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ABSTRACT  
One of the major causes of hospital-acquired contagion due to the rising antibacterial resistance is opportunistic 

Pseudomonas aeruginosa. Biofilm formation is an important virulence factor increase the pathogenicity infectious 

of P. aeruginosa, since sessile bacteria are protected in an extracellular matrix of a polysaccharide. The expression 

of expolysaccharide (EPS) manufacturing locus (pslÁ gene) can be significant for biofilm formalization by P. 

aeruginosa. The goal of this research estimate antibiotics resistance pattern and apportionment of the pslÁ gene 

among biofilm construction P. aeruginosa isolates collected from different infections sources. 

There were 113 infection samples collected as swabs and sputum from burns, post-surgical wounds, ear (otitis 

media), and respiratory tract. They cultured on different selective and differentiation media, next to P. aeruginosa 

identification by traditional bacteriological, API 20E strip, and molecular PCR technique by 16S rRNA. The 

antibiogram of isolates achieved by exposed to ten antibiotic items with disk diffusion method according to 

standard protocol of Clinical and Laboratory Standards Institute. Biofilm formation was detected qualitatively and 

quantitatively by 96-well microtiter plate test (MPT). Genotypic prevalence of pslÁ gene among the isolates 

performed via monoplex thermocycler of PCR technique. 

Of 113 different infection specimens there were 109 gave positive growth. Pseudomonas aeruginosa isolates 

were allocated to; 13/31 (35.5 %) burns, 8/26 (30.7 %) wounds, 11/29 (34.5 %) otitis, and 7/23 (30.4 %) sputum. Of 

39 there was 23 multidrug resistance (MDR), 5 pandrug resistance (PDR) and the rest multidrug sensitive (MDS). 

The highest resistance was against Ticarcillin, Netilmicin, Piperacillin, and Ticarcillin/clavulanic acid while 

Amikacin, Meropenem, and Ciperofloxacin more effective with all isolates except burn isolates. The quantitatively 

of biofilm formation by MPT appeared 17 (43.6 %), 9(23.1 %), 7 (18.0 %), and 6 (15.4 %) were strong, moderate, 

weak, and non- biofilm producers. The prevalence of biofilm pslÁ gene was in 35 (90.0 %) isolates. All strong 

biofilm and 4 non-biofilm producers harbored target gene, while 1 moderate, 1 weak, and 2 non- biofilm producers 

not harboring pslÁ. All PDR and most MDR isolates were strong biofilm formation.  

P. aeruginosa is still developing the resistance to most antibiotics especially with strong biofilm formation 

isolates mostly of pslÁgene harboring which increasing the concern and difficulty of bacterial infections treatment. 

Therefore, the need to find new strategies for healing is urgent. 
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INTRODUCTION 

“One of an important opportunistic for human 

pathogen is Pseudomonas aeruginosa a gram-

negative bacterium which causes diversified life-

threatening hospitalist infections in patients of 

immunocompromised and sufferers from burns, 

post-surgical wounds, otitis media and preponder-

ant pathogen in cystic fibrosis (Overhage et al., 

2005). Also, Beyond its naturalistic resistance to 

numerous medication, P. aeruginosa capable to 

produce slime and biofilm, a complex biological 

system, makes the rescue by immune protection 

systems and antibio-curative (Rasamiravaka et al., 

2015). “P. aeruginosa has been a paradigm organ-

ism for biofilm formation studies and the biofilm 

matrix structure is polysaccharides elements, as 

they contribute to the gross biofilm architecture 

and to the reluctance of biofilm- grown bacteria  

 

 

against appointed antimicrobial agents (Ghafoor 

et al., 2011). So biofilm became a huge dilemma 

that interest of researchers in the trend towards 

elimination, such as the Iraqi studies mediated by 

“Al-Mousawi and Al-Kabbi, (2017) used hot an 

aqueous extract of leaves Ziziphus spina Christi 

(Sidr) with 50mg/ml investigated, the results reve-

aled a high synergism effect between moxifloxa- 

cin, Penicillin and plant extract to inhibit biofilm 

formation of clinical Staphylococcus arueus. There 

are three exopolysaccharides have been appeared 

to be involved in biofilm production by P. aerugi-

nosa  including alginate, Psl, and Pel (Franklin et 

al., 2011). Psl is a mannose- plentiful polymer 

with an essential role in the prime stages of bio-

film formation by P. aeruginosa as well as in its 

stability. Psl build in a helical structure around 

these cells which increase the cell-to-surface and 

http://www.pjbt.org/
mailto:mohamedcy4@gmail.com
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cell-to-cell interaction indispensable for biofilm 

