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Abstract  
     Pseudomonas aeruginosa is a notorious opportunistic pathogen that frequently 

causes hospital-acquired infections, particularly in burn wounds and urinary tract 

infections, and is consistently ranked among the top three most common Gram-

negative pathogens associated with these types of infections. During a period of 4 

months, from 8/2021 to 11/2021, 65 samples were collected from patients suffered 

from burns, wounds, and UTIs infections in three hospitals in Baghdad. The 

conventional cultural identity of the isolates was confirmed by the results of the 

VITEK 2 system. Molecular identification of P. aeruginosa isolates based on 16S 

rRNA gene amplification and sequencing was done, followed by testing antibiotic 

susceptibility profile for the isolates. Ultraviolet C (UVC) was employed to cause 

mutations in five P. aeruginosa isolates at different times (30, 90, 180, and 360 

seconds) by using the UV transilluminator. The results of the mutation revealed that 

the viability of all five isolates decreased over time after exposure to UV light at 

various time periods. Notably, the P1 isolate exhibited a significantly stronger 

response to UVC radiation compared to the other four isolates, suggesting a unique 

sensitivity to this type of mutagenic stress. Mutated P. aeruginosa P1 isolate 

revealed that while bacterial cell viability decreased within time, the isolate became 

more sensitive toward the antibiotics ciprofloxacin, colistin, gentamycin, and 

Imipenem after mutation for different times. Additionally, P1 isolates showed 

changes in responses from resistant to susceptible toward the antibiotics Aztreonam, 

Cefotaxime , and Levofloxacin, while other antibiotics like Piperacillin-tazobactum 

,Ceftriaxone and Ceftazidime showed the same results in P1 isolates before and 

after mutation. 
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  الخلاصة 
       ( الزنجارية  الزائفة  الانتهازيةPseudomonas aeruginosaتعد  الأمراض  مسببات  أحد  و   (  السيئة 

، وخاصة في جروح الحروق والتهابات  العدوى المكتسبة من المستشفيات،    في كثير من الاحيان   التي تسبب
بهذه   المرتبطة  الجرام شيوعًا  سلبية  أمراض  مسببات  ثلاثة  أكثر  بين  من  باستمرار  وتصنف  البولية،  المسالك 

  بكتيرية   عينة  65تم جمع    2021تشرين الثاني  الى    2021اب  اشهر من    4. خلال مدة  الأنواع من العدوى 
التأكد    من المرضى المصابين بالحروق والجروح والتهابات المسالك البولية في ثلاثة مستشفيات في بغداد. تم

التقليدية  بالطريقة  البكتيري  الزرع  نتائج نظام    من  تم إجراء  VITEK 2للعزلات من خلال  الجزيئي    الكشف . 
الرنا    P. aeruginosaلعزلات   جينات  وتسلسل  تضخيم  أساس  ) على  عن  (16Sالرايبوسي  الكشف  يليه   ،

نوع س    حساسية العزلات عن طريق اختبار الحساسية للمضادات الحيوية. تم استخدام الأشعة فوق البنفسجية 
 (UVC  من في خمس عزلات  طفرات  )   P. aeruginosa( لإحداث  مختلفة  أوقات  و    180،  90،  30في 

الأشعة فوق البنفسجية. أظهرت نتائج الطفرة أن حيوية العزلات الخمس انخفضت    مولد ثانية( باستخدام    360
أوقات مختلفة.   البنفسجية في  فوق  للأشعة  التعرض  بعد  الوقت  بالذكر أن عزل  مع مرور  الجدير    P1ومن 

مقارنة بالعزلات الأربع الأخرى، مما يشير إلى حساسية فريدة    UVCأظهر استجابة أقوى بشكل ملحوظ لأشعة  
المتحورة أنه بينما انخفضت    P. aeruginosa P1. كشفت عزلة  لهذا النوع من الإجهاد المسبب للطفرات.

