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A B S T R A C T: 
Pseudomonas aeruginosa is considered a resourceful pathogen; which has several essential virulence effectors such as 

exoenzyme, exotoxin and biofilm might help to it is infection. This study aimed to investigate the frequency of exoS gene, the 

determination of biofilm production and antimicrobial resistance among clinical samples of P. aeruginosa. In our study, 227 

specimens of P. aeruginosa collected from different clinical specimens which were attending public hospitals in Erbil city. 

Antimicrobial resistance of samples identified by Kirby-Bauer disk diffusion method. Through PCR virulence gene exoS was 

studied. Biofilm production measured by both Congo Red Agar (CRA) and tissue culture plate method (TCP). Among 227 clinical 

samples, 40 (17.6%) were positive for P. aeruginosa. Imipenem was showed most effective antibiotic 95% against P. aeruginosa. 

Incidence of exoS gene was 70% within the P. aeruginosa isolates. Moreover, around 75% of clinical samples produced biofilm 

and approximately 40% of them produced strong biofilm. Our study showed that the incidence of bla exoS gene and biofilm 

formation, which are common virulence factors in the clinical samples, especially in burn patients, and are a severe problem in the 

treatment of the patient.   
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1.INTRODUCTION : 

 

Pseudomonas aeruginosa has developed as 

an important of nosocomial infection. It causes 

infection especially in the immunocompromised 

hosts as seen in the patients with severe diabetes, 

burns and chronic renal disease also individuals 

with HIV infection (Candel et al., 2019, Wang et 

al., 2019, Kang et al., 2019, Azeez and Bakr, 

2019). 

 

 

 

 

 

 

Fritillaria zagrica Stapf. is a species very  

 

It causes different types of infection such as 

septicemia, pneumonia, burn wounds, otitis and 

keratitis (Kang et al., 2019, Aka, 2015). This 

organism is often resistant to a large number of 

antibiotics and enters the blood, causing 

septicemia (Minasyan, 2019). The production of 

toxins, enzymes and also biofilm formation may 

contribute to its pathogenicity (Aka and Haji, 

2015, Hamad, 2018, Ahmed and Salih, 2019). 

When a bacteria formed a biofilm, it promotes 

growth and survival, it becomes extremely 

difficult to be destroyed (Georgescu et al., 2016). 

Biofilm supports the colonization of bacteria, 

which is showing resistant to most antibiotics (Yin 

et al., 2019). Among bacterial pathogens, P. 

aeruginosa inherent resistance to antibiotics such 

as aminoglycosides, carbapenems, penicillins, 
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quinolones and cephalosporins. Furthermore, it 

has been known to obtain unusual resistance genes 

via transformation, transduction or conjugation 

(Amirmozafari et al., 2016, Pobiega et al., 2015). 

Besides, there is a major virulence factor which 

was known by the type III secretion system 

(T3SS). It has a vital function to transfer effector 

proteins into the host. Pseudomonas aeruginosa 

produces irresistible proteins such as exoS and 

ExoU (Horna et al., 2019). ExoS is the main 

cytotoxin that is essential for colonisation, 

invasion and bacterial spreading during infection 

(Ruffin and Brochiero, 2019).  

The vital virulence elements of P. 

aeruginosa is the biofilm which is leading to 

colonisation of microorganisms, and it plays 

against antimicrobial agents (Verderosa et al., 

2019). The primary purpose behind of our study 

was to investigate the frequency of exoS gene, the 

determination of biofilm production and 

antimicrobial resistance among clinical samples of 

P. aeruginosa in Erbil north of Iraq. 

1. MATERIALS AND METHODS  

1.1.Bacterial isolates and identification test 

Our samples were collected from different 

clinical specimens such as wounds, respiratory 

tract, urine, blood, burn and sputum. Each isolate 

was cultured by using different agars such as 

MacConkey agar and Blood agar then incubated at 

37°C overnight. Identification was made by using 

biochemical tests (Jabalameli et al., 2012). All 

bacterial isolates were stored in a microtube 

containing tryptic soy broth with glycerol 20% and 

stored at −70°C until further investigation 

(Magalhães et al., 2016). 

