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ABSTRACT 
 
Background: Pseudomonas aeruginosa is a common environmental Gram-
negative rod responsible for a wide range of nosocomial infections. The 
pathogenesis of P. aeruginosa is because of the production of various virulence 
factors. The present study was carried out to determine the presence of 
virulence factors and the rate of antibiotic resistance among clinical isolates of 
P. aeruginosa. 
Methods:  This cross-sectional study was performed on 120 clinical isolates of P. 
aeruginosa collected from a teaching hospital in the south of Iran. All isolates 
were identified with standard biochemical and microbiological tests. 
Antibacterial susceptibility was determined by disk diffusion method. The 
presence of virulence genes was screened by PCR. 
Results: From 120 P. aeruginosa isolates, the most common sites of bacterial 
isolation were pulmonary with frequency 52 (43.3%), followed by urine 28 
(23.3%), blood 17 (14.2%), and wound 14 (11.7%). Antibiotic susceptibility 
patterns revealed that the highest and lowest resistance rates were against 
ticarcillin-clavulanate (60%) and amikacin (10%), respectively. The majority of 
meropenem-resistant isolates had a MIC range >32 μg/mL. Among tested 
virulence genes, lasB gene was detected in the 98.3% of isolates followed 
by pvdA in 68.3%, pilA in 8.3% and pilB in 5% of isolates. 
Conclusion: Results showed a high prevalence of lasB in clinical isolates of   P. 
aeruginosa. These findings accompanied with remarkable rate of β-lactam-
resistance highlights importance of suitable surveillance and control processes 
to prevent the further spread of these isolates in hospitals. 
 
Key Words: Pseudomonas aeruginosa, Virulence genes and Antibiotic resistance  
 
 
Received:  04.09.2020    Accepted: 11.03.2020 
 

ÖZET 
 
Amaç:  Pseudomonas aeruginosa, çok çeşitli nozokomiyal enfeksiyonlardan 
sorumlu, yaygın bir çevresel Gram negatif çubuktur. P. aeruginosa'nın 
patogenezi, çeşitli virülans faktörlerinin üretiminden kaynaklanmaktadır. Bu 
çalışma, P. aeruginosa'nın klinik izolatlarında virülans faktörlerinin varlığını ve 
antibiyotik direnç oranını belirlemek amacıyla yapılmıştır. 
Yöntem: Bu kesitsel çalışma, İran'ın güneyindeki bir eğitim hastanesinden 
toplanan 120 klinik P. aeruginosa izolatı üzerinde gerçekleştirildi. Tüm izolatlar 
standart biyokimyasal ve mikrobiyolojik testlerle tanımlandı. Antibakteriyel 
duyarlılık disk difüzyon yöntemi ile belirlendi. Virülans genlerinin varlığı PCR ile 
tarandı. 
Bulgular: 120 P. aeruginosa izolatından bakteri izolasyonunun en yaygın yerleri 
52 (% 43,3) sıklığı ile pulmoner, bunu idrar 28 (% 23,3), kan 17 (% 14,2) ve yara 
14 (% 11,7) izledi. Antibiyotik duyarlılık paternleri, en yüksek ve en düşük direnç 
oranlarının sırasıyla tikarsilin-klavulanat (% 60) ve amikasine (% 10) karşı 
olduğunu ortaya koydu. Meropenem dirençli izolatların çoğunun MİK aralığı> 32 
μg / mL'dir. Test edilen virülans genleri arasında izolatların% 98,3'ünde lasB geni, 
ardından% 68,3'ünde pvdA,% 8,3'ünde pilA ve% 5'inde pilB saptanmıştır. 
Sonuç: Sonuçlar, P. aeruginosa'nın klinik izolatlarında yüksek bir lasB prevalansı 
göstermiştir. Bu bulgular, dikkate değer β-laktam direnci oranıyla birlikte, bu 
izolatların hastanelerde daha fazla yayılmasını önlemek için uygun gözetim ve 
kontrol süreçlerinin önemini vurgulamaktadır. 
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INTRODUCTION 
 

Pseudomonas aeruginosa is a common environmental Gram-negative rod that 
is responsible for a wide range of nosocomial infections, including ventilator-
associated pneumonia, wound infections and a variety of systemic infections in 
immunosuppressed patients (1, 2). The spread of this organism in healthcare 
settings is due to several factors, including its ability to colonize multiple 
environmental niches and to utilize many environmental compounds as energy 
sources (1, 3). P. aeruginosa infections are mostly associated with the 
compromise of host defense such as burn wounds or cystic fibrosis (1, 4). These 
infections could be more severe in cancer and neutropenic patients (4). 