الحيوية    حيوية المضادات  تجاه  حساسية  أكثر  العزلة  أصبحت  الوقت،  مرور  مع  البكتيرية  الخلايا 
ذلك،   إلى  بالإضافة  مختلفة.  لأوقات  طفرة  حدوث  بعد  وإيميبينيم  وجنتاميسين  وكوليستين  سيبروفلوكساسين 

ازتريونام و    تغيرات في الاستجابات من المقاومة إلى الحساسة تجاه المضادات الحيوية   P1أظهرت العزلات  
ليفوفلاكساسين و  مثلسيفوتاكسيم  الأخرى  الحيوية  المضادات  أظهرت  حين  في  و  -بايبراسيلين  ،  تازوباكتم 

 قبل وبعد الطفرة. P1نفس النتائج في العزلات  سيفرياكسون و سيفتازيديم 
 

Introduction 

     Pseudomonas aeruginosa is a Gram-negative rod-shaped bacterium that belonging to the 

bacterial family Pseudomonadaceae [1]. It is commonly found in wet settings, such as 

sewage, water and soil. It is also present in fresh water sources, typically in tanks that have 

been contaminated by human or animal waste. Within hospital settings, P. aeruginosa has 

been isolated from equipment that contains or uses water. The transmission of bacteria can 

occur through two main routes in hospital settings: via the hands of healthcare workers or 

through patients directly contacting contaminated surfaces or objects [2]. P. aeruginosa 

pathogenicity occurs due to the ability of bacteria to produce a wide range of virulence 

factors. These characteristics enabled the bacterium to achieve effective colonization, 

invasion, and persistence inside the host and are increased by its innate tolerance to stress 

from the environment and other substances like antibiotics, disinfectants, and heavy metals 

[3]. Infections of burn wounds are regarded as a major health problem caused by bacterial 

germs colonizing burn injuries [4]. Burn wounds are thought to be a good place for 

opportunistic microorganisms of both foreign and endogenous origin to colonize when there 

has been substantial thermal injury [5]. Several factors, such as the type of burn injury itself, 

the patient's age, the extent of the injury, and the depth of the burn, along with microbial 

elements like the kind and quantity of organisms, the production of enzymes and toxins, aid 

in the colonization of the burn wound site and promote the spread of microorganisms that 

cause systemic dissemination [6]. Gram-positive, gram-negative bacteria and yeast from the 

host's normal upper respiratory and gastrointestinal flora as well as bacteria from the hospital 

environment invade burn wounds [7]. P. aeruginosa is regarded as the third leading cause of 

hospital-acquired infections accounted for about 18% of Urinary Tract Infections (UTIs) [8]. 

Infection in the urinary tract caused by P. aeruginosa can occur by either an ascending or 

descending route UTIs are clinically classified into complicated or uncomplicated infections. 

Complicated urinary tract infection is associate with different factors that either impaired the 
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urinary tract function or immune defence mechanism of the host, like urinary tract 

obstruction, immune suppression, kidney failure, kidney transplantation, pregnancy and 

formation of calculi [9]. Uncomplicated urinary tract infections typically occur in otherwise 

healthy individuals who do not have any underlying structural abnormalities or pre-existing 

conditions that could compromise the urinary tract [10].  

Antibiotic resistance is a growing problem in developing countries since the overuse of 

antibiotics in humans. Pseudomonas aeruginosa exhibits resistance against several 

antibiotics, such as β-lactams, quinolones, and aminoglycosides [11]. P. aeruginosa's primary 

defence mechanisms against antibiotic assault can generally be divided into three categories: 

intrinsic, acquired, and adaptive resistance. Low outer membrane permeability, the 

development of efflux pumps that drive antibiotics out of the cell, and the synthesis of 

enzymes that render antibiotics inactive are the three components of P. aeruginosa's intrinsic 

resistance. P. aeruginosa can develop resistance by mutational alterations or horizontal 

transfer of resistance genes. P. aeruginosa develops biofilm as part of its adaptive resistance, 

which acts as a diffusion barrier to prevent the bacterium from being exposed to antibiotics 

[12]. 

