleotide sequence was extracted 

from a gene bank and a part of it was selected by the DNASIS and Oligo software to design forward and reverse 

primers. To perform polymerase chain reaction primers F: 5'- TGC TGC ACT ACT ACT CCA TGG TC- 3' and 

R: 5'- ATC CGT ACC AGC CAG TTC AG -3' (Sina gene Company, Iran) was used to identify exotoxin A gene 

(Amini, B., et al., 1388). 

Simple boiling method was used for Bacteria DNA extraction. First, harvest 2 to 3 colonies of medium and 

inoculated in 5ml of TSB medium and was placed at Incubator 37°C for 20 hours. 1/5 ml of the TSB medium 

was poured in Eppendorf tubes and was microfuged in 18000 rpm for 5 minutes. The supernatant was 

completely evacuated and sediment was well vortexed with about 500 μl deionized water. The resulting solution 

was placed in a boiling water bath about 10 minutes and at the end, was microfuged in 18000 rpm for 10 

minutes. Supernatant was transferred to new Eppendorf tubes to perform polymerase chain reaction (Fazeli, H., 

et al, 1388). 

The polymerase chain reaction was performed with 50 microliter mixture containing 5 ml buffer 10X, 1/5 

microliter MgCl2 (50 mili Molar), 4 microliter dNTP (2/5 mili Molar), 0/5 microliter enzyme Taq polymerase 

(5u/μl microliter), 2 microliter of each primer (10pmol/μl), 1 microliter of Genome (200ng/μl). This mixture 

was placed in the thermocycler. The conditions of set polymerase chain reaction to identify exotoxin A gene in 

Pseudomonas aeruginosa is shown in (Table 1). 
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After identification of bacteria by biochemical methods and observation of antibiotic resistance, DNA of 

the bacteria was extracted and the presence of the exotoxin A gene on the chromosome of bacteria was 

confirmed by polymerase chain reaction And besides marker (1Kbp) on agarose gel 1/5% was electrophoresed, 

and after coloring the gel with Safe stain, bands were observed (Amini, B., et al., 1388; Sam brooks, J., D.W. 

Russell, 2001) 

 

Findings: 

In this study, 57 positive samples collected from burn patients in (Table 2), indicate the relative frequency 

of Sample type of burn patients with Pseudomonas aeruginosa, that the highest rate was belonged to wound 

cultures (54/4 percent) and the lowest was belonged to the urine culture (1/75%).  

In this study, 26 patients (45/6 percent) were male and 31 patients (54/4 percent) were female, and the 

majority of patients with burn infections caused by this bacterium were in ages between 20 and 30 years old. 

The frequency of infections caused by burns in men was more than women, so that 21 cases were third degree 

burns (equivalent to 36/84%) and 36 cases were forth degree burns (equivalent to 63/16 percent). The results of 

Antibiogram by Kayr- Bi Boyer are shown on isolates of Pseudomonas aeruginosa in (table 1). That the most 

resistance to the antibiotic meropenem (93%) and the lowest resistance was belonged to the antibiotic imipenem 

(80/7). Due to the chart (Brooks, G.F., et al., 2004) only 8 strains of 57 strains (14/03%) had One-resistance 

pattern to antibiotic meropenem while none of the strains had One-resistance to antibiotic imipenem; while 46 

strains (80/7 percent) had Two-resistance pattern to both imipenem and meropenem antibiotics. With regard to 

the implementation of the Chi-square test in SPSS software and its output, as well as the probability (P-Value) 

which is to zero or less than 5 (P<0/05) it can be concluded that the behavior of the two antibiotics about 

resistance and sensitivity against bacteria Pseudomonas aeruginosa is identical. This means that the response of 

the patients to these antibiotics is same. 

The polymerase chain reaction was performed on the positive samples collected from burn patients were 

cultured by using specific primers to determine the presence of exotoxin A gene. In the polymerase chain 

reaction, the obtained bands with the size of 190 bp was confirmed as the fragment of exotoxin A gene and 

identified carrying strains of exotoxin A gene (Figure 1). 