1.2. Methods: 

Study population and specimens 

In our study, 227 clinical samples were collected 

from different clinical specimens which were 

attending public hospitals in Erbil city from 

September 2017 to March 2018. Antimicrobial 

resistance of samples was identified. Through 

PCR virulence gene exoS was studied. Biofilm 

production was measured by both Congo Red 

Agar (CRA) and tissue culture plate method 

(TCP).  

Antibiotic susceptibility tests 

Antibiotic susceptibility test was used through the 

Kirby-Bauer disk diffusion method (Merck, 

Germany) agar according to the guideline of 

Clinical and Laboratory Standards (Magiorakos et 

al., 2012): Penicillin (P 10ug), Rifampicin (R 

5ug), Bacitracin (Baci 10ug), Ciprofloxacin (Cip 

5μg), Amikacin (Am 10ug), Azithromycin (Azi 10 

ug), Cefotaxime (Cef 30 ug), Ceftriaxone (Cef 

30ug), Meropenem (Mer 10 ug) and Imipenem 

(Imi 10ug). 

 

Identification of bacterial isolates as P. 

aeruginosa by PCR: 

To know the bacterial isolates as P. 

aeruginosa, all samples were checked for 

detection of exoS gene with specific primers as 

explained in Table 1.  

 

PCR based genotyping assay  

Genomic DNA was isolated from bacterial cells 

harvested from overnight culture according to the 

previously described method (Smet et al., 2009). 

The extraction kit was provided by (GeNet Bio, 

Korea). PCR amplification for exoS gene was 

performed according to the manufacturer program 

for amplification of target gene: initial 

denaturation 94°C for 5 min; one cycle and 

denaturation step 94°C for 30 seconds; annealing 

step 58°C for 30 seconds; amplification step 72°C 

for 30 seconds; and the final amplification step 

was 72°C for 5 minutes. To investigate the PCR 

products, 5μl of PCR product run on 1% agarose 

gel in trice boric acid EDTA buffer, after 

electrophoresis, visualised under ultraviolet 

transilluminator.  

 

Table 1: Nucleotide sequences used as a primer 

for PCR amplification. 

 
Name of 
the gene 

Name of 
primers 

Nucleotide 
sequences start 

from (5'-3')  

PCR 
product 

size (bp)  

Tempera
ture for 

annealin

g  

Ref. 

Bla exoS Bla exoS 

forward 

ATGTCAGCGG

GATAT CGA 

AC 

230 58ᴼC (Georges

cu et al., 

2016)  

Bla exoS 
reverse 

CAG GCG TAC 
ATC CTG TTC 

CT 

  

1.3.Detection of biofilm formation 

Tissue culture plate method 

Bacterial colonies were grown for 24hrs at 37°C in 

Trypticase Soy Broth (Merck Darmstadt, 

Germany). Then, dilution was done in TSB 

medium and only 150 μl of dilution transferred for 
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sterile microtiter plates. Next, incubated for 24 hrs 

at 37°C without shaking, then washed by 

phosphate buffer saline three times. Later, 100 μl 

of methanol was added and incubated for 15 

minutes. After removing the solution the plate was 

dried at room temperature.  

The next step was adding crystal violet for 20 

minutes, and the bound dye was released by 

adding acetic acid. The reading of optical density 

(OD) was done through ELISA reader (Biotek 

elx800). The assays were repeated for three times. 

Un-inoculated medium was used in order to 

determine background OD as a control.  

According to the ELISA reader results, the 

samples were grouped into four different groups 

based on the reading: non-biofilm produce group 

(OD test <ODc), weak biofilm produce group 

(ODc< OD < 2× ODc), moderate biofilm produce 

group (2× ODc< OD < 4X ODc) and strong 

biofilm produce group (4× ODc< OD) (21, 22). 