Genomic identification using variable regions within the 16S gene for species-specific 

differentiation has been widely used for precise identification of a wide range of clinically 

relevant bacterial pathogens. This method is particularly valuable where phenotypic methods 

could not provide an adequate level of discrimination or gave discrepant results. Because 

other highly conserved genes have not received as much attention, 16S continues to be the 

most popular stable target for bacterial identification and genetic evolutionary investigations 

[13, 14]. 

Many strategies developed to overcome the increasing problems of multidrug resistant 

bacteria such as focusing on active compounds extracted from microorganisms [15] or plants 

which have medicinal properties and potential pharmaceutical [16, 17]. Mutations are 

heritable changes in the base sequence of DNA. Some mutations can be beneficial to an 

organism, but most are actually harmful because the mutation will often result in the loss of 

an important cellular function [18]. In the presence of certain mutagen, the rate of mutation 

can increase dramatically. Mutagenes are chemicals or radiation (such as X-rays or ultraviolet 

(UV) light) that alter the cellular genetic material, deoxyribonucleic acid, in a way that is 

irreversible and heritable (DNA) [19]. When damaged nucleotides are incorrectly 

incorporated into the DNA molecule, it can lead to the formation of mutations, as the genetic 

code is disrupted and errors are introduced into the sequence [20]. Direct UV absorption by 

DNA mostly causes pyrimidine dimers to form between nearby pyrimidines in a DNA strand. 

These dimmers were created when molecules' electrons were excited, causing additional 

bonds to form between nearby pyrimidines. This altered the structure of the DNA inside the 

cell, which interfered with DNA replication [21]. 

For the past 100 years, it has been established that UV radiation, especially UVC in the 200–

280 nm range, is extremely germicidal. UVC radiation with a wavelength of 254 nm is 

frequently used to kill and inactivate a wide variety of microbiological organisms [22, 23]. As 

a result, it finds employment in an increasing range of applications, including as the food 

industry's processing of water and air, wound care, and the use of highly antimicrobial 

devices. UVC therapy is a viable supplementary therapy for chronic wounds infected with 

resistant bacteria since it has been shown to be very successful in killing bacteria without 

causing unacceptable damage to host tissue and improving wound healing in patients with 

acute wound infections [24] [25]. The aim of this study is to examine the mutagenic effect of 

UVC radiation on resistant bacteria isolated from different clinical cases such as burns, 

wounds and Urinary Tract Infection. 
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Materials and Methods 

Isolation of bacteria  

     For isolation of P. aeruginosa, 65 samples were collected from patients suffered from 

burns, wounds and UTI infections in three hospitals in Baghdad during a period of 4 months, 

8/2021 to 11/2021. Burns and wounds samples were taken by a sterile swap, while urine 

samples were put in a sterile container. Subsequently, a swab from these samples was 

streaked over MacConkey agar, nutrient agar, and blood agar plates. For the purpose of 

isolating P. aeruginosa, non-lactose fermenting colonies on MacConkey agar were sub 

cultured on Cetrimide agar and incubated at 37°C for 24 hours. Identification of bacteria was 

depended on Gram staining, VITEK2 system, also further identification of P. aeruginosa 

isolates was done by molecular diagnosis of bacteria using 16S rRNA. 

 

Molecular detection of P. aeruginosa isolates by 16S rNA 

Accurate and systematic identification of Pseudomonas is crucial to early detection of 

specific infections and to commence clinical intervention at the earliest opportunity. For this 

reason, DNA extraction for the genomic DNA was done using (Reagent Genomic DNA Kit, 

Promega, USA). The first step included harvesting of the bacterial cells and for this reason, 

the bacterial culture was transferred to 1.5 ml microcentrifuge tubes, centrifuged for 1 minute 

at 14–16 000 x g, and the supernatant was then discarded. The DNA extraction was 

completed as recommended by the manufacture protocol.  