In (Table 3) the relative frequency of the exotoxin A gene in terms of sample in isolates of Pseudomonas 

aeruginosa has been shown that exotoxin A gene was identified in 48 strains of 57 strains of Pseudomonas 

aeruginosa (84/2 percent). 

 
Table 1: Desired components and amounts in mixture polymerase chain reaction 

Stages temperature (° C) Time (min) Number of cycles 

The initial denaturation 94 5 1 

Denaturation step 94 1 30 

Connection step 60 1 
 

Synthesis step 72  

Ultimate elongation 72 7 1 

 

Table 2: Relative frequency of isolates in patients with infections caused by Pseudomonas aeruginosa in burn patients 

Sample type Frequency Relative frequency Cumulative relative frequency 

Wound cultures 31 54.4 54.4 

Blood cultures 9 15.8 70.2 

Biopsy 12 21.1 91.2 

Punch biopsy 4 7 98.2 

Urine 1 1.8 100 

Total 57 100  

 

Table 3: Relative frequency of the exotoxin A gene in isolates of Pseudomonas aeruginosa, according to Sample 

Sample type Frequency The number of samples with exotoxin A gene Relative frequency 

Wound cultures 31 30 96.7 

Blood cultures 9 8 88.9 

Biopsy 12 8 66.7 

Punch biopsy 4 2 50 

Urine 1 0 0 

Total 57 48 84.2 
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Chart 1: Percentage of sensitivity and antibiotic-resistance of strains of Pseudomonas aeruginosa isolated 

from burn infections in terms of susceptible (S), resistant (R), intermediate (I) with the disk diffusion method 

 

 
 

 
 

Fig. 1: polymerase chain reaction identified fragments with the size of 190bp as exotoxin A gene in carrier 

samples of this gene. M- marker DNA Ladder, 1-9 samples of patients, negative control (C_) (samples 

without DNA), positive control (C +) (ATCC 27853) 

 

Discussion and Conclusion: 

Pseudomonas aeruginosa is an opportunistic pathogen that can infect humans and animals (Wathiq, A.A., 

H.A. Zaid, 2013). These bacteria can cause acquired secondary infection in patients in intensive care, burns and 

other sectors (Dosti, M., et al., 2012). 

From 2007 to 2011, Cross-resistance and resistance to carbapenems in Pseudomonas aeruginosa strains 

isolated from Burn patients in martyr Motahari Burn Hospital in Tehran has reported As Salimi et al in 2008 

reported that resistance to imipenem is 16 percent and reported 42 percent of cross-resistance in P. aeruginosa 

strains isolated from patients with burns (Salimi, H., et al., 2010), Saderi et al in 2010 reported that resistance to 

imipenem is 69 percent (Saderi, H., et al., 2010), Ranjbar et al in 2007 reported that all strains of Pseudomonas 

aeruginosa isolated from burn patients in the martyr Motahari burn hospital had cross-resistance and 97/5 

percent had resistance to imipenem, that they mentioned its main reason is the use of different antibiotic 

regimens and different stable strains in hospital and differences in quality of care in various environments 

(Ranjbar, R., et al., 2011). Beheshti et al in 2011 reported that resistance to imipenem is 61/1 percent in 

Pseudomonas aeruginosa strains isolated from burn patients in Imam Musa Kazim hospital in Isfahan (21); 

While Jamali et al in 2009 reported that resistance to imipenem is 61/8 percent (Jamali, S., et al., 2009). 