Congo red agar method 

Bacterial suspension inoculated into a prepared 

solid medium (BHI) added with 5% sucrose and 

Congo red. It was made as a concentrated solution 

and sterilised by autoclave for 15 minutes at 

121˚C, then added after cooling the agar to 55˚C. 

The agar plate was inoculated and incubated for 

24-48 hours at 37˚C. The black colonies plus a dry 

crystalline were positives in contrast, the dark 

colonies without a dry crystalline were pointed as 

negatives, and weak producers remained as a pink. 

The assays were repeated for three times. 
Table 2: Distribution of P. aeruginosa in different clinical 

samples 
Results Urine Bronch

ial 

wash 

Sputu

m 

woun

d 

Burn Tot

al 

p-

valu

e 

positive 7 

(3.1%) 

4 

(1.8%) 

6 

(2.6%) 

9 

(4.0%) 

14 

(6.2%) 

40 

(17.6

%) 

<0.0

01 

Negative 113 

(49.8%) 

18 

(7.9%) 

12(5.3%

) 

37(16.

3%) 

7(3.1%

) 

187(

82.4

%) 

Total 120 

(52.9%) 

22 

(9.7%) 

18 

(7.9%) 

46 

(20.3

%) 

21 

(9.3%) 

227(

100.

0%) 

 

 
 

Table 3: Screening of P. aeruginosa isolates for detection 

of biofilm formation by tissue culture plate and Congo 

Red Agar (CRA) methods.   
Biofilm 

formation 

Tissue culture 

plate 

Congo red agar 

Strong 14(35%) 18(45%) 

Moderate 16(40%) 10(25%) 

Weak 9(23%) 6(15%) 

None 1 (2%) 6(15%) 

Total 40 40 

 

 

 

 

Table 4: PCR-based genotyping assay 
PCR 

results 

Source of samples Total 

Urine Bronchial 

wash 

Sputum wound Burn  

Virulence 

gene exoS 

(+) 

6 

(15%) 

2 (5%) 4 (10%) 6 (15%) 10 

(25%) 

28 

(70%) 

Virulence 

gene exoS 

(-) 

1 

(2.5%) 

2 (5%) 2 (5%) 3 (7.5%) 4 (10%) 12 

(30%) 

Total 7 

(17.5

%) 

4 (10%) 6 (15%) 9 

(22.5%) 

14 

(35%) 

40(10

0.0%) 

 

 

2.8. Statistical Analysis 

Statistical analysis including the chi-square test 

with P values less than 0.05 were considered as 

significant. Statistical program for social sciences 

(SPSS V.23) was used for the analysis of the 

results. 

2. RESULTS AND DISCUSSION 

From 227 samples, 40 (17.6%) were positive for 

P. aeruginosa (Table 2). Also, the rate of isolates 

produced biofilms 35%, 40% respectively strong 

and moderate biofilms. In contrast, the ratio of 

weak or non- biofilm formation were about 25% 

(Table 3). The highest level of resistance was 

observed to penicillin, rifampicin, and bacitracin 

100%, followed by ciprofloxacin and amikacin 

92.5, 87.5% respectively, while the least resistance 

exhibited to imipenem 5%. Also, the level of 

resistance to cefotaxime and meropenem 82.5%, 

75% respectively. Furthermore, the sensitivity 

exhibited to ciprofloxacin, azithromycin and 

ceftriaxone 80% (Figure 1). Figure 2 illustrated the 

amplification for the detection of the exoS gene. 

The incidence of antimicrobial resistance within 

the P. aeruginosa isolates was (70%). Moreover, it 

was found the highest frequency exoS gene 25% 

in burn infection (Table 4). 

 

DISCUSSION: 
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Pseudomonas aeruginosa is an important 

pathogen of hospital-acquired infections, and it 

has resistance to a wide variety of antibiotics in 

clinical samples, particularly in (burn, UTI, and 

wound) infections (Azimi et al., 2016).  

According to the results, the association among 

different clinical samples was highly significant 

(P<0.001). The high frequencies of P. aeruginosa 

in various clinical samples have been earlier 

informed (Aka and Haji, 2015). 