The DNA purity and concentration were measured using a NanoDrop spectrophotometer 

(Thermo Fisher Scientific, Waltham, MA, USA). The next step is DNA amplification, the 

primers used for the amplification is listed in table (1) [26]. As a stock solution, lyophilized 

primers were dissolved in nuclease-free water to a final concentration of 100 pmol / μl. The 

procedure for the PCR utilizing the thermocycler is set up and listed in table (2). A working 

solution of these primers was created by adding 10 μl of primer stock solution (stored at 

freezer -20 C) to 90 μl of nuclease-free water  

 

Table 1: the primers were supplied by Macrogen Company in a lyophilized form 

Primer Name Seq. 
Annealing Temp. 

(°C) 

Product size 

(bp) 

27F 5`-AGAGTTTGATCCTGGCTCAG-3`  

60 

 

1500 1492R 5`-TACGGTTACCTTGTTACGACTT-3` 

 

Table 2: PCR Program setup 

Initial Denaturation 95 05:00 1 

Denaturation 95 00:30 

30 Annealing 60 00:30 

Extension 72 00:30 

Final extension 72 07:00 
1 

Hold 10 10:00 

 

Agarose gel electrophoresis was used to verify the existence of amplification following PCR. 

The Ethidium bromide-stained bands in gel were visualized using Gel imaging system. 1500-

bp size amplicons were checked on electrophoresis gels to determine whether the 16S rRNA 

gene was present. Amplification of 16s RNA gene P. aeruginosa species was fractionated on 

1.5% agarose gel electrophoresis stained with Ethidium Bromide.  
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PCR products were sent for Sanger sequencing using ABI3730XL, automated DNA 

sequences, by Macrogen Corporation – Korea and then the results were analyzed by 

BLASTN analysis utilizing the local database as well as the NCBI database to confirm that 

the bacteria were P. aeruginosa. 

 

Test for antimicrobial susceptibility  

     According to Kirby-Baur standard technique, antimicrobial susceptibility testing was 

performed on thirty five isolates of P. aeruginosa against ten antibiotics 

Selected isolated colonies of P. aeruginosa from nutrient agar were cultured in five millilitre 

of brain heart infusion broth. The cultures were then incubated overnight at 37°C, centrifuged 

at 5000 rpm for five minutes, diluted to match a 0.5 McFarland turbidity standard, which is 

equivalent to approximately 1.5x10 8 cells/ ml. Mueller-Hinton agar, pH 7.2 was sterilized, 

then poured into Petri dishes at only 5 mm depth. A sterilized  swab  was immersed  in the 

broth culture of isolates, gently removed any excess suspension ,then cultured on the 

Mueller-Hinton agar plate in many directions for uniform growth , left it  to dry for about 5 

minutes, then gently press each  antibiotic disc to the agar  with a flame-sterilized forceps ,the 

plates were incubated overnight at an incubation temperature 37°C before reading the results 

that compared with CLSI, 2020  standard value.  

 

UV radiation-induced mutagenesis of the P. aeruginosa isolates 

Mutagenesis for five Pseudomonas aeruginosa isolate P1, P2, P3, P4, and P5 by UV 

irradiation was done by subjecting a fresh culture of each bacterial isolate in four Petri dishes 

to UV radiation in a dark place by used the UV transilluminator. P. aeruginosa suspension 

was prepared at a concentration of 1.5 x 108 CFU/ml in comparison to McFarland's turbidity 

tube of 0.5, then 0.1ml of bacterial suspension was cultured on cetrimide agar to detect the 

viability of bacteria before mutation (control) as shown in figure 4 A. For mutagenesis of P. 