The pathogenesis of P. aeruginosa is because of the production of various 
virulence factors which can causes widespread tissue damage, and bloodstream 
invasion (5). The most common virulence factors are zinc metalloprotease (LasB), 
pyoverdin and type IV pili (6). The most functions of type IV pili is aggregation, 
attachment to surfaces, uptake of DNA during transformation and motility. 
Twitching motility in this organism depends on this factor (7). The pilus filament, 
encoded by the pilA gene and pilB gene is putative pilin polymerase (8). P. 
aeruginosa produces several extracellular proteases, including elastase LasB (9). 
Zinc metalloprotease activity of LasB is on the lung tissue, so that reduces the 
secretion of extracellular matrix compounds such as collagen 3 and 4, elastin and 
proteoglycan, as well as host cell-matrix protease inhibition (10, 11). The enzyme 
can also decompose complement components and inhibit neutrophil action, 
leading to further tissue damage in acute infections. The other virulence factor 
is pyoverdin, a siderophore that competes with mammalian transferrin for iron 
(12, 13) by the specific receptor on the surface of the outer membrane (14, 15). 
Pyoverdine also regulates the secretion of other virulence factors of 
bacteria such as exotoxin A and an endoprotease (16). 

Empirical antibiotic therapy includes monotherapy and combination therapy 
for P. aeruginosa which reduce the mortality in patients with severe infections 
(17). However, the ability of this bacterium to resist many of the currently 
available antibiotics has become a global challenge (17). The occurrence of 
multidrug-resistant (MDR) P. aeruginosa in developing countries has become a 
serious problem (5). MDR bacteria are related to increased mortality and costs 
due to prolonged hospitalization, the need for surgery and prolonged treatment 
with antibiotics (5).  

Despite the high incidence of P. aeruginosa infections in hospitalized patients 
and increasing antibiotic resistance, there are low reports about the prevalence 
of virulence factors and antibiotic resistance of P. aeruginosa isolated in the 
south of Iran. Therefore, the present study aimed to investigate the prevalence 
of virulence factors and antibiotic resistance in P. aeruginosa isolated from 
different clinical specimens in hospitalized patients.  
 

METHODS  
 
Study population and P. aeruginosa isolates 

This cross-sectional study was performed on 120 isolates of P. 
aeruginosa collected from Nemazee teaching hospital in Shiraz, Iran, during the 
period from June to December 2016. Non-duplicated P. aeruginosa were isolated 
from different body sites, including blood, wound, pulmonary, urine, eye, ear, 
and cerebrospinal fluid (CSF). Exclusion criteria were not receiving any antibiotic 
at least one month prior the sampling and unclear medical records. Standard 
microbiological and biochemical tests, including colony morphology on blood 
agar (Merck, Germany), Gram staining, the reaction on triple sugar iron agar 
(Merck, Germany), oxidase reaction, were used for identification of P. 
aeruginosa isolates. Isolates were confirmed by previously described primers 
targeting the algD genes (18). Characterized isolates for further experiments 
were kept frozen in tryptic soy broth (Merck Co., Germany) containing 20% 
glycerol (Merck KGaA, Germany) at − 70 °C. 