construction (Ma et al., 2006). “Manufacturing of 

Psl is intervene by the psl gene cluster(pslÁ-pslÓ) 

and the first gene of this operon is pslÁ2231 

which is most significant gene critical for Psl 

synthesis (Overhage et al., 2005, Ghafoor et al., 

2011). The goal of this study was empirical inves-

tigation for biofilm producers and prevalence of 

pslÁ gene in multidrug resistance P. aeruginosa 

isolated from Thi_Qar province patients. 
 

MATERIALS AND METHODS 

Assembling of specimens: Samples gathered from 

patients suffering from burns, wounds, respirat-

ory, and otitis media infections in different hospi-

tals of Thi_Qar province, during beginning of 

April until the terminus of September/2017, using 

two disposable sterile cotton swaps each speci-

men. There were 113 specimens from burns; wou-

nds, ear, and sputum are 32, 27, 29 and 25 respec-

tively. Patients included both male and female, 

different ages, diverse local regions and together 

urban and rustic habitat. According to Murray et 

al. (2007), the transportation of all specimens 

were immediately transferred to The Microbiology 

Laboratory - College of Science/ Thi_Qar Univer-

sity, for cultivating, identification and other tests.  

P. aeruginosa isolation and identification: Bas-

ed on Gillespie and Hawkey (2006), the cultivat-

ing on rich, differentiation and selective media, inc-

luded, 5% Blood sheep agar, Nutrient agar, Mac-

Conkey agar, Cetrimide agar, King agar, in conj-

unction with traditional biochemical tests compri-

sed; gram staining, oxidase, catalase, triple sugar 

iron agar(TSI), oxidation/ fermentation glucose, 

growth and non-growth overnight at 42°C and 4° 

C respectively were performed to characte-rize P. 

aeruginosa colony morphologically, cell micro-

scopically and metabolically. By analytical Profile 

Index (API) 20E Kit (BioMerieux, France) micro-

tubules enzymatically tests to support strains iden-

tification. Finally, the molecular detection using 

16S rRNA boosted by conventional PCR techni-

que standard on Persing et al., (2016), for obtain-

ing  pure isolates diagnostic at a species level, 

which stored in Brain Heart Infusion (BHI) broth; 

slant with agar and broth contain 30 % glycerol at 

refrigerator temperature and -20°C respectively 

for next experiments. 

Antibiogram test: The disk diffusion susceptibi 

lity method for antibiogram testing (Kirby- Bauer 

method) was performed according to guidelines of 

Clinical Labrotary Standard Institute (CL-SI), NC-

CLS, (2012). 

There were ten patterns of Antibiotic discs (Bio-

analyse–Turkey) used in this study included Cip-

rofloxacin (CIP-5µg/disk), Amikacin (AK-30µg/ 

disk), Netilmicin (NET-30 µg/disk), Ceftazidime 

(CAZ-30µg/disk), Cefepime (FEP-30µg/disk), Mer 

- openem (MEM-10µg/ disk), Piperacillin (PR- L-

100µg/disk), Aztreonam (AZT-30µg/disk), Tica- 

rcillin (TIC-75µg/disk) and Ticarcillin/Clavulanic 

acid (TCC-75/10 µg/ disk). Identical pure colonies 

of P. aeruginosa was presubcultured on nutrient 

agar (N.A) plates at37°C, resuspended the bacte-

rial suspension was adjusted to the turbidity at a 

McFarland standard no. 0.5 (1.5 x 108) CFU/ ml. 

The dried surface of Muller Hinton Agar (MHA) 

plate inoculated by streaking the swab over the 

entire sterile agar sur-face after ensured an even 

distribution of inoculums. The antibiotic test disks 

were applied firmly on the agar surface within 15 

min of inoculation of the plates. After an over-

night incubation at 37°C, zones of inhibition were 

measured and compared to the CLSI guidelines 

CLSI (2012).”Multidrug resistance (MDR) was 

defined as resistance to at least one item from 

every different three antibiotic categories and pan-

drugs resistance (PDR) was resist to all antibiotic 

tested as described by Magiorakos et al., (2011)."  

