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Abstract: Pseudomonas aeruginosa is the most common opportunistic pathogen causing morbidity and 

mortality in hospitalized patients due to its multiple resistance mechanisms. Therefore, as a therapeutic 

option becomes restricted, the search for a new agent is a preference. So P. aeruginosa is an extremely 

versatile Gram-negative bacterium capable of thriving in a broad spectrum of environments, and this 

performs main problems to workers in the field of health. One hundred and fifty samples were collected 

from different sources from Baghdad hospitals, divided into two main groups: clinical (100) specimens 

and (50) samples as an environmental, collected from October 2019 to the March 2020. All of these 

samples were cultured by specific and differential media, Forty six isolates of P. aeruginosa bacteria were 

identified by using microscopic examination, biochemical tests and confirmed by VITEK-2 compact 

system. The antibiotic sensitivity test recognized for all bacterial isolates and the results showed high 

resistant to Amikacin, Cefepime, Ciprofloxacin, Gentamicin, Meropenem, Piperacilin, Ticarcillin, 

Ticarcillin/Clavulanic Acid and Tobramycin, and high sensitive to Ceftazidime, Colistin and Imipenem. 

Biofilm formation were detection by using Microtiter plate method, were results includes out of 23 

isolates, three (13%) were formed as weak biofilm, seven (30.4 %) were developed as moderate biofilm, 

whereas eleven (47.8%) were constituted as strong biofilm, while only two (8.6%) was unable to form 

biofilm. 
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Introduction 

 

Pseudomonas aeruginosa is Gram-

negative bacterium, rod-shaped, an 

opportunistic pathogen responsible for 

serious infections and nosocomial 

outbreaks world-wide. Its produces an 

extracellular biofilm matrix that 

consists of nucleic acids, lipid vesicles, 

exopolysaccharides, and proteins (1). P. 

aeruginosa can develop antimicrobial 

resistance either through acquisition of 

resistance genes on the plasmid or 

mutational processes that alter the 

expression and/or function of 

chromosomally encoded mechanisms. 

Both strategies for developing drug 

resistance can severely limit the 

therapeutic options for serious 

infections treatment (2). 

Infections caused by multi-drug 

resistance (MDR) P. aeruginosa are 

associated with significant increases in 

morbidity, mortality, need for surgical 
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intervention double the length of 

hospitalization and overall cost of 

patient care (3). P. aeruginosa signifies 

an unusual phenomenon of 

antimicrobial resistance among 

pathogens since practically all known 

mechanisms of resistance are found in 

this organism including decreased outer 

membrane permeability, penicillin 

binding protein modification, increased 

expression of efflux pumps system,  

alginate and enzymatic inactivation of 

antibiotics (4). 

Pseudomonas aeruginosa have 

more than virulence factor one of the 

most dangerous is biofilm. The 

formation of biofilm begins with a 

reversible attachment of the planktonic 

cells followed by the adhesion to the 

surface, the bacteria then form a 

monolayer and irreversibly attach by 

producing an extracellular matrix. Next, 

a micro colony is formed where 

multilayers appear. During later stages, 

the biofilm is mature, forming 

characteristic “mushroom” structures 

due the polysaccharides. Finally, some 

cells start to detach and the biofilm will 

disperse (5,6). 

The aim of study is isolation and 

identification of multi-drugs resistance 

of P. aeruginosa from clinical and 

environmental samples. 

 

Materials and Methods 

 

Specimens Collection 
 

Through the period from October 

2019 to March 2020, one hundred 

different clinical specimens were 

collected from patients referring several 

hospitals in Baghdad. Furthermore, fifty 

environmental samples were collected 

from the same hospitals. 

The collected specimens were burn 

swab (n =41), wound swab (n =21), ear 

swab (n =10), mid-stream urine (n =12), 

Broncho alveolar lavage (BAL) (n =9), 

sputum (n =7), and environmental 

samples were operating room (n =8), 

emergency tools (n=7), hospital floor 

(n=13), patient bed (n=10), patient room 

(n=9), cleaning water (n=3). 

 

Bacterial Isolation 

 

All clinical and environmental 

samples were cultured by streaking on 

Blood agar, MacConkey agar and 

Cetrimide agar, incubated for 24 hours 

at 37ºC. This isolates may belong to P. 

aeruginosa growth on Cetrimide agar 

which is the selective media for P. 

aeruginosa. 

 

Bacterial Identification 

 

The colonies morphology on Blood 

agar, MacConkey agar and Cetrimide 

agar was depended initially to identify 

bacterial isolates, colony shape, texture, 

colour and edges were examined. In 

addition to macroscopic characteristics; 

microscopic examination of a gram-

stained slide was examined under a 

light microscope with special regard 

towards cell shape and arrangement. 