Pseudomonas aeruginosa shows high resistance to antibiotics of beta-lactam group including the carbapenems 

(meropenem or imipenem). This resistance may be due to one reason of the lack of purine OPrD, overexpression 

of secretory pumps, impermeability and produce beta-lactamases such as Metallo-Beta-Lactamases in bacteria 

Pseudomonas aeruginosa, that most of Pseudomonas Aeruginosa strains resistant to carbapenem are deficient in 

the expression OPrD (Li, H., et al., 2012). Pseudomonas aeruginosa isolates show varying degrees of intrinsic 

resistance. It is now clear that in this connection an impermeability interactive representation with multi-drug 

withdrawal is mainly done through oprM - Mex B- Mex A (Cabot, G., et al., 2011). In this study the studied 

strains showed a high resistance (80/7) to imipenem, while the Pseudomonas aeruginosa resistance to imipenem 

is different from the resistance to meropenem. In this bacteria, pumps which expel the drug i.e. oprM - Mex B- 

Mex A, expel amphipathic components from bacterial cell and it seems that since imipenem has any of the 

lipophilic phenyl chains or heterocyclic side chains, This causes that be ineffective in the resistance to imipenem 
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and resistance is dependent on oprD and strains without oprD protein are resistant to this antibiotic (DM 

Livermore, 2001). Another reason for Pseudomonas aeruginosa resistance to antibiotics of carbapenem group is, 

in fact, overexpression of the secreted pumps that these proteins (oprD) form pores in the membrane of bacteria 

that makes it possible for antibiotics of carbapenem group to cross the outer membrane of the bacterial cell but it 

seems that the rest of the beta-lactams don’t have the ability to cross the outer membrane of bacterial cells. 

Meropenem that like Imipenem uses the oprD path to enter into the bacteria, unlike imipenem goes out by the 

Mex B expellant pumps. Because it has heterocyclic side chain. In order to show resistance to imipenem both 

Extra-regulatory paths of oprM - Mex B- Mex A and lack of oprD are required (Jamali, S., et al., 2009). 

In this study, exotoxin A gene in 48 cases (84/2 percent) of the 57 positive cultures of Pseudomonas 

aeruginosa was detected by using polymerase chain reaction. The other 9 negative cases can be because there 

are not specific sequences of exotoxin A gene in upstream and downstream of the gene A or these sequences 

have been recombinant from one sample to other sample or may this gene be absent in bacteria. Engel in 2003 

found that upstream sequences of exotoxin A genes have recombination between different species. In other 

words, perhaps the lack of exotoxin A gene on the DNA of the bacteria be the reason of being negative. Because 

more than 95 percent of strains of bacteria have exotoxin A gene, so bacteria without exotoxin A gene cannot be 

identified by polymerase chain reaction (Amini, B., et al., 1388; Wathiq, A.A., H.A. Zaid, 2013). 

Badr et al in 2008 said that the frequency of exotoxin A gene in wound infections is 89 percent (Badr, R.I., 

et al., 2008) and aslani in 2012 has been reported that its frequency in strains isolated from wound is 90% 

(Aslani, M.M., et al., 2012). In this study in addition to investigate resistant pattern, it was observed that from 

the 57 samples isolated from burn patients 84/2% had exotoxin A gene and 15/8% didn’t have this gene that 31 

samples have been associated with wound infections that 96/7% of strains isolated from wound infections had 

the highest frequency of exotoxin A gene. Storey in 1994 said that the amount of exotoxin A gene is changing in 

blood infections (Storey, D.G., et al., 1994). In this study 88/9% of strains isolated from blood infections had 

exotoxin A gene that 100% of these strains had the pattern of two-resistance to these antibiotics. Mozaffari et al 

in 2014 reported that due to multiple resistance of strains isolated from bloodstream infections that have 

exotoxin A gene, show a significant increase than the strains without this gene And given the high sensitivity of 

isolates to Gentamicin, this antibiotic is the drug of choice for treatment of blood infection caused by 

Pseudomonas aeruginosa (Mozaffari, A., et al., 2014). Flamm in 2004, also have been reported that this 

antibiotic with 75% sensitivity is one of the best drugs in treating these infections (Flamm, R.K., et al., 2004). 