Quantitative biofilm formation assay: Quantita- 

tive biofilm production was determined using a 

semi-quantitative in vitro adherence using 96-well 

flat-bottomed polystyrene tissue culture plate (Co-

star2797/ Serocluster™-USA) assay as an indica-

tor of biofilm formation based on Stephanovic et 

al., (2007). In short; adequate pure identical colo-

nies, grown overnight on Tryptic soy agar (TSA) 

were suspended in a tryptic soy broth (TSB) supp-

lemented with 4% glucose, diluted 1:100. After 

that, aliquots of (0.1ml per-well) of each isolate 

suspension were then inoculated into eight- wells 

and wells containing TSB media (without bacte-

ria) served as a negative control. Incubated over-

night at 37°C. The contents of the wells discarded 

and well washed three times with 200µL of phos-

phate-buffered saline (pH 7.2). Subsequent, the 

plates should be drain. Then, fixation with 160 µL 

of 99 % methanol for 20min. The microtiter plates 

left to air dry overnight in an inverted position of 

Sequent. The adherent biofilm layer formed in ea-

ch well was stained with 165µl of 1 % crystal vio-

let tincture, for ¼ hour at room temperature. Later, 

washing and drying plate. The dye bound to the 

adherent cells was dissolved by adding 180μL of 

ethanol 96 % per well. Finally, the optical density 

(OD) of each well stained with crystal violet is 

measured at 570 nm using micro ELISA autorea- 

der (BioTek, ELx800-UK). The experiment was 

repeated three times separately for each strain and 

the average values were calculated with standard 

deviation (SD). The interpretation of biofilm pro-
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duction was done according to the criteria of Step-

anović et al.,(2000) as in Table 1. 
 

Table 1: Classification strength scope of biofilm formation. 

 

 

 

 

 

 

   

* ODc: The cut-off OD= 3x standard deviations above 

the mean OD of the negative control 
 

P. aeruginosa DNA extraction: Aliquot of 1.5 ml 

overnight reactivated growth in LB broth was 

added in 1.5 ml epndroff tube and centrifuged at 

12,000×g for 5 min. Then, removed the superna-

tant while the remaining pellet employed for 

extraction and purified total P. aeruginosa DNA 

based on manufacturer`s instructions recommen-

ded, by used commercial DNA extraction kit via 

Quick Bacteria Genomic DNA Extraction Kit 

(Dongsheng Biotech, China). After that, the final 

purified DNA quantitatively subjected to determ-

ine both concentration by (ng per µl) and purity 

by the ratio of dividing 260/280nm readings were 

measured via Nano Drop spectrophotometer dev-

ice (Avans Biotechnology, TAIWAN). Then, qua-

ntitatively detection of total bacterial DNA was 

performed by 1% agarose gel stained with ethi-

dium bromide using gel electrophoresis system 

(Bioneer-Korea) at 100V for ¼ h. Later, illumine-

ted under UV- transilluminator spectrophotometer 

Desktop Gel Imager (Optima, Japan) according to 

Sambrook and Russel et al., (2001). Finally, the 

genomic DNA was conserved at -20°C for future 

analyzes.  

PCR technique for detection 16S rRNA and 

pslÁ  genes: The reaction mixture of PCR was 25 

µL in a total volume containing; 12.5µL of premi- 

xed ready mastermix which mixed with forward 

and reverse primers (10 pmol/1μl) each, the speci-

fic primers of genes provide from AlphaDNA 

(Montreal, Canada) and their sequence listed in 

Table (2), 1 µL of extracted genomic DNA, and 

9.5 µL of nuclease-free double distilled water.  

 

Table 2: List primers for PCR detection of the biofilm pslA and 16S rRNA associated genes used in this study. 

 

Amplifications were carried out in Gradient 

Veriti TM 96-Well Thermal Cycler (Applied Bio-

systems, Singapore) thermo-controller.  A thermal 

step program  was used including the following 

parameters: firstly; for16S rRNA (1535 bp) ampli-

fication was used to diagnostic Pseudomonas, as 

aeruginosa species cited from Spilker et al., 

(2004). The reaction program was illustrated in 

Table (3). Secondly; biofilm production pslÁ (14-

37bp) gene, that thermal protocol amplified based 

upon Hou et al., (2012) demonstrated in Table (4). 