 
 
 
 
 
 
 
 
 

Antimicrobial susceptibility testing 
Antimicrobial susceptibility testing against antibiotics, including meropenem, 

aztreonam, imipenem, amikacin, gentamycin, ciprofloxacin, piperacillin 
/tazobactam, ticarcillin/clavulanate, ceftazidime (Mast Co., UK) was investigated 
by standard Kirby-Bauer method as described by the Clinical and Laboratory 
Standards Institute (CLSI) guidelines (19). P. aeruginosa ATCC 27853 was used as 
the quality control strain for antibacterial susceptibility testing. The minimum 
inhibitory concentrations (MICs) of each isolate was determined using the 
Epsilometer test (E-test) strips (Liofilchem, Italy) containing meropenem (1 - 32 
μg / mL) as recommended by CLSI (19). The MIC values ≤2, and ≥ 8 μg/mL were 
determined as susceptible, and resistant, respectively. 
 
Detection of virulence genes by PCR  

The bacterial whole genome was extracted from P. aeruginosa isolates using 
the boiling method as previously described (20). Simplex PCR reaction was 
carried out for evaluation of four major virulence factors (PilA, PilB, 
pvdA, and lasB genes) with specific primers (Table1). PCR amplification was 
performed using T100™ thermal cycler (Bio-Radd, Hercules, CA, USA) in a final 
volume of 25 μl containing 2 μL template DNA, 0.2 mM of each deoxynucleoside 
triphosphate, 10 pmol of each primer, 10 mM Tris-HCl, 1.5 mM MgCl2, 50 mM 
KCl, and 1.5 U of Taq DNA polymerase. The cycling conditions were set up as 
follows: initial denaturation at 94°C for 5 min, 30 cycles of denaturation at 94°C 
for 60 s, primer annealing at 57°C for 60 s, extension at 72°C for 2 min and a final 
extension at 72°C for 10 min. The amplifications were loaded into the wells of 
agarose gel (1.5%) containing safe DNA stain carefully and electrophoresed at 75 
V for 90 min and observed under the UV trans-illuminator. P. aeruginosa ATCC 
27853 and Escherichia coli ATCC 25922 were used as positive and negative 
control, respectively for algD gene. 

 
Table1: Primers of virulence factor genes used in PCR 

 
Target gene Primer sequence (5'-3') PCR product 

(bp) 
References 

pilB-F ACAGCATCCAACTGAGCG 1675 4 

pilB-R TTGACTTCCTCCAGGCTG 
pilA-F TCGAACTGATGATCGTGG 408 4 
pilA-R CTTTCGGAGTGAACATCG 
pvdA-F GACTCAGGCAACTGCAAC 1281 32 
pvdA-R TTCAGGTGCTGGTACAGG 
lasB-F GGAATGAACGAAGCGTTCTC 300 32 

lasB-R GGTCCAGTAGTAGCGGTTGG 

 
Data analysis 
Statistical analysis, including frequencies, cross-tabulation of microbiological, 
clinical and demographic data was performed through the use of SPSSTM 

software, version 22.0 (IBM Corp., USA). The results were presented as 
descriptive statistics in terms of relative frequency. Values were expressed as the 
mean ± standard deviation (continuous variables) or percentages of the group 
(categorical variables).  

 
RESULTS 
 

In this study, among 120 P. aeruginosa isolates, 73 (61%) and 47 (39%) were 
from male and female patients, respectively, aged from 1 month to 86 years old. 
The most common sites of bacterial isolation were from pulmonary with 
frequency 52 (43.3%) followed by urine 28 (23.3%), blood 17 (14.2%), wound 14 
(11.7%), eye 7 (5.8%), ear 1 (0.8%), and CSF 1 (0.8%). Antibiotic susceptibility 
patterns revealed that the highest and lowest resistance rates were against 
ticarcillin-clavulanate (60%) and amikacin (10%), respectively (Table2). The 
highest antibiotic resistance was observed in blood culture isolates. Totally, 
28.3% of isolates were considered as MDR phenotype. Totally, the MIC range of 
>90% all meropenem-resistant isolates was >32 μg/mL, and both MIC50 and 
MIC90 were assessed > 32 μg/mL. 
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Table2. Antimicrobial susceptibility of P. aeruginosa isolates 
 

  
 
 
 
 
                           