Performing conventional biochemical 

tests and VITEK 2 compact system was 

depended to complete the identification. 

 

Antibiotic susceptibility test 

 

The susceptibility of Pseudomonas 

aeruginosa isolates to antibiotics 

(Amikacin, Cefepime, Ceftazidime, 

Ciprofloxacin, Colistin, Gentamicin, 

Imipenem, Meropenem, Piperacilin, 

Ticarcillin, Ticarcillin/Clavulanic Acid 

and Tobramycin) were tested by using 
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VITEK 2 Compact system Gram 

Negative Susceptibility using software 

version 5.01 and AST-GN76 

(Pseudomonas aeruginosa) cards 

according to the manufacturer's 

instructions. 

  

Microtiter plate method 

 

The microtiter plate method is 

based on crystal violet staining and 

measuring of optical density (OD), to 

estimate biofilm intensity, absorbance 

was determined at 630nm by ELISA 

reader. The absorbance values 

represented the intensity of the biofilm 

thickness that formed by the studied 

isolates on the surface of microtiter 

well. The obtained results were 

categorized into four groups (non-

biofilm producer, weak, moderate, and 

strong), after calculating the biofilm 

formation capacity for all tested isolates 

and negative controls, the cut-off value 

(ODc) was established. It is defined as 

three standard deviations (SD) above 

the mean OD of the negative control: 

ODc value was calculated for each 

microtiter plate separately. When a 

negative value was obtained, it 

presented as zero, while any positive 

value was an indicator for biofilm 

production (7). 

 

Results and Discussion 
 

Isolation and Identification of 

Pseudomonas aeruginosa 

 

Out of One hundred and fifty 

clinical and environmental samples 

were analyzed for the presence of P. 

aeruginosa, the results of identification 

revealed the detection of fifty four 

isolates of Pseudomonas spp. 

Only 54 isolates (36%) were able to 

grow on cetrimide agar at  which is the 

selective media for Pseudomonas spp., 

the colony characters appears on 

cetrimide agar plates was mucoid, 

smooth in shape with flat edges and 

elevated center, have fruity odor and 

creamy color, as in Figure (1).  

 

 

 
Figure (1): Pseudomonas aeruginosa colonies on Cetrimide agar. 

Biochemical tests 

 

Some biochemical tests were 

performed for more validation, showed 

46 isolates of P. aeruginosa provided 

by some biochemical tests, results 

showed positive results for oxidase test, 

catalase test and production of B-

hemolysis on blood agar, negative to 

Gram’s stain and capable of growing on 
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cetrimide agar as blue greenish colonies 

(at 37˚C for 24 hrs.). 

All isolates were positive for 

oxidase, which is considered as an 

important diagnostic test for                 

P. aeruginosa. This enzyme activates an 

electron transport among donor bacteria 

and pigment, which is reduced              

to dark purple color due to the ability to 

produce cytochrome oxidase             

(that oxidase tetramethyl-p-

phenylenediamine). Moreover, all 

isolates were positive for catalase test 

due to the ability to produce catalase 

enzyme (that reduce hydrogen peroxide 

to water and oxygen gas bubbles) (8). 

Only 46 isolates were capable of 

growing on cetrimide agar (at 42˚C for 

24 hrs.), the growth at 42C is 

considered an important diagnostic 

characteristic for P. aeruginosa among 

other species of Pseudomonas genus, 

like P. putida and P. fluorescences that 

grow at 4˚C, but not 42˚C (9). 

 

Antibiotic susceptibility test 

 

Antibiotic susceptibility test were 

performed to twenty Pseudomonas 

aeruginosa isolates by using VITEK 2 

Compact system and the results reveled 

on figure (2). 

 
Figure (2): Multidrug Resistance Pattern of P. aeruginosa Isolates. 

 
The result revealed the same 

susceptibility pattern of P. aeruginosa 

isolates toward Amikacin, Cefepime, 

Gentamicin, Meropenem, Piperacilin, 

Ticarcillin, Ticarcillin/Clavulanic Acid 

and Tobramycin with 70% and 30% of 

the isolates were resistant and sensitive 

respectively. The highest sensitivity 

percentage was found toward Colistin in 

which all the isolates were sensitive. 

Moreover, with Ceftazidime 60% of the 

isolates were sensitive while only 40% 

isolates were resistance. However, 50% 

of the tested isolates were resistance to 

Imipenem and the same percentage 

were sensitive to the same antibiotics. 

The result of Ciprofloxacin 

resistance (60%) in current study, was 

in agreement with previous local study 

(61.3%) reported by Othman et al. 