Both, amplified products were held at 4°C until 

analysis. Amplification products were analyzed 

using 1.7 % (w/v) agarose gel (promega-Korea) 

stained with ethidium bromide using 100 bp DNA 

ladder (Dongsheng Biotech, China) as reference 

guide in TBE electrophoresis, and visualized 

specific bands by illuminated under UV-Spectro-

photometer image analysis system according to 

Sambrook and Russel (2001) 
 

Table 3: PCR program and parameters amplification of 16S rRNAgene. 

No. Steps Temperature (°C) Period 

1 Initial denaturization 95 2 min 

2 

 

a Denaturation 94 20c se 

25 Cycles b Annealing 58 20 sec 

c Extension 72 40 sec 

3 Final extension 72 1 min 
 

           Table 4: PCR program and parameters amplification of biofilm pslÁgene. 

Biofilm 

ranking 
OD value 

Non OD≤ ODc* 

Weakly ODc< OD≤ 2×ODc 

Moderate 2× ODc<OD≤ 4×ODc 

Strong 4× ODc<OD 

Primer PCR Sequence (5'-3') 
Annealing 

temp (°C) 
Goal 

Amplicon  

size (bp) 
Position* 

PA-SS-F 

PA-SS-R 

GGGGGATCTTCGGACCTCA 

TCCTTAGAGTGCCCACCCG 
58 

P. aeruginosa 

detection 
956 

189-206 

1124-1144 

pslÁ -F1 

pslÁ -R1 

CACTGGACGTCTACTCCGACGATAT 

GTTTCTTGATCTTGTGCAGGGTGTC 
55 

Psl 

Expolysacchride 
1119 

1-25 

1095-1119 

No. Steps Temperature (°C) Period 

1 Initial denaturization 94 10 min 

2 

 

a Denaturation 94 30c se 

30 Cycles b Annealing 55 30 sec 

c Extension 72 1 min 

3 Final extension 72 10 min 
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Statistical Analysis: All experiments were perfor-
med at least in duplicate or triplicate, The Statis-
tical Analysis System- SAS (2012) program was 
used to effect of difference factors in study para-
meters. Chi-square test (χ2) was used to signific- 
ant compare between averages and percentages 
number isolates of values are recorded in the 
tables and figures. 
RESULTS AND DISCUSSION 
Isolation and identification of P.aeruginosa by 
traditional methods: The common microbiologi- 
cal detection methods appeared that of 113 
clinical specimens, there were just four given no 
growth, while 109 manifested positive culture, of 
this total there were 41 indicated as Pseudomo-
nas aeruginosa , the results of media growth and  
biochemical tests listed in Table 5. 
 

Table 5: Results of traditional microbiological detec-
tion methods P. aeruginosa. 

 

 For more accurate detection, the strip of API 20E 
metabolically and enzymatically assay. The resu-
lts revealed that of 109 there were 39 (35.8 %) 
specimens restricted with P. aeruginosa. Finally, 
the genotypic analysis via PCR reaction with spe-
cific 16S ribosomal RNA (956 pb) primer Figure 1, 
finishing the confused about diagnosis and conf-
irm the API 20E test proved that 39 specimens 
were the accurate conclusive outcome and within 
Pseudomonas aeruginosa distributed at 13/31 
35.5 %) burns, 8/26 (30.7%) wounds, 11/29 (34.5 
%) otitis, and 7/23 (30.4 %) sputum. there were 
no significant differences in percentages number 
isolates among isolating sources (Table 6).  
 

Table 6: Percentages specimens and number isolates 

from different isolating sources. 

Specimen sources 
No. and % of 

Specimens 

No. and % 

of  isolates 

Burns 31(28.4%) 13 (35.5%) 

Wounds 26(23.9%) 8 (30.7%) 

Respiratory Sputum 23(21.1%) 7 (20.4%) 

Ear swabs 29(26.6%) 11 (34.5%) 

Total 109(100.0%) 39 (35.78%) 

Chi-Square(χ2) 2.124 NS * 1.952 NS 

* (P<0.05), NS: Non-Significant. 
 