aeruginosa isolates, 0.1 ml of bacterial suspension was added to each of four sterilized 

cetrimide agar plates, which were labelled M1 through M4. The tray measurement of 

irradiation was roughly (15 x 25) cm, and the distance between the UV source and the 

suspension in the plates that were exposed to the radiation was precisely 11 cm. under a 

sterile conditions, the plates were subjected to UV light for 30, 90, 180, and 360 seconds, 

respectively, at a wavelength of 254 nm and energy of 60 J/cm2.  Bacterial cells were 

streaked in (4) mutated plates, three replicates were used for each mutation time, and then all 

plates were incubated at 37°C for 24 hours. The number of viable cells was counted (colony 

forming unit using colony counter) and the bacteria that survived UV exposure were 

considered as mutants. The same procedure of antibiotic sensitivity test was done for muted 

P. aeruginosa isolates at each exposure time (30, 90,180 and 360) second, and then compared 

the results for each antibiotic before and after mutation at different exposure time [27].  

 

Results and Discussion  

     Pseudomonas aeruginosa isolates Isolation and Identification 

P. aeruginosa were detected on MacConkey agar; they grow as pale pink colonies with a 

diameter of 1-3 mm. Some isolates showed a mucoid appearance that was connected to the 

development of biofilms. 

From a total of 65 samples were taken from burns, wounds and UTI infections, the findings 

from VITEK2 system revealed that 35 isolates (53.8%) were identified as P. aeruginosa 

while the remaining 30 isolates (46.2%) had belonged to P. fluorescens, Proteus mirabilis, 

Klebsiella pneumoniae, Serratia marcescens and Acinetobacter baumannii. 

 

 

http://en.wikipedia.org/wiki/McFarland_standards
http://en.wikipedia.org/wiki/PH
http://en.wikipedia.org/wiki/Sterilization_(microbiology)
http://en.wikipedia.org/wiki/Cotton_swab
http://en.wikipedia.org/wiki/Growth_medium
http://en.wikipedia.org/wiki/Incubator_(culture)
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Microscopic appearance 

      P. aeruginosa was appeared as gram-negative bacilli, slender shaped, medium length, and 

non-sporulating. 

 

Identification of P. aeruginosa isolates by 16SrNA 

To optimize antibiotic therapy, direct bacterial pathogen detection from patient samples must 

be quick and accurate. The extracted genomic DNA templates were successfully employed as 

templates for the 16S rRNA PCR and the result of gel electrophoresis is described in Figure 

(1) verifying the 16S rRNA gene segments from each bacterial isolate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Results of the amplification of 16s RNA gene P. aeruginosa species was 

fractionated on 1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder 

marker. Lanes 20B resemble 1500bp PCR products 

 

       PCR products were sent for Sanger sequencing using ABI3730XL, automated DNA 

sequencer, by Macrogen Corporation – Korea. The results were received by email then 

analyzed using geneious software. Figure (2) displays the results of bacterial identification 

performed by BLASTN analysis utilizing the local database as well as the NCBI database. 

The bacteria were identified at the genus and species levels to be P. aeruginosa. 
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Figure 2: Data Analysis (BLAST results) using geneious software 

 

Test for antibiotic susceptibility 

 The antibiotic susceptibility test results for 35 P. aeruginosa isolates demonstrated 

that 100% of isolates were sensitive to colistin and ciprofloxacin, while 31 (89%), 28 (80%) 

of isolates showed a sensitivity to gentamycin & Imipenem. On the other hand, the isolates 

were found resistant to piperacillin-tazobactum, cefotaxime and ceftazidime at high ratio (35) 

100 %, 32 (91%), 30 (86%), respectively. Moderate resistance to Aztreonam, levofloxacin 

and ceftriaxone at percentage 26 (74%), 25 (71%), 22 (63%) respectively (figure 3).  