                          
 
                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Abbreviations: R: resistant; I: intermediate-resistant; S: susceptible 

 
 
 
 

Specific primers were used for the detection of virulence genes, 
including pvdA, lasB, pilA, and pilB according to the references listed in Table1. 
The most prevalent virulence gene was lasB (98.3%), followed by pvdA (68.3%) 
(Figure 1). The frequency of pilA and pilB genes that is related to type IV pili, was 
lower than other genes of study (Table3). The pilB gene did not determine from 
blood and wound specimens. However, it seems that lasB and pvdA genes are 
less likely to occur in these samples. Coexistence of virulence factors was 
observed among majority of isolates. There were 7 different virulence profiles of 
P. aeruginosa isolates with lasB-pvdA and lasB being the most common, while 
the rarest were pilA-lasB, and pvdA (Table 4). 

 
Table3: Distribution of genotypic virulence determinants of P. aeruginosa 
according to the type of specimens 
 

Samples (N) 
pilA 
No. (%) 

pilB 
No. (%) 

pvdA 
No. (%) 

lasB 
No. (%) 

Pulmonary (52) 3 (5.8) 4 (7.7) 35 (67.3) 51 (98.1) 
Urine (28) 2 (7.1) 2 (7.1) 21 (75) 28 (100) 
Blood (17) 2 (11.8) 0 12 (70.6) 17 (100) 
Wound (14) 3 (21.4) 0 6 (42.9) 14 (100) 
CSF (1) 0 0 1 (100) 1 (100) 
Ear (1) 0 0 1 (100) 1 (100) 
Eye (7) 0 0 6 (85.7) 6 (85.7) 
Total (120) 10 (8.3) 6 (5) 82 (68.3) 118 (98.3) 

 
Table 4. The coexistence pattern of virulence genes 
 

Pattern Frequency Percent 

lasB 35 29.2 
lasB-pvdA 67 55.8 
pilA-lasB 2 1.7 
pilA-lasB-pvdA 8 6.7 
pilB-lasB 1 .8 
pilB-lasB-pvdA 5 4.2 
pvdA 2 1.7 
Total 120 100.0 

 
Figure1: Agarose gel electrophoresis of PCR products for pilA, pilB, pvdA, and lasB genes. M: 100 bp DNA size marker 
 

DISCUSSION 
 

Healthcare-associated infections (HAIs) are the worldwide public health 
problem that medical centers usually struggle with both in developing and 
industrial countries (21, 22). P. aeruginosa is frequently responsible for a wide 
variety of nosocomial infections (23, 24).  Nosocomial infections are often 
difficult to treat due to naturally resistant to many antibiotics and have a 
remarkable capacity for acquiring new resistance mechanisms under selective 
pressures from antibiotics, creating increased therapeutic problems (22, 25, 26). 
In according to studies in different provinces of Iran the prevalence of MDR P. 
aeruginosa is high (58%) that is of paramount concern because these isolates are 
simultaneously resistant against multiple antibiotics (27). We carried this study 
because the knowledge of the current antimicrobial profile is necessary for the 
selection of appropriate empirical treatment of these infections and control of P. 
aeruginosa in hospitals is essential.  

Empirical therapy protocol for P. aeruginosa infections in our region is 
combination of this antibiotics: piperacillin, imipenem, meropenem, 
ciprofloxacin, ceftazidime, aztreonam. With attention to antibiotic resistance 
pattern in present study, this protocol can still be used to treat of patients but 
should be used with precaution. The highest resistance rate in the present study 
was like to the previous reports from Iran and other countries (28-33) were seen 
against β-lactam antibiotics. These high rates in our study can be described by 
the fact that acquisition of resistance genes [e.g., those encoding β-lactamases 
(34)] via horizontal gene transfer can drive antimicrobial/multidrug resistance 
development in P. aeruginosa (35).  Imipenem and meropenem as carbapenems 
are the most effective antibiotics for the treatment of infections caused by MDR 
strains of P. aeruginosa, but extensive clinical use of carbapenems has caused an 
increase in carbapenem resistance (36). In our study the remarkable rate of 
resistant to carbapenem was observed.  The results of our study showed that 
considerable numbers of isolates were susceptible to aminoglycosides.  