(2014) (10). Likewise, agreement was 

achieved with another previous local 

study (58.13%) obtained by 

Abdulammer et al. (2018) (11). Also 

there was an agreement with 

international studies that showed higher 

resistant rates. Among them, by Javiya 

et al. (2008) (12) recorded (69.64%), 

and (64%) obtained by Nouri et al. 

(2016) (13). On contrary, the result of 

current study came to disagree with 

previous researchers who stated that 
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only 29 % Nader et al. (2017) (14) and 

28.9% Al-Marjani et al. (2014) (15) of 

P. aeruginosa isolates were resistant to 

Ciprofloxacin. Moreover, (35%) were 

resistance in local study reported by 

Dakhl et al. (2016) (16). While, the 

resistance against aminoglycosides 

(Amikacin, Gentamicin and 

tobramycin) in current study (70%) was 

higher than those of a local study 

(46.96%) carried out by Nader et al. 

(2017) (14). Likewise, it goes along 

with a Brazilian study obtained by 

Araujo et al. (2016) (17). While, the 

result of Imipenem and Meropenem was 

50% and 70% respectively in the 

present study is higher than the result of 

a local study 18.18% obtained by Nader 

et al. (2017) (14). 

In regarding to cefepime and 

ceftazidime, the present findings had 

lower resistance (70%) and (40%) 

respectively than Nader et al. (2017) 

(14) percentage of (81.81%). In the 

current study Colistin therapy was 

highly effective with 100% sensitivity. 

On contrary, local study reported that 

22.4% of P. aeruginosa isolates were 

resistance by Shehab et al. (2019)  (18). 

P. aeruginosa is considered as a major 

cause of hospital-acquired infections 

due to its high antibacterial resistance 

by Emami et al. (2015) (19). This 

ability is either normal or acquired 

through mutations in their genetic 

material or through the horizontal 

transference of genes by Saderi et al. 

(2015) (20). 

The results of present study were 

compatible with other local studies. A 

study reported by Shilba et al. (2015) 

(21) established that the highest 

resistance was against gentamicin; 

whereas another study found that the 

resistance of P. aeruginosa isolates to 

gentamicin was (100%) by Al-Daraghi 

et al. (2020)  (22). Moreover, a 

percentage of (61.3%) was recorded 

towards ciprofloxacin by Othman et al. 

(2014) (10). 

 An agreement was achieved with 

other international studies as well. 

About (65%) of isolates were 

susceptible to ciprofloxacin by Grillon 

et al. (2016) (23). Also (46.96%) and 

(34.84%) were reached against 

gentamicin and ciprofloxacin, 

respectively by Nader et al. (2017) (14). 

Furthermore, The obtained Ceftazidime 

resistance in the current study was 

higher when compared to the results of 

Gailienė et al. (2007)  (24). Also, the 

results of the present study disagree 

with a study done in Jordan by Al 

Dawodeyah et al. (2018)  (1). Likewise, 

the results of resistance for amikacin 

antibiotics, which belong to 

aminoglycosides class, show that (70 

%) of isolates were resistant. This result 

agrees with a study indicated that the 

resistance percentage to amikacin was 

(70.5%) by Al-Sheikhly et al. (2020) 

(25). And with another study indicated 

that the resistance percentage to 

amikacin was (75%) by Al-Salihi et al. 

(2014) (26). This result disagrees 

separately with two studies reported the 

similar percentage of resistance (18%) 

by Al-Taai et al. (2016) (27), Sharma et 

al. (2016) (28). 

Aminoglycosides, such as 

gentamicin are multifunctional 

hydrophilic sugars that possess several 

amino and hydroxyl functionalities that 

are able to inhibit prokaryotic protein 

synthesis in bacterial cell by binding to 

30S subunit of the ribosome, and 

changing the conformation of the A site 

to one that resembles the one induced 

by interaction between cognate tRNA 

and mRNA by Juayang et al. (2017)  

(29). 
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The primary resistance mechanism 

in Pseudomonas spp. against 

aminoglycoside antibiotics is enzymatic 

modification by aminoglycoside 

modifying enzymes that are divided   

into acetyl-transferases, phosphor 

transferases, and nucleotidyl 

transferases by Cox et al. (2015) (30). 

To overcome this problem, new 

semisynthetic aminoglycosides were 

developed in the 70s. The most widely 

used semi synthetic aminoglycoside is 

amikacin, which is refractory to most 

aminoglycoside modifying enzymes by 

Ramirez et al. (2017) (31). In addition, 

this resistance to amikacin is due to 

abundant secretion of alginate by 

bacteria, which are associated with the 

positive charge of antibiotics that 

belong to aminoglycosides class and 

prevents its spread within the cell by 

Lambert et al. (2002) (32). 