  

 
   

Figure 3: antibiotic sensitivity test for P.  aeruginosa isolates added information about the 

test Out of 35 tested P. aeruginosa isolates; five isolates were selected as they exhibited 

multidrug resistant against tested antibiotics. 
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Table 3:  susceptibility Test for five multi drug resistant isolates of P.  aeruginosa  
Bacterial 

isolates 

TZP 

mg/ml 

CAZ 

mg/ml 

LE 

mg/ml 

CTR 

mg/ml 

AZT 

mg/ml 

CTX 

mg/ml 

IPM 

mg/ml 

CN10 

mg/ml 

CLM 

mg/ml 

CIP5 

mg/ml 

P1 R R R R R R I I S S 

P2 R R R R R R I I S S 

P3 R R R I R R S S S S 

P4 R R R R R R R I S S 

P5 R R R I R R I R S S 

Note. S. sensitive, R .resistant, I .intermediate 

 
Pseudomonas aeruginosa mutation 

Five multidrug resistant Pseudomonas aeruginosa isolates, P1, P2, P3, P4 and P5 isolates 

were selected for mutation by UV irradiation at various time periods (30, 90, 180, and 360 

Sec). Results of Pseudomonas aeruginosa isolates mutation after exposure to UV irradiation 

from (30 - 360 sec) were close to each other but P1 isolates showed more response to UV 

irradiation in compares to other isolates, therefore it was selected as the best Pseudomonas 

aeruginosa isolates to study the effect of UV radiation on antibiotic susceptibility. There is a 

difference in response to UV radiation because this type of radiation cause random mutation 

that may affect different locus which might be on the resistance gene of some isolates while it 

affect other sites in the remaining isolates.  

P. aeruginosa P1 isolate undergo mutation for various time periods (30, 90, 180, and 360 

Sec) reduced its viability, and the number of viable cells count was changed from 

uncountable in control 4A to decrease number over time in M2 and M3 plates until reach to 

(60) x 108 how did you count this number the plates over crowded   in M4 plate respectively 

as shown in figure 4 B, C, and D. Also, the isolate become more sensitive at ratio 40% 

toward the antibiotic’s ciprofloxacin, colistin, gentamycin and Imipenem in which zones of 

inhibition recorded (27,21,18,19) in control isolate. After mutation, the inhibition zones 

increased to 37, 30, 28, and 25 mm, respectively, for each of the different time points 

examined. Additionally, P. aeruginsa P1 isolate showed changes in responses from resistant 

to susceptible towards three antibiotics Aztreonam, Cefotaxime, and Levofloxacin reaching 

to (25, 23 and 21 mm) zones of inhibition, respectively, while three antibiotics like 

Piperacillin-tazobactum, Ceftriaxone and Ceftazidime showed the same results before and 

after mutation as mention in table (4) and figure (4). 

 

Table 4: Inhibition zone of mutated P. aeruginosa P1 before and after exposed to UV light 

for different exposure time 

Antibiotics 
Mean of Inhibition zone (mm) 

Control 

Mean Inhibition zone of mutated P1 (mm) 

M1 

 
M2 M3 M4 

Ciprofloxacin (CIP) 5 mg 27 28.6 31 36 37 

Gentamicin (CN) 10 mg 18 20 21.6 23.3 28 

Aztreonam (AZT) 30 mg 9.3 9.6 15.6 22.3 25 

Cefotaxime (CTX) 30 mg 9.3 14.6 18.3 21 23 

Piperacillin-tazobactum (TZP) 

100/10 mg 
8.3 8.3 8.3 9 9 

Ceftriaxone (CTR) 30 mg 8 8 8.3 9 9 

Colistin (CLM) 10 mg 21 22.3 24 25.3 30 

Imipenem (IPM) 10 mg 19 20 21.6 22.6 25 

Ceftazidime (CAZ) 30 mg 7 7.3 8 8 8 

Levofloxacin (LE) 5 mg 9 9 14 18.3 21 

L.S.D=0.05 
Antibiotics= 9.61;     Mutation Time= 3.1 

Antibiotics* Mutation Time.= 12.36 

Note: M1….M4 mutation time (30, 90, 180 and 360 Second) respectively 
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Figure 4:  (A) Control P. aeruginosa P1, (B) mutated P1 isolates during 90 second, (C) 

mutated P1 isolates during 180 second, (D) mutated P1 isolates during 360 second 

 

     The antibiotic susceptibility test found a notable rise in the mean of inhibition zone for 

ciprofloxacin in relative to all other antibiotics types examined in the study. According to 

mutation time there was a significant increase in the mean inhibition zone in M4 in all 

antibiotics treatment except Piperacillin-tazobactum, Ceftriaxone, and Ceftazidime that 

inhibition zone recorded 9, 9 and 8 mm respectively. 