The peak level of resistance was observed to 

penicillin, rifampicin, vancomycin and bacitracin 

100%, and it was showed low resistance 5% to 

imipenem. Earlier resistant to imipenem in Erbil 

was stated 20% and 4% (Azeez and Bakr, 2019) 

followed by ciprofloxacin and amikacin 92.5%, 

87.5% respectively, Similar results have been 

reported by (Azeez and Bakr, 2019, Azimi et al., 

2018). Also, the level of resistance to cefotaxime 

and meropenem were 82.5% and 75% 

respectively. Furthermore, the sensitivity exhibited 

to azithromycin and ceftriaxone was 80%.This 

wide resistance showed by P. aeruginosa against 

most effective antibiotics might be related to 

misuse or overuse of antibiotics (Pachori et al., 

2019).   

Biofilm formation has been measured as a prime 

virulence factor of pathogenicity  (Tharwat et al., 

2017). The current study identified that (98%, 

85%) of the isolated samples produced biofilm by 

TCP and CRP method respectively, this is agreed 

with  (Jabalameli et al., 2012, Hamad, 2018). 

The biofilm production facilitates to ascent 

bacterial resistant strains and eases the efficacy of 

antibiotic therapy (Bahador et al., 2019). ExoS is a 

major cytotoxin that is required for bacterial 

colonisation and invasion. In addition, it needs for 

bacterial dissemination during infection (Yousefi-

Avarvand et al., 2015). Our results identified exoS 

gene most prevalent (70%) within the P. 

aeruginosa isolates which in agreement with other 

study and similar to (Bahador et al., 2019, 

Mingxiang et al., 2018). In Poland, Pobiega 

revealed a rate for exoS (92.3%) among clinical 

samples (Amirmozafari et al., 2016). 

 

 
Figure 1: Antimicrobial resistance properties in 

Pseudomonas aeruginosa isolated from clinical 

infections.  

 

 
Figure 2: Gel Electrophoresis of the Polymerase Chain 

Reaction Products Using exoS Gene-Specific Primers. 

Confirmatory PCR screening analysis of the presence of 

exoS gene among P. aeruginosa clinical isolates. Lane M is 

DNA ladder (BioLabs); Lane 1 negative control, Lanes 2, 3, 

4,5 amplified product of exo S gene (230 bp); Lane 6,7, 8, 9 

Negative samples. 

3. CONCLUSIONS  

In conclusion, our investigation showed that the 

exoenzyme S is commonly disseminated among 

the P. aeruginosa samples in governmental 

hospitals. Moreover, a high rate of biofilm 

producer samples was identified in burn samples, 

which is a challenge in the treatment of burn 

patients. Additional studies are needed on other 

virulence factors to attain more information 

regarding the antibiotic resistance of P. 

aeruginosa, to find the best way to treat patients 

more quickly. 

Acknowledgements 

Thanks to Hawler Medical University sponsored 

this study. Thanks to the participants. Thanks to 

100 100 100 100 
92.5 87.5 

75 

20 17.5 20 

5 0 0 0 0 
7.5 12.5 

25 

80 82.5 80 

95 

0 

20 

40 

60 

80 

100 

120 

Antimicrobial resistance  

Resistance Sensitive



Hussen. B.   /ZJPAS: 2020, 32 (4): 108-113 
112 

 

ZANCO Journal of Pure and Applied Sciences 2020 

   
 

 
 

Dr. Abbas Salihi and Dr. Fattma Ali for their 

cooperation. 
 

References 

 

AHMED, A. A. & SALIH, F. A. 2019. Quercus infectoria 

gall extracts reduce quorum sensing-controlled 

virulence factors production and biofilm formation 

in Pseudomonas aeruginosa recovered from burn 

wounds. BMC Complement Altern Med, 19, 177. 

AKA, S. & HAJI, S. 2015. Evaluation of multi drug 

resistance among extended spectrum β-lactamase-

producing Escherichia coli causing urinary tract 

infection in Erbil City. Zanco Journal of Medical 

Science, 19, 998-1004. 