Antibiotic 

Total (N = 120) 
No. (%) 

R I S 

Meropenem 30 (25) 2 (1.7) 88 (73.3) 

Imipenem 29 (24.2) 6 (5) 85 (70.8) 

Aztreonam 13 (10.9) 19 (15.8) 88 (73.3) 

Piperacillin-tazobactam 14 (11.7) 14 (11.7) 92 (76.6) 

Ticarcillin-clavulanate 72 (60) 8 (6.7) 40 (33.3) 

Ceftazidime 23 (19.2) 1 (0.8) 96 (80) 

Gentamicin 24 (20) 6 (5) 90 (75) 

Amikacin 12 (10) 11 (9.2) 97 (80.8) 

Ciprofloxacin 27 (22.5) 0 93 (77.5) 
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The same findings have been reported previously in different parts of country 
that showed aminoglycosides as one the most effective antibiotics against 
clinical isolates of P. aeruginosa (30, 31, 37).  

P. aeruginosa harbors a diversity of virulence factors that help in invasion and 
damage to host tissues including type IV pili, elastase, and pyoverdin (21, 23). In 
agreement with other reports (28, 32, 38, 39), the prevalence of lasB gene 
in present study was very high (98.3%). This enzyme was found in isolates from 
all infectious sites with variable rates. Also, the high rate of this virulence factor 
at the pulmonary samples (98.1%) may be an indication of this enzyme in the 
progress of lung diseases. 
A study from Romania (40) reported a 55% prevalence of pvdA gene in isolates 
from blood and wound samples whereas in our study the highest prevalence of 
this gene regard to sample size was from urine, blood, and pulmonary. PvdA, an 
important enzyme involved in the synthesis of siderophore pyoverdine, which is 
a valuable molecule to enhance iron uptake in poor or no available iron 
environment, as mammalian serum (40). Also, pyoverdine-mediated iron 
transport be important for biofilm development and bacterial virulence of 
respiratory isolates (41). Other studies from Iran reported a low prevalence 
(24.5%, 9.8%) of pvdA gene from P. aeruginosa samples (42, 43). In agreement 
with our study, two previous studies reported a low prevalence of pilA (34.3%, 
16.1%) and pilB (17.6%, 9.1%) genes among Iranian patients (42, 43). PilA (the 
major pilin subunit) and PilB (type IV fimbrial biogenesis protein) are the most 
important components of type IV pili in P. aeruginosa that involved in adherence, 
motility, competence for DNA uptake, and pathogenesis (44). In contrast to our 
findings, the frequency of these genes was higher in two studies from Africa and 
Iraq with frequencies 70.2% and 91.8%, respectively (38, 45) indicating the pili 
genes differ depending on geographic regions, isolate source and patient setting. 
In Elogne and our studies, the high frequency of lasB gene was observed in 
isolates from pulmonary samples which represents the importance of this factor 
in development of pneumonia and increasing the risk of mortality (38). 

 
CONCLUSION 
 

Based on the results, it can be concluded that the most tested isolates 
possessed lasB and pvdA genes as a virulence factor. The pathogenicity of P. 
aeruginosa is multifactorial involving both secreted and cell-associated bacterial 
products such as elastase, type IV pili and pyoverdin. These bacteria express 
different virulence genes from different infection sites that might be the cause 
of the development of the resistance pattern in P. aeruginosa. Thus, suitable 
surveillance and control processes are critical to prevent the further spread of 
these isolates in hospitals. 
 
Conflict of interest  
The authors declare that they have no conflicts of interest.  
 
Acknowledgment  
The authors would like to thank the Vice Chancellor of Research Shiraz University 
of Medical Sciences for funding of this project. The results described in this paper 
were part of MSc student thesis, Mrs. Zahra Lebaji.  