The resistance in Urinary strains is lower than other samples so that this process can decrease urinary tract 

infection. Sumithra et al in 2014 reported that the involvement of Pseudomonas aeruginosa in urinary tract 

infections is very weak and exotoxin A besides a set of different virulence factors is a cause of urinary tract 

infections (Sumithra, A., et al.,). Sharma in 2004 has reported that the frequency of this gene in urinary tract 

infections is 11% (Sharma, S., R. Kaur, V. yadav, 2004). In this study, urinary tract infections didn’t have 

exotoxin A gene and had one-resistance pattern to antibiotic meropenem, while had no resistance to the 

antibiotic imipenem (Table 3). In this study, like studies of other researchers, the resistance of different strains 

to studied antibiotics in burn wound infections can be due to genetic diversity of strains of Pseudomonas. 

Therefore, in this study none of the studied antibiotics were fully effective on wound infections caused by burn 

infections. The results indicate that the strains isolated from burn wounds showed the most resistance to the 

studied antibiotics. In this connection, exotoxin A gene plays the role of donor, including delayed wound 

healing (Badr, R.I., et al., 2008), Researches of Badr et al in 2008 showed that all 38 isolated cases that have 

exotoxin A gene are capable of delay in wound healing While in all strains without this gene by using antibiotic 

therapy wound healing is normally done (Mozaffari, A., et al., 2014). Thus, according to the statistical findings 

the role of exotoxin A is found in the creation of antibiotic resistance in hospitals is cleared and this toxin 

probably can be increased to other factors of resistance in hospital conditions such as the frequent use of 

antibiotic or the effect of other microbial factors. This study shows that strains that have exotoxin A gene show 

a large percentage of resistance to these drugs than the strains that don’t have the ability to produce this gene, 

And the increase of drug resistance in strains with this gene can offer a significant genetic link between the 

activity of exotoxin A gene and antibiotic resistance, So that the activity of this exotoxin leads to clarify the 

regulatory gene of drug resistance in bacteria. This characteristic of exotoxin A can make it difficult to treat 

infections caused by these bacteria in hospitals (Mozaffari, A., et al., 2014; Dosti, M., et al., 2012). 

 

ACKNOWLEDGEMENT 

 

We thank the staff of Ahvaz Taleghani Hospital, staff of Masjed Soleiman Oil Company Hospital 

laboratory, especially Mrs. doctor Negin Ahmadi, Members of the research sector of Islamic Azad university of 

Masjed Soleiman, Masjed Soleiman, Members of the research sector of Yasouj Islamic Azad University, who 

helped us to conduct the study.  

 

 



25 

 

REFERENCES 

 

Brooks, G.F., J.S. Betel, S.A. Morse, 2004. Jaweta, Mel nick, Adel berg’s. Medical Microbiology. Appleton 

and Lange, USA, pp: 202-07. 

Amini, B., M. Kamali And A. Zareie Mahmoodabadi, 1388. Isolation and identification of Pseudomonas 

aeruginosa series by PCR. Journal of Biological Sciences, Islamic Azad University of Zanjan, (3) 8: 65-59. 

Aoki, S., Y. Herat, S.A. Kaond, N. Gondi, K. Yanagihara, Y. Miyazaki, et al.  2004. Virulence of metallo 

beta lactamase producing Pseudomonas aeruginosa in vitro. Antimicrobial Agents & Chemotherapy, 48(5): 

1876-78.  

Brennan, F.R., T.D. Jones, L.B. Gilleland, T. Bellaby, F. Xu, P.C. North, et al. 1999. Pseudomonas 

aeruginosa outer- membrane proteins F epitopes are highly Immunogenic in mice when expressed on a plant 

virus. Microbiology, 145: 211-20.  

Johnson, J.M., G.M. Church, 1999. Alignment & structure prediction of divergent Protein families. 

Periplasmic and outer membrane Proteins of bacterial efflux pumps. Journal of Molecular Biology, 287(3): 695-

715.  