 

The result of specimens in recent search agreed 
in diagnostic but highest in percentage and num-
ber with Iraqi results of AL-Shamaa et al., (2016) 
that their isolated was just from burn infections 
showed of 111 there were 25 (22.5 %) P. aeru-
ginosa. This difference may be due to variation of 
isolating sources of present study. No doubt alw-
ays the common bacteriological methods for det-
ection not enough at level species and must be 
supported with modern automated tests like API 
20E strip assay and for increasing  precisely dete-
cted the molecular technique is useful and per-
fect suggested by Jaturapahu et al., (2005). 
P. aeruginosa DNA extraction: Determination of 

DNA concentration and purity were done using 

the Nanodrop device previously mentioned. The 

average DNA concentrations of the extracts were 

288.2 ng/µl and the purity was ranging 1.73-1.87. 

Molecular detection by 16S rRNA gene: Just 2 

isolates didn't match with 16S rRNA primer, that 

39 isolates were belong P. aeruginosa accurately, 

showed in Figure 1, genotypic detection is a pre-

cisely and favorable for bacterial diagnosis at 

species level other than traditional technique espe-

cially with P. aeruginosa  confirmed from Spilker 

et al., (2004). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 1: Gel electrophoresis of amplified PCR 

product of 16S rRNA gene (956 bp) in monoplex PCR 

at 70v for 90 min in 1.7 % agarose, TBE (1x), stained 

with ethidium bromide. Lane (2): DNA ladder (100bp), 

lane (1) negative control (without DNA), all the lanes 

were positive for the target gene except the lanes from 

(9-13) were negative result.  
 

No. Media and test Result 

1 Yellow on MacConkey agar + 

2 Lactose fermentation - 

3 Pyocinine on nutrient agar + 

4 Gram stain - 

5 Growth on Cetrimide agar at 44°C + 

6 Yellow greenish color on King A agar + 

7 Catalase + 

8 oxidase + 

9 Triple Sugar Iron slant Alk / Alk 

10 glucose oxidation + 

11 Growth at 42oC + 

12 No growth at 4oC _ 
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Antibiogram assay: Of 10 antibiotic items P. 

aeruginosa exhibited diversity in resistance phen-

omena, the isolates were a highest rate of resis-

tance against, Piperacillin, Ticarcillin, Ticarcillin/ 

Clavulanic acid, and Netilmicin and there was no 

significant difference among both these antibiotics 

(χ2=0.424) and sources of isolation (χ2=0.235) in 

resistance percentages at p<0.01. The rate impeda-

nce was high with Ceftazidime, Aztreonam, and 

Cefepime. The resistance percentage against Ami-

kacin, Ciprofloxacin, and Meropenem less and 

they were most effective with all isolates excepted 

burns isolates showed highly significant differe-

nce (χ2=9.466) at p<0.01 reluctance versus all 

antibiotics, Figure (2). The results of antibiogram 

exhibited 23/39 (59 %) were Multi-DR of these 

5/23 (217 %) were resistant to all the tested agents 

(pan-drug resistance/ PDR). This resistance is 

developing to Multi-DR phenomenal type in P. 

aeruginosa suggested by Hirsch and Tam, (2011) 

due to diversified mechanisms including outer 

membrane proteins (porins) loss, beta-lactamase 

production, multidrug efflux systems, and targets 

modifications. The Iraqi study by Al-Ammar and 

Al Maghathry (2017) showed the Acenitobacter 

bumannii is another multi-DR bacteria against 

variety antibiotic classes which increasing the 

treatment concern difficulty of nosocomial infec- 

tions besides P. areuginosa. Also, it was demon-

strated that local isolates of burn infections exhi-

bited obvious resistance to Imipenem and Mero-

penem (Ghaima et al., 2016). 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: The percentage resistance of antibiogram assay for P. aeruginosa isolates against 10 antibiotic items. 
 

Quantitative measurement of biofilm assem-

blage: Quantitative biofilm determination using 

the microtiter plate assay revealed that 33/39 (84.6 

%) isolates produced biofilm in different strength 

levels and the remaining 6 isolates were non-bio-

film producers (Figure 3). The burn isolates were 

more with strong biofilm7/13 (54.0 %) with adeq-

uate to be significantly than other strains, he large 

number of total isolates were strong (OD> 0.653) 

and moderate (0.327<OD≤0.653) biofilm grade 

and the weakly (0.158<OD≤0.317) and non- bio-

film (OD≤0.163) producers were more with otitis 

(ODc=0.158, data did not show). Although this 

results in this study less than in dominant 

percentage of biofilm producers by Corehtash et 

al., (2015) was 92.4% of P. aeruginosa isolates 

that form the biofilm detected by the same test, 

but remained in higher percentage of biofilm 

formation than non-formation isolates. The cur-

rent study compatible with what was found Aziz 

and Al-Jubori, (2017) the percentage of strong 

biofilm producers 57.3  % with same (OD≥0.67) 