 
REFERENCES 
 
1.Lyczak JB, Cannon CL, Pier GB. Establishment of Pseudomonas aeruginosa 
infection: lessons from a versatile opportunist. micinf. 2000;2(9):1051-60. 
2.Darjani A, Rafiei R, Mesbah A, Golmohammadi R, Rafiee B, Movaseghi M. 
Discoid Lupus Erythematosus Presenting as Upper Eyelid Edema and Erythema. 
Acta Med Iran. 2017;55(7):474-6. 
3.Agodi A, Barchitta M, Cipresso R, Giaquinta L, Romeo MA, Denaro C. 
Pseudomonas aeruginosa carriage, colonization, and infection in ICU patients. 
Intensive Care Med. 2007;33(7):1155-61. 
4.Ahmad K, Ali A, Rahat S. Prevalence of virulence genes among clinical isolates 
of Pseudomonas aeruginosa collected from Peshawar, Pakistan. J Pak Med Assoc. 
2018;68(12):1787-91. 
5.Haghi F, Zeighami H, Monazami A, Toutouchi F, Nazaralian S, Naderi G. 
Diversity of virulence genes in multidrug resistant Pseudomonas aeruginosa 
isolated from burn wound infections. Microb Pathog. 2018;115:251-6. 

6.Fazeli N, Momtaz H. Virulence gene profiles of multidrug-resistant 
Pseudomonas aeruginosa isolated from Iranian hospital infections. Iran Red 
Crescent Med J. 2014;16(10). 
7.Pelicic V. Type IV pili: e pluribus unum? Mol. Microbiol. 2008;68(4):827-37. 
8.Craig L, Pique ME, Tainer JA. Type IV pilus structure and bacterial pathogenicity. 
Nat. Rev. Microbiol. 2004;2(5):363-78. 
9.Casilag F, Lorenz A, Krueger J, Klawonn F, Weiss S, Häussler S. The LasB elastase 
of Pseudomonas aeruginosa acts in concert with alkaline protease AprA to 
prevent flagellin-mediated immune recognition. Infect. Immun. 2016;84(1):162-
71. 
10.Komori Y, Nonogaki T, Nikai T. Hemorrhagic activity and muscle damaging 
effect of Pseudomonas aeruginosa metalloproteinase (elastase). Toxicon. 
2001;39(9):1327-32. 
11.Meyer J-M. Pyoverdines: pigments, siderophores and potential taxonomic 
markers of fluorescent Pseudomonas species. Arch. Microbiol. 2000;174(3):135-
42. 
12.Cox CD, Adams P. Siderophore activity of pyoverdin for Pseudomonas 
aeruginosa. Infect. Immun. 1985;48(1):130-8. 
13.Meyer J-M, Neely A, Stintzi A, Georges C, Holder IA. Pyoverdin is essential for 
virulence of Pseudomonas aeruginosa. Infect. Immun. 1996;64(2):518-23. 
14.Heinrichs DE, Young L, Poole K. Pyochelin-mediated iron transport in 
Pseudomonas aeruginosa: involvement of a high-molecular-mass outer 
membrane protein. Infect. Immun. 1991;59(10):3680-4. 
15.Meyer J, Hohnadel D, Khan A, Cornelis P. Pyoverdin‐facilitated iron uptake in 
Pseudomonas aeruginosa: immunological characterization of the ferripyoverdin 
receptor. Mol. Microbiol. 1990;4(8):1401-5. 
16.Kipnis E, Sawa T, Wiener-Kronish J. Targeting mechanisms of Pseudomonas 
aeruginosa pathogenesis. Med Mal Infect. 2006;36(2):78-91. 
17.Pang Z, Raudonis R, Glick BR, Lin T-J, Cheng Z. Antibiotic resistance in 
Pseudomonas aeruginosa: mechanisms and alternative therapeutic strategies. 