Hancock, RE., R. Wong, 1997. Potial of protein OprF of pseudomonas in bivalent vaccinines. Behring 

Institute Mitteilungen, 98: 283-90.  

Send, A.K., Y. Arakawa, S. Lehiyama, K. Nakashima, H. Ito, S. Ohsuka, et al. 1996. PCR detection of 

metallo beta lactamase gene (blaIMP) in gram negative rods resistant to broad spectrum beta lactams. Clinical 

Microbiology, 34(12): 2909-13.  

De Vos, D., A. Lim, J.P. Pirnay, C. Vandenvelde, M. Struelens, L. Duinslaeger, et al.  1997. Direct 

Detection of Pseudomonas aeruginosa in Clinical Samples Such as Skin Biopsy specimens and Expectorations 

by multiplex PCR based on two outer Membrane Lipoprotein genes oprI & oprL. Journal of Clinical 

Microbiology, 35(6): 1295-1299.  

Dosti, M., Faghihi MhO, A. Ramezani, M.R. Saini, 2012. Comparison of Conventional Culture Methods 

and Polymerase Chain Reaction (PCR) for Specific Detection of Pseudomonas aeruginosa. Journal of Isfahan 

Medical School.,  30(192): 780-786. 

Wathiq, A.A., H.A. Zaid, 2013. Detection of Exotoxin A gene in Pseudomonas aeruginosa from Clinical 

and Environmental samples. Journal of Al-Nahrain University, 16(2): 167-172.       

Luna de Araújo Jácome, P.R., L. Rodrigues Alves, A.B. Cabral, A.C. Souza Lopes, M.A. Vieira Macie, 

2012. Phenotypic and molecular characterization of antimicrobial resistance and virulence factors in 

Pseudomonas aeruginosa clinical isolates from Recife. State of Pernambuco, Brazil, Revista dam Sociedade 

Brasilia de Medicine Tropical., 45(6): 707-712.  

Moazami Goudarzi, S., 2013. Eftekhar F. Assessment of carbapenem susceptibility and multidrug-

resistance in Pseudomonas aeruginosa burn isolates in Tehran, Jundishapur journal  of microbiology, 6(2): 162-

165. 

Haleem, H., J.K. Tarrad, I.A. Banyan, 2011. Isolation of Pseudomonas aeruginosa from clinical cases and 

environmental samples and analysis of its antibiotic resistant spectrum at hilla teaching hospital. Medical 

Journal of Babylon,  8(4). 

Clinical and Laboratory, 2013.Standard Institute. Performance standards for Antimicrobial Testing. 

Document M100- S23. USA: Wayne, PA, CLSI. 

Washington, J.A., J.P. Anhatt, 1985. Antimicrobial susceptibility tests of aerobic and facultative anaerobic 

bacteria. In: laboratory procedures in Clinical Microbiology 2th ed. USA, Springer C pp: 67-85. 

Fazeli, H., Z. Moslehi Tekantapeh, G.h. Irajian And M. Salehi, 1388. Determine the pattern of drug 

resistance and identify bla-VIM metallo-beta-lactamase gene of Pseudomonas aeruginosa strains isolated from 

patients in hospital burns injuries Imam Musa Kazim (AS) in Isfahan. Journal of Medical Microbiology of Iran, 

(4) 3, 8-1. 

Sam brooks, J., D.W. Russell, 2001. Agarose Gel Electrophoresis. In: Molecular cloning. Gold Spring 

Harbor Laboratory Press. New York.  

Salimi, H., B. Yakhchali, P. Owlia, A.R. Lari, 2010. Molecular Epidemiology and Drug Susceptibility of 

Pseudomonas aeruginosa Strains Iso- lated From Burn Patients. Lab Medicine, 41(9): 540-4. 

Saderi, H., H. Lotfalipour, P. Owlia, H. Salimi, 2010. Detection of Metallo- β-Lactamase Producing 

Pseudomonas aeruginosa Isolated From Burn Patients in Tehran, Iran. Lab Medicine, 41(10): 609-12. 