of Klebsiella pneumonia isolated from Iraqi burn 

infections. The grade and strength of biofilm pro-

duction depend upon on site and type of infection, 

period of bacterial colonization, activity of host 

immunity, extracellular polymeric substances (E-

PS) composition and environmental adaptation, 

therefore; there are diversity in bacterial capability 

of biofilm formation not just among genus but 

among the same species too (Hall-Stoodley and 

Stoodley, 2009). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Quantitative biofilm formation of P. aeruginosa isolates estimated by micro-titer plate assay. 
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PCR technique and genotypic detection of bio-

film pslÁ gene: The amplification product of pslÁ 

gene for a number of P. aeruginosa isolates (1119 

bp) was showed in Figure (4), there were 35/39 

(90.0%) carriage the psl Á gene, one and two from 

both burns, wounds and otitis isolates respectively 

didn't carry this gene. The result of prevalence and 

harboring for pslÁ gene in P. aeruginosa iso-lates 

in recent work was highly percentage than Iranian 

studies of Emami et al., (2015) and Heydari and 

Eftekhar, (2015) were 42.9% and 52% respectiv-

ely. In this research there was a relationship obse-

rved between antibiotic resistance profiles with 

both biofilm-positive and bio-film-negative isola-

tes, by mean, biofilm producers have been more 

resistance to most antibiotics than non-producer 

strains, and all isolates showed as both PDR and 

MDR in antibiogram test were gave a very strong 

biofilm formation and own pslÁ gene (figure 5). 

According to Gaddy and Actis (2009) the  multi-

drug resistance correlates with the ability to form 

biofilm on abiotic and biologi- cal surfaces. The 

working by Drenkard Ausubel  (2002) were found 

that the antibiotic-resistant variants of P. aerugi-

nosa had high ability to form biofilm both in vivo 

and in vitro, which by Bolaji et al., (2011) exp-

licated that the transferring of such high-resistance 

isolates can occur in environ-ments such as grou-

ndwater or somehow in health-care centers and 

clinical instruments where it becomes a potential 

risk for the human health. To evaluate the essen-

tial role of pslÁ in biofilm formation the study by 

Overhage et al., (2005) generated a non-polar iso-

genic pslA knockout mutant of P. aeruginosa. The 

observation of this mutant was impaired in attac-

hment and biofilm formation and the mutant sho-

wed about 30% less attachment to tissue culture 

plates than the respective wild type. In another 

working by Ghafoor et al., (2011) found that pslA 

mutant was still able to form biofilm, but this bio-

film was flat, fragile and much more compact than 

the biofilm formed by all other studied mutants, 

and both live and dead cells were present in this 

biofilm. From suggestion of Emami et al., (2015) 

emphasized that it seems the pslÁ gene had asso-

ciation with biofilm formation, since it was widely 

distributed among the biofilm-producing isolates. 

These results showed that the pslÁ gene was an 

important factor to form biofilm. However, since 

this gene was found in all the biofilm producers 

including strong and weaker isolates, perhaps 

there were other genes or factors that played role 

in forming biofilm, Therefore, it should be consi-

dering investigating other genetic and phenotypic 

factors for more future studies. 

                                                .

 

 

 

 

 

 

 

 

 

 
Figure 4: Gel electrophoresis of amplified PCR products of biofilm pslA gene (1119 bp) in monoplex PCR at70vfor 90 

min in 1.7% agarose, TBE (1x), stained with ethidium bromide. Lane (2,9 and 12): DNA ladder (100bp), lane (1) negative 

control (without DNA), all the lanes were positive for the target gene except the lanes from (6-15) were negative results. 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 5: Relationship among biofilm categories, antibiotics resistance, and pslÁ prevalence of P. aeruginosa isolates.   
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CONCLUSION  

In conclusion, biofilm production has been 

measured as an important determinant of Pseu-

domonas aeruginosa pathogenicity, which have 

been implicated in virtually every human infection 

especially with nosocomial type and particularly 

recalcitrant to antibiotic compounds and can per-

sist despite sustained host defenses. On another 

hand, the present study was the first report which 

investigates about the pslÁ gene in Iraq that has an 

important association with the ability biofilm for-

mation regardless as strong or moderate in P. aer-

uginosa isolates recovered from variety infections. 