Biotechnol. Adv. 2019;37(1):177-92. 
18.Najafi K, Kafil HS, Shokrian S, Azimi S, Asgharzadeh M, Yousefi M, et al. 
Virulence genes and antibiotic resistance profile of Pseudomonas aeruginosa 
isolates in Northwest of Iran. J. Pure Appl. Microbiol. 
2015;9(SpecialEdition1):383-9. 
19.CLSI. CLSI.Performance Standards for Antimicrobial Susceptibility Testing. 
30th ed. CLSI supplement M100. Wayne, PA: Clinical and Laboratory Standards 
Institute; 2020. 
20.Malekzadegan Y, Rastegar E, Moradi M, Heidari H, Ebrahim-Saraie HS. 
Prevalence of quinolone-resistant uropathogenic Escherichia coli in a tertiary 
care hospital in south Iran. Infect. Drug Resist. 2019;12:1683. 
21.Hajikhani S, Darban-Sarokhalil D, Babapour E. Antibacterial Susceptibility 
Profiles and the Presence of Beta-Lactamase Resistance Genes and Virulence 
Factors in Pseudomonas aeruginosa Isolates. Epidemiol. Infect. 2018;4(4):131-7. 
22.Sonmezer MC, Ertem G, Erdinc FS, Kaya Kilic E, Tulek N, Adiloglu A, et al. 
Evaluation of risk factors for antibiotic resistance in patients with nosocomial 
infections caused by Pseudomonas aeruginosa. Can. J. Infect. 2016;2016. 
23.Angeletti S, Cella E, Prosperi M, Spoto S, Fogolari M, De Florio L, et al. Multi-
drug resistant Pseudomonas aeruginosa nosocomial strains: Molecular 
epidemiology and evolution. Microb. Pathog. 2018;123:233-41. 
24.Malekzadegan Y, Abdi A, Heidari H, Moradi M, Rastegar E, Ebrahim-Saraie HS. 
In vitro activities of colistin, imipenem and ceftazidime against drug-resistant 
Pseudomonas aeruginosa and Acinetobacter baumannii isolates in the south of 
Iran. BMC Res. Notes. 2019;12(1):301. 
25.Alizadeh N, Oskuee ABE, Golchai J, Sadre-Eshkevari S, Darjani A, Kazemnejad 
E, et al. Methicillin-resistant Staphylococcus aureus (MRSA) an important 
microorganism: Determination of its prevalence and evaluation of its associated 
factors in hospitalized dermatologic patients. Iran J Dermatol. 2014;17(68):54-8. 
26.Khanjani S, Sedigh Ebrahim-Saraie H, Malekzadegan Y, Halaji M, Mojtahedi A. 
Systematic review of antibacterial activity of eravacycline: A novel fluorocycline 
against clinically obtained Gram-negative bacteria. Rev in Med Microbiol. 
2020;31(1):11-6. 
27.Vaez H, Salehi-Abargouei A, Ghalehnoo ZR, Khademi F. Multidrug resistant 
Pseudomonas aeruginosa in Iran: a systematic review and metaanalysis. J. Glob. 
Infect. Dis. 2018;10(4):212. 
28.Al Dawodeyah HY, Obeidat N, Abu-Qatouseh LF, Shehabi AA. Antimicrobial 
resistance and putative virulence genes of Pseudomonas aeruginosa isolates 
from patients with respiratory tract infection. Germs. 2018;8(1):31. 



Original Investigation / Özgün Araştırma                                                                      GMJ 2021; 32: 194-198
              Lebaji et al. 

 