 

      The interaction between antibiotics and mutation time indicated that there was a 

significant increase in mean inhibition zone in M3 and M4 using ciprofloxacin antibiotics 

compared to all other interaction treatments tested. Because P. aeruginosa produces 

aminoacetophenone in vitro, it’s frequently gives off a grape-like odour that can be 

recognized on nutrient agar. These findings matched those of woods et al [28].  

 

     A loopful of bacterial colony further streaked on Cetrimide agar then incubated at 37 °C 

for 24 hours to provide a conclusive diagnosis of P. aeruginosa. On Cetrimide agar plates, 

Pseudomonas isolates produce a blue-green pyocyanine colour. The colour of the pigment 

diffuses into the growing media. As noted by Cueva et al. in 2020, P. aeruginosa also 

developed pyoveridine pigments that fluoresced under UV light [29]. 

 

      After a burn injury, burn wound infection was the main factor responsible for high 

morbidity and mortality. P. aeruginosa, Staph. aureus, and Acinetobacter baumanni 

infections are well-known pathogens that can grow in body fluids and seriously harm if 

septicemia developed that even kill patients [30]. The expression of typical virulence factors 

such as pyocyanin and pyoverdine was even enhanced virulence of P. aeruginosa in burn 

wound site [5]. Infections by P. aeruginosa at the Mutohari Burn Center in Tehran were 

examined in a study (1999 - 2000). During the course of the study, 230 bacterial strains and 

190 positive cultures were identified from swabs or biopsy tissues. The majority of organisms 

were determined to be Pseudomonas (60%) with Acinetobacter (15%), Staphylococcus 

aureus (11%) and miscellaneous species (5%) following [12]. 
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P. aeruginosa growth was stimulated in human burn wound exudates detected in patients 

prior to antibiotic therapy. While no other gram-negative bacterial growth such as 

Acinetobacter and  E. coli,  or Gram-positive bacteria like S. aureus, are isolated, suggest an 

inhibitory effect related to the expression levels of key Quorum sensing systems genes, 

LasI/R, and RhlI/R [31]. 

P. aeruginosa is causative agent of about 15% -25% of nosocomial infections like septicemia 

in intensive-care units [32]. Pseudomonas aeruginosa is considered as one of the most 

important causes of catheter-associated UTIs [33]. A study by Motbainor etal, (2020) who 

collected 200 urine specimens from patients with urethral catheters during the period from 

March 2020 to December 2021 and recorded that most predominant isolated bacterium was 

Pseudomonas aeruginosa followed by E. coli and Proteus spp [34]. 

It is well known that P. aeruginosa has a major impact on human health because of decrease 

activity of antibiotic, which results from the potent effects of several antibiotic efflux pumps 

combined with determinants of chromosomally mediated antibiotic resistance like mexAB, 

mexXY, oprM, and poor bacterial cellular envelope permeability to the antibacterial agent 

[35]. In South Africa at Memorial Children's Hospital, an evaluation of patients with 

clinically severe P. aeruginosa infections in the burns unit was conducted. 500 (16.6%) out 

of 3000 bacteriology samples collected over the course of the 37-month trial tested positive 

for P. aeruginosa. 90.1% of isolates were resistant to povidone-iodine, compared to 1.9% that 

were sensitive to chlorhexidine. Notably, Tobramycin exhibited the lowest resistance rate at 

2.3%, whereas Piperacillin-Tazobactam showed the highest resistance rate at 35.8%, 

indicating significant differences in the susceptibility of the isolates to these antibiotics [36]. 