Also, the current study suggests the need to deve-

lop and to introduce a novel agents like-drug for 

biofilm mode of pathogens eradication as a part of 

clinical care, especially for patients suffered with 

diversity nosocomial infections. 
 

REFERENCES 

Al-Ammar, M. and A.S. Al Maghathry,  Molecu-

lar detection of antibiotic resistance genes of 

Acenitobacter bumannii. Pak. J. Biotechnol. 

14: 777–83 (2017). 

Al-Mousawi, A.H. and  S.J. Al-Kaabi, Effect of 

ziziphus spina christy extract in biofilm for-

mation of methicillin resistance Staphylo-

coccus aureus and Staphylococcus haemo-

lyticus. Pak. J.Biotechnol. 14: 791–95 (2017). 

AL-Shamaa, N.F.K., Abu- Risha, R.A. and M.A. 

AL-Faham, Virulence genes profile of pseu-

domonas aeruginosa local isolates from 

burns and wounds. Iraqi Journal of Biotec-

hnology 15(3): 31–39 (2016). 

Aziz, R.A.R.  and S.S. Al-Jubori,  Characterizat-

ion of biofilm production in antibiotic resist-

ant klebsiella pneumonia isolated from diffe-

rent clinical samples in iraqi hospitals. 

Journal of Global Pharma Technology 2: 

26–34 (2017). 

Bolaji, A.S., Akande, I.O., Iromini, F.A., 

Adewoye, S.O. and O.A. Opasola,  Antibio- 

tic resistance pattern of bacteria spp isolated 

from hospital waste water in Ede South 

Western, Nigeria. European Journal of 

Experimental Biology  1:  66–71(2011). 

CLSI, Performance standards for antimicrobial 

disk susceptibility tests. Approved Atandard 

Clinical and Laboratory Standars Institute - 

NCCLS, Eleventh edition. 32(1): 11-36 

(2012).   

Corehtash, Z.G., Khorshidi, A., Firoozeh, F., 

Akbari, H. and A.M. Aznaveh, Biofilm for-

mation and virulence factors among pseu-

domonas aeruginosa isolated from burn 

patients. Jundishapur Journal of Microbio-

logy  8(10) : 1-6 (2015). 

Drenkard, E. and F.M. Ausubel, Pseudomonas 

biofilm formation and antibiotic resistance 

are linked to phenotypic variation. Nature 

416:  740–43 (2002).  

Emami, S., Nikokar, I., Ghasemi, Y., Ebrahim-

pour, M., Ebrahim-Saraie, H.S., Araghian, 

A. et al., ‘Antibiotic resistance pattern and 

distribution of psla gene among biofilm  

 

        producing Pseudomonas aeruginosa isolated 

from waste water of a burn center’, Jundi-

shapur Journal of Microbiology 8(11): 1-5 

(2015).  

Franklin, M.J., Nivens, D.E., Weadge, J.T. and P. 

L. Howell, Biosynthesis of the Pseudomonas 

aeruginosa extracellular polysaccharides, 

alginate, pel, and psl. Frontiers in Micro-

biology 2: 1–16 (2011). 

Gaddy, J.A. and L.A. Actis, Regulation of Acine-

tobacter baumannii biofilm formation. 

Future Microbiol. 4: 273–78 (2009).  

Ghafoor, A., Hay, I.D. and B.H.A. Rehm, Role of 

exopolysaccharides in Pseudomonas aerugi-

nosa biofilm formation and architecture. 

Applied and Environmental Microbiology 

77: 5238–46 (2011).   

Ghaima K.K., Saadedin, S.M.K. and K.A. Jassim, 

Prevalence of blaOXA Like Carbapenemase 

Genes   in Multidrug Resistant Acinetobac- 

ter baumannii isolated from burns and wou-

nds in Baghdad Hospitals. Res. J. Pharma-

ceut Biologic Chem. Sci. 7(3): 1247 (2016). 

Gillespie, S.H. and P.M. Hawkey, Principles and 

Practice of Clinical Bacteriology 2nd, John 

Wiley and Sons Ltd., England Pp. 620  

(2006).  

Hall-Stoodley, L. and P. Stoodley, Evolving con-

cepts in biofilm infections. Cellular Micro-

biology 11: 1034–43 (2009).  