1
9

8
 

29.Heidary Z, Bandani E, Eftekhary M, Jafari AA. Virulence genes profile of 
multidrug resistant Pseudomonas aeruginosa isolated from Iranian children with 
UTIs. Acta Med Iran. 2016:201-10. 
30.Elmouaden C, Laglaoui A, Ennanei L, Bakkali M, Abid M. Virulence genes and 
antibiotic resistance of Pseudomonas aeruginosa isolated from patients in the 
Northwestern of Morocco. J. Infect. Dev. Ctries. 2019;13(10):892-8. 
31.Asadpour L. Antimicrobial resistance, biofilm-forming ability and virulence 
potential of Pseudomonas aeruginosa isolated from burn patients in northern 
Iran. J Glob Antimicrob Resist  2018;13:214-20. 
32.Babour IA, Mohamed MB, Shehabi AA. Molecular characterization of 
Pseudomonas aeruginosa isolates from various clinical specimens in 
Khartoum/Sudan: Antimicrobial resistance and virulence genes. Int J Antimicrob 
Agents. 2020;10(1). 
33.Emami A, Kazempour A, Pirbonyeh N, Keshavarzi A, Zardosht M. 
Hospitalization length survey and relation with distribution of LasA protease and 
type III secretion system encoding-genes in multi-drug resistant Pseudomonas 
aeruginosa isolates from burn wounds in southwest of Iran. Gene Rep. 
2017;9:81-5. 
34.Zhao W-H, Hu Z-Q. β-lactamases identified in clinical isolates of Pseudomonas 
aeruginosa. Crit. Rev. Microbiol. 2010;36(3):245-58. 
35.Strateva T, Yordanov D. Pseudomonas aeruginosa–a phenomenon of 
bacterial resistance. J. Med. Microbiol. 2009;58(9):1133-48. 
36.Rojo-Bezares B, Cavalié L, Dubois D, Oswald E, Torres C, Sáenz Y. 
Characterization of carbapenem resistance mechanisms and integrons in 
Pseudomonas aeruginosa strains from blood samples in a French hospital. J. 
Med. Microbiol. 2016;65(4):311-9. 
 
 
 

37.Motevasel M, Haghkhah M. Antimicrobial Resistance Profiles and Virulence 
Genes of Pseudomonas aeruginosa Isolates Originated from Hospitalized 
Patients in Shiraz, Iran. Journal of Medical Microbiology and Infectious Diseases. 
2018;6(2):72-6. 
38.Elogne CK, N’Guetta A, Yeo A, David CNg, Guessennd N, Anné JC, et al. 
Prevalence of Pseudomonas aeruginosa’s Virulence Genes Isolated from Human 
Infection in Abidjan, Côte d’Ivoire. Microbiol. Res. J. Int. 2018:1-8. 
39.Jahromi SIP, Mardaneh J, Sharifi A, Pezeshkpour V, Behzad-Behbahani A, 
Seyyedi N, et al. Occurrence of a multidrug resistant Pseudomonas aeruginosa 
strains in hospitalized patients in southwest of Iran: Characterization of 
resistance trends and virulence determinants. Jundishapur J.Microbiol. 
2018;11(4). 
40.Holban A-M, Chifiriuc MC, Cotar AI, Bleotu C, Grumezescu AM, Banu O, et al. 
Virulence markers in Pseudomonas aeruginosa isolates from hospital acquired 
infections occurred in patients with underlying cardiovascular disease. Rom. 
Biotechnol. Lett. 2013;18(6):8843-54. 
41.Lamont IL, Konings AF, Reid DW. Iron acquisition by Pseudomonas aeruginosa 
in the lungs of patients with cystic fibrosis. Biometals. 2009;22(1):53-60. 
42.Fazeli N, Momtaz H. Virulence Gene Profiles of Multidrug-Resistant 
Pseudomonas aeruginosa Isolated From Iranian Hospital Infections. Iran. Red. 
Crescent. Med. J. 2014;16(10):e15722. 
43.Pournajaf A, Razavi S, Irajian G, Ardebili A, Erfani Y, Solgi S, et al. Integron 
types, antimicrobial resistance genes, virulence gene profile, alginate production 
and biofilm formation in Iranian cystic fibrosis Pseudomonas aeruginosa isolates. 
Infez Med. 2018;26(3):226-36. 
44.Burrows LL. Pseudomonas aeruginosa twitching motility: type IV pili in action. 
Annu Rev Microbiol. 2012;66:493-520. 
45.Shehab SK, Jassim EH. Impact of Mint oil and Colistin antibiotic on pilB gene 
of clinical Pseudomonas aeruginosa Isolates from Baghdad, Iraq. Iraqi journal of 
biotechnology. 2019;18(3). 

 
 
 
 
 
 
 
 
 
 
 
                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