Ranjbar, R., P. Owlia, H. Saderi, S. Mansouri, N. Jonaidi-Jafari, M. Izadi, et al. 2011. Characterization of 

Pseudomonas aeruginosa strains iso- lated from burned patients hospitalized in a major burn center in Tehran, 

Iran. Acta Med Iran, 49(10): 675-9. 

Beheshti, S., M. Zia, 2011. Bacteriology of burns and antibiogram in an Iranian burn care center. Afr J 

Pharm Pharmacol., 5(4): 538-41. 

Jamali, S., M. Bahar, S.J. Houshmand, 2009. Microbiol Knowledge. 



26 

 

Li, H., Y.F. Luo, B.J. Williams, T.S. Blackwell, C.M. Xie, 2012. Structure and function of OprD protein in 

Pseudomonas aeruginosa: from antibiotic resistance to novel therapies. International Journal of Medical 

Microbiology, 302 (2): 63-68.  

Cabot, G., A.A. Ocampo-Sosa, F. Tubau, M.D. Macia, C. Rodrí-guez, B. Moya, et al., 2011. 

Overexpression of AmpC and efflux pumps in Pseudomonas aeruginosa isolates from bloodstream infections: 

prevalence and impact on resistance in a Span- ish multicenter study. Antimicrob Agents Chemother.,  55)5(: 

1906-1911. 

DM Livermore, 2001. Leading article Of Pseudomonas, porins, pumps and carbapenems. J. Antimicrob. 

Chemother., 47)3(: 247-250. 

Badr, R.I., M. Nagdy, A. Sabagh, A. Bahaa, 2008. Pseudomonas aeruginosa exotoxin A as a virulence 

factor in burn wound infections. Egyptian Journal of Medical Microbiology, 17(1): 125-132. 

Aslani, M.M., V.S. Nikbin, Z. Sharafi, M. Hashemipour, F. Shahcheraghi, G.H. Ebrahimipour, 2012. 

Molecular identification and detection of virulence genes among Pseudomonas aeruginosa isolated from 

different infectious origins. Iranian journal Microbiology, 4(3): 118-123. 

Storey, D.G., L.R. Tracy, E.E. Ujack, H.R. Rabin, 1994. Association between transcript levels of the 

Pseudomonas aeruginosa regA, regB, and toxA genes in sputa of cystic fibrosis patients. Infection and 

Immunity, 62(8): 3506-3514. 

Mozaffari, A., J.F. Mehrabadi, K. Isazadeh, A.R. Habibi, 2014. Molecular analysis of Exotoxin A 

Associated with Antimicrobial Resistance of Pseudomonas aeruginosa Strains Isolated from Patients in Tehran 

Hospitals Nour. Iranian Journal of Medical Microbiology Iran Journal Medical Microbiology, 8(4).  

Flamm, R.K., M.K. Weaver, C. Thornsberry, M.E. Jones, 2004. Factors associated with relative rates of 

antibiotic resistance in Pseudomonas aeruginosa isolates tested in clinical laboratories in the United States from 

1999 to 2002. Antimicrobial Agents and Chemotherapy, 48(7): 2431-2436. 

Sumithra, A., P. Vijayalakshmi, D. Jegadeeshkumar, Prevalence. antibiotic resistance patterns and virulence 

factors of urine isolates of Pseudomonas aeruginosa. 

Sharma, S., R. Kaur, V. yadav, 2004. Cntribution of exotoxin A of Pseudomonas aeruginosa in acut and 

chronic experimental renal infection. Infection disease, 57: 119-120. 

Mihani, F., 1386. Isolation and investigation of strains of Pseudomonas aeruginosa resistant to imipenem 

through producing metallo-beta-lactamase and identifying the determinant genes of resistance by PCR method 

in patients with burns (MA thesis). Available from the thesis of the Medical School of Ahvaz. (Record Number: 

8121). 

 

 

 