On the other hand, the current 

results showed less resistance 

percentage, (53.34%) and (36.67%), 

against imipenem and ceftazidime, 

respectively. The result of imipenem in 

current study agree to some extent with 

a local study carried out in Karbala 

province by (21), she reported (60%) 

resistance. On contrary, by Al-Dulami 

et al. (2017) (33) demonstrated a much 

lower resistance (9.8%) against 

imipenem. While, in this study, P. 

aeruginosa isolates have revealed 

resistance (40%) for the third generation 

of cephalosporin, ceftazidime. This 

result was incompatible with the finding 

of local study (51.67%) by Shilba et al. 

(2015) (21). Similarly, by Al-Doory et 

al. (2012)  (34) reported that (61.6%) of 

his isolates were resistant to 

ceftazidime, alongside with by Al-

Dulami et al. (2017) (33) who reported 

a percentage of (68.6%). The reason 

behind the bacterial resistance to these 

antibiotics is due to the production of β-

lactamase enzymes which act to 

destroyed β-lactams ring thereby leads 

to modification of antibiotics structure 

and spoilage their effects by Boehr et 

al. (2003)  (35). 

 

Microtiter plate method 

 

In this study the absorbance values 

represented the intensity of the biofilm 

thickness that formed by the studied 

isolates on the surface of microtiter 

well. The obtained results were 

categorized into four groups (non-

biofilm producer, weak, moderate, and 

strong). The results are summarized in 

Table (1). 

  
Table (1): The percentage of P. aeruginosa biofilm intensity based on source of isolate. 

Samples 

(No. of Isolates) 

Non-biofilm 

producer 

Weak (%) 
 

Moderate 

(%) 

Strong (%) 
 

Burn (8) 0 (0%) 1 (12.5%) 2 (25%) 5 (62.5%) 

Wound (5) 1 (20%) 1 (20%) 1 (20%) 2 (40%) 

Mid-Stream Urine (3) 0 (0%) 1 (33.3%) 1 (33.3%) 1 (33.3%) 

Bronchoalveolar lavage (2) 0 (0%) 0 (0%) 1 (50%) 1 (50%) 

Ear (2) 1 (50%) 0 (0%) 1 (50%) 0 (0%) 

Sputum (1) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 

Environmental (2) 0 (0%) 0 (0%) 0 (0%) 2 (100%) 

Total (23) 2 (8.6%) 3 (13%) 7 (30.4%) 11 (47.8%) 

According to the above results 

listed in ‎Table (1), this study includes 

out of 23 ‎isolates, three (13%) were 

formed as ‎weak biofilm, seven (30.4 %) 

were ‎developed as moderate biofilm, 

whereas ‎eleven (47.8%) were 
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constituted as ‎strong biofilm, while only 

two (8.6%) ‎was unable to form biofilm.‎  

The differences in biofilm 

formation ‎among isolates might be 

owing to ‎several reasons, differences of 

isolates ‎capacity to form biofilm or 

perhaps ‎differences in primary number 

of cells ‎that succeeded in adherence and 

‎differences of quality and quantity of 

‎quorum sensing signaling molecules 

‎‎(auto inducers) that produced from each 

‎isolate to play important roles. A part 

‎form moderate biofilm, there is no 

‎specific pattern governs the distribution 

‎of biofilm intensity among specimens. 

‎I.e. each biofilm intensity is a 

specimen-‎specific. Perhaps the reason 

behind such ‎findings is the variation in 

genetic ‎makeup of each strain by EA 

Abd Al ‎Rhman et al.  (2018) (36).‎  

In local study in Baghdad province\ 

Iraq ‎Included that the differences in 

biofilm ‎thickness, 25 isolates distributed 

as ‎follows (burn 7, mid-Stream Urine 7, 

‎wound 5, bronchoalveolar lavage 2, 

‎sputum 3 and ear 1) the results showed 

‎three (12 %) as weak biofilm, fourteen 

(56%) as moderate biofilm, whereas 

‎seven (28%) as strong biofilm, while 

‎only one (4%) was unable to form 

‎biofilm by Al-Sheikhly et al.  (2020)  

(25).‎ 

 

 Conclusion 

 ‎ 
1. ‎The high prevalence of P. 

aeruginosa ‎was located in burn 

followed by wound.‎ 

2. ‎The highest frequency resistance was 

‎against aminoglycosides (Amikacin 

& ‎Gentamicin) and fluoroquinolones 

‎‎(Ciprofloxacin) while the less 

resistance ‎was against Colistin 

followed by ‎Ceftazidime, then 

Imipenem.‎ 

3. ‎Biofilm formation is variable in 

terms ‎of density, most of it is strong, 

followed ‎by medium and then weak 

and not ‎forming the biofilm. ‎ 
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