AMIRMOZAFARI, N., FALLAH MEHRABADI, J. & 

HABIBI, A. 2016. Association of the Exotoxin A 

and Exoenzyme S with Antimicrobial Resistance in 

Pseudomonas aeruginosa Strains. Arch Iran Med, 

19, 353-8. 

AZEEZ, B. & BAKR, K. 2019. Phenotypic and Molecular 

Detection of Metallo-β –Lactamase Producing 

Pseudomonas aeruginosa. ZJPAS, 31, 46-56. 

AZIMI, A., PEYMANI, A. & POUR, P. 2018. Phenotypic 

and molecular detection of metallo-β-lactamase-

producing Pseudomonas aeruginosa isolates from 

patients with burns in Tehran, Iran. Revista da 

Sociedade Brasileira de Medicina Tropical, 51, 

610-615. 

AZIMI, S., KAFIL, H. S., BAGHI, H. B., SHOKRIAN, S., 

NAJAF, K., ASGHARZADEH, M., YOUSEFI, M., 

SHAHRIVAR, F. & AGHAZADEH, M. 2016. 

Presence of exoY, exoS, exoU and exoT genes, 

antibiotic resistance and biofilm production among 

Pseudomonas aeruginosa isolates in Northwest 

Iran. GMS Hyg Infect Control, 11, Doc04. 

BAHADOR, N., SHOJA, S., FARIDI, F., DOZANDEH-

MOBARREZ, B., QESHMI, F. I., JAVADPOUR, 

S. & MOKHTARY, S. 2019. Molecular detection 

of virulence factors and biofilm formation in 

Pseudomonas aeruginosa obtained from different 

clinical specimens in Bandar Abbas. Iran J 

Microbiol, 11, 25-30. 

CANDEL, F. J., RICO, C. M., DIAZ DE LA TORRE, I., 

LAGUNA, B., MARTINEZ-JORDAN, J., 

MEDRANO, S., ESCOBAR-PORCEL, M. C., 

LOPEZ-DELGADO, A., LOPEZ-GONZALEZ, L., 

VINUELA-PRIETO, J. M., MATESANZ, M., 

GONZALEZ DEL CASTILLO, J. & ARRIBI, A. 

2019. Update in Infectious Diseases 2019. Rev Esp 

Quimioter, 32 Suppl 2, 1-9. 

GEORGESCU, M., GHEORGHE, I., CURUTIU, C., 

LAZAR, V., BLEOTU, C. & CHIFIRIUC, M. C. 

2016. Virulence and resistance features of 

Pseudomonas aeruginosa strains isolated from 

chronic leg ulcers. BMC Infect Dis, 16 Suppl 1, 92. 

HAJI S. H. 2018. Detection of Biofilm Formation in 

Pseudomonas aeruginosa Isolates from Clinical 

Specimens. ZJPAS, 30, 83-89.      

HORNA, G., AMARO, C., PALACIOS, A., GUERRA, H. 

& RUIZ, J. 2019. High frequency of the 

exoU+/exoS+ genotype associated with multidrug-

resistant "high-risk clones" of Pseudomonas 

aeruginosa clinical isolates from Peruvian 

hospitals. Sci Rep, 9, 10874. 

JABALAMELI, F., MIRSALEHIAN, A., KHORAMIAN, 

B., ALIGHOLI, M., KHORAMROOZ, S. S., 

ASADOLLAHI, P., TAHERIKALANI, M. & 

EMANEINI, M. 2012. Evaluation of biofilm 

production and characterization of genes encoding 

type III secretion system among Pseudomonas 

aeruginosa isolated from burn patients. Burns, 38, 

1192-7. 

KANG, D., REVTOVICH, A. V., CHEN, Q., SHAH, K. N., 

CANNON, C. L. & KIRIENKO, N. V. 2019. 

Pyoverdine-Dependent Virulence of Pseudomonas 

aeruginosa Isolates From Cystic Fibrosis Patients. 