Heydari, S. and F. Eftekhar, Biofilm formation 

and β-lactamase production in burn isolates 

of Pseudomonas aeruginosa. Jundishapur 

Journal Microbiology 8(3): 1-5 (2015). 

Hirsch, E.B. and V.H. Tam, Impact of multidrug-

resistant Pseudomonas aeruginosa infection 

on patient outcomes. Expert Review of Phar-

macoeconomics and Outcomes Research 10: 

1–18 (2011). 

Hou, W., Sun, X., Wang, Z. and y. Zhang,  Bio-

film-forming capacity of Staphylococcus 

epidermidis, Staphylococcus aureus, and 

Pseudomonas aeruginosa from ocular 

infections. Investigative Ophthalmology and 

Visual Science 53: 5624–31 (2012).  

Ma, L., Jackson, K.D., Landry, R.M., Parsek, 



             M.A.S. Issa et al.,                                                                                                                          Pak. J. Biotechnol. 678 

M.R. and D.J. Wozniak, Analysis of Pseu-

domonas aeruginosa conditional psl variants 

reveals roles for the psl polysaccharide in 

adhesion and maintaining biofilm structure 

postattachment. Journal of Bacteriology 

188:  8213–21 (2006).  

Magiorakos, A., Srinivasan, A., Carey, R.B., 

Carmeli,Y., Falagas, M.E., Giske, C.G. et al, 

Multidrug-resistant, extensively drug-resis-

tant and pandrug-resistant bacteria: an inter-

national expert proposal for interim standard 

definitions for acquired resistance. Micro-

biology 18: 268–81(2011).  

Murray, P.R., Baron, E.J., Jorgensen, J.H., 

Landry, M.L. and M.A. Pfaller, Manual of 

Clinical Microbiology. 9th Ed. American 

Society for Microbiology 1: 1-2399 (2007). 

Overhage, J., Schemionek, M., J Webb, J.S. and 

B.H.A. Rehm, Expression of the Psl Operon 

in Pseudomonas aeruginosa PAO1 Biofi-

lms: PslA Performs an Essential Function in 

Biofilm Formation. Applied and Environ-

mental Microbiology 71: 4407–13 (2005). 

Persing, David H., Fred C. Tenover, F.C.,. 

Hayden, R.T., Ieven, M., Miller, M.B., 

Nolte, F.S., et al,  Molecular Microbiology 

Diagnostic principles and practice, Third 

edit. The American Society for Microbiology  

Pp. 1-852 (2016). 

Rasamiravaka, T., Labtani,Q.,  Duez, P. and M.E. 

I. Jaziri, The formation of biofilms by pseu-

domonas aeruginosa: a review of the natural 

and synthetic compounds interfering with 

control mechanisms; BioMed Research Int-

ernational 1-17(2015).  

Sambrook, J. and D.W. Russel, Molecular Clon-

ing, 3-Volume Set : A Laboratory Manual’, 

Cold Spring Harboc Laboratory Press, 

(2001). 

Spilker, T., Coenye, T., Peter Vandamme, P. and 

J.J. Lipuma, PCR-Based assay for differen- 

tiation of pseudomonas aeruginosa from 

other pseudomonas species recovered from 

cystic fibrosis patients. Journal of Clinical 

Microbiology, 42: 2074–79  (2004). 

Stepanović, S., Vuković, D., Dakić, I., Savić, B. 

and M. Švabić-Vlahović, A modified micro-

titer-plate test for quantification of staphylo-

coccal biofilm formation. Journal of Micro-

biological Methods 40 : 175–79 (2000). 

 Stephanovic, S., Vukovic, D., Hola, V., di Bona-

ventura, G., Slobodanka Djukic, S., Irkovic, 

I. et al., ‘Quantification of biofilm in micro-

titer plates: overview of testing conditions 

and practical recommendations for assess-

ment of biofilm production by staphylo-

cocci. Apmis 115: 891–99 (2007). 

Thammanoon, J., Puttinaowarat, S. and T.Somsiri, 

Detection and identification of Pseudomonas 

spp . by polymerase chain reaction-reverse 

cross-blot hybridization (PCR-RCBH) with 

16S-23S ribosomal RNA intergenic spacer 

probes. Diseases in Asian Aquaculture 447–

56 (2005). 

 