Front Microbiol, 10, 2048. 

MAGIORAKOS, A. P., SRINIVASAN, A., CAREY, R. B., 

CARMELI, Y., FALAGAS, M. E., GISKE, C. G., 

HARBARTH, S., HINDLER, J. F., KAHLMETER, 

G., OLSSON-LILJEQUIST, B., PATERSON, D. 

L., RICE, L. B., STELLING, J., STRUELENS, M. 

J., VATOPOULOS, A., WEBER, J. T. & 

MONNET, D. L. 2012. Multidrug-resistant, 

extensively drug-resistant and pandrug-resistant 

bacteria: an international expert proposal for interim 

standard definitions for acquired resistance. Clin 

Microbiol Infect, 18, 268-81. 

MINASYAN, H. 2019. Sepsis: mechanisms of bacterial 

injury to the patient. Scand J Trauma Resusc Emerg 

Med, 27, 19. 

MINGXIANG, Z., HAICHEN, W., JIAN, S., JUN, L., 

YONGMEI, H., QINGYA, D., QUN, Y. & WEN' 

EN, L. 2018. Characterization of clinical 

extensively drug resistant Pseudomonas aeruginosa 

from a Chinese teaching hospital. The Journal of 

Infection in Developing Countries, 12. 

PACHORI, P., GOTHALWAL, R. & GANDHI, P. 2019. 

Emergence of antibiotic resistance Pseudomonas 

aeruginosa in intensive care unit; a critical review. 

Genes Dis, 6, 109-119. 

POBIEGA, M., MACIAG, J., CHMIELARCZYK, A., 

ROMANISZYN, D., POMORSKA-

WESOLOWSKA, M., ZIOLKOWSKI, G., 

HECZKO, P. B., BULANDA, M. & 

WOJKOWSKA-MACH, J. 2015. Molecular 

characterization of carbapenem-resistant 

Pseudomonas aeruginosa strains isolated from 

patients with urinary tract infections in Southern 

Poland. Diagn Microbiol Infect Dis, 83, 295-7. 

RUFFIN, M. & BROCHIERO, E. 2019. Repair Process 

Impairment by Pseudomonas aeruginosa in 

Epithelial Tissues: Major Features and Potential 

Therapeutic Avenues. Front Cell Infect Microbiol, 

9, 182. 

THARWAT, N., ABOU EL-KHIER, N., EL-KAZZAZ, S., 

EL-GANAINY, A.-E.-R. & ELGANAINY, A. 

2017. Quorum sensing-dependent virulence factors 

and biofilm formation of Pseudomonas aeruginosa 

isolates from retrieved orthopedic implants. 

Egyptian Journal of Medical Microbiology, 26, 

137-143. 



Hussen. B.   /ZJPAS: 2020, 32 (4): 108-113 
 113 

 

ZANCO Journal of Pure and Applied Sciences 2020 

 

    

   

  

 

VERDEROSA, A. D., TOTSIKA, M. & FAIRFULL-

SMITH, K. E. 2019. Bacterial Biofilm Eradication 

Agents: A Current Review. Front Chem, 7, 824. 

WANG, T., HOU, Y. & WANG, R. 2019. A case report of 

community-acquired Pseudomonas aeruginosa 

pneumonia complicated with MODS in a previously 

healthy patient and related literature review. BMC 

Infect Dis, 19, 130. 

YIN, W., WANG, Y., LIU, L. & HE, J. 2019. Biofilms: The 

Microbial "Protective Clothing" in Extreme 

Environments. Int J Mol Sci, 20. 

YOUSEFI-AVARVAND, A., KHASHEI, R., SEDIGH 

EBRAHIM-SARAIE, H., EMAMI, A., 

ZOMORODIAN, K. & MOTAMEDIFAR, M. 

2015. The Frequency of Exotoxin A and 

Exoenzymes S and U Genes Among Clinical 

Isolates of Pseudomonas aeruginosa in Shiraz, Iran. 

Int J Mol Cell Med, 4, 167-73. 

 

 

 

 