P. aeruginosa isolate that is multidrug resistant (MDR) which resistant to at least three 

antimicrobial classes, including carbapenem, fluoroquinolone, penicillin, cephalosporin, and 

aminoglycoside [5]. 65% of P. aeruginosa found to be multi drug resistant in one 

investigation. Ceftazidime and cefotaxime had the highest rates of antibiotic resistance, while 

imipenem, piperacillin, and gentamicin had the lowest rates [37]. The production of other 

enzymes, like metallo-β-lactamases (MBLs) and extended spectrum β-lactamases (ESBLs), 

that inactivate beta-lactams and carbapenem could be the mechanism of resistance in 

multidrug-resistant P. aeruginosa [38]. 

Changes in the chromosomally encoded determinants' genetic makeup or horizontal gene 

transfer can both cause antibiotic resistance can both cause P. aeruginosa to develop acquired 

resistance [4]. As a result of antibiotic therapy being hampered by difficult-to-treat resistant 

strains, MDR bacteria may cause illnesses [39]. Additionally, mobile genetic elements like 

integrons, plasmids, insertion sequences, transposons, and gene cassettes can spread 

resistance genes to other bacteria [40]. Later studies have shown genetically diverse strains 

of  Staphylococcus aureus are circulating in burn wounds [41, 42]  and bacteria with 

transmissible R-factors cause members of the Enterobacteriaceae family, P. aeruginosa, and 

Vibrio cholera to develop multiple antibiotic resistances [11]. Hyper mutation makes it easier 

for P. aeruginosa strains to develop antibiotic resistance, which leads to chronic infections 

[43]. 

One alternate method for selecting targeted mutations with the possibility of only single 

nucleotide changes is UV-based random mutagenesis [44]. Tetracycline and chloramphenicol 

resistance rates in the entire coliform population after UV irradiation were considerably lesser 

than those in the total coliform population before UV irradiation. This discovery was linked 

to the mechanism of R-factor-mediated tetracycline resistance [45]. Studies on DNA 

polymerase I (polyA)-deficient P. aeruginosa strains indicate that UV mutability in pMG2-

containing bacteria may be caused by a plasmid-determined repair resynthesize function [46]. 

The lifespan of these isolates was improved by the presence 15 out of 34 distinct resistance 

(R) plasmids, according to research on P. aeruginosa subjected to ultraviolet irradiation (UV) 
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in wild-type, uvr, and polA mutants. The two most plasmids, pBS12 and pBS31, increased 

UV-induced mutability in the wild-type strain while shielding uvr+ strains from the lethal 

effect [47]. In a different investigation on P. aeruginosa, only 5 out of 26 strains were found 

to be resistant to the effects of UV irradiation. FP51 and FP59 are two of the plasmid FP 

factors, whereas R 910 is an R factor. UV mutagenesis is increased in the presence of these 

plasmids because they may contribute to the excision repair process' repair resynthesize stage 

[48]. The impact of R plasmid on radiation such as ultraviolet and gamma ray induced 

mutation in P. aeruginosa was investigated in strains carrying the revertible markers hisO27 

and trpB1 as well as the conventional - sensitive markers polA3 or rec-2. R plasmids pPL1, 

R2, and pMG15 improved the ultraviolet radiation survival isolation and ultraviolet-induced 

mutation of mutant type in contrast to the lack of a R plasmid, where radiation-induced 

mutation was independent of the polA+ genotype and dependent on the recA+ genotype [49]. 

UVR affects skin cells differently biologically because the skin is composed of layers that are 

vary in depth and have unique physical and chemical characteristics. The type of skin has a 

major influence on the minimal erythema dose (MED). The induction of minimal erythema 

dose response curves demonstrates that human skin is more sensitive to UV-C light at 254 

nm than to UV-B radiation at 300 nm. This short wavelength of UV-C has a limited 

(superficial) influence on the epidermis, which may be linked to long-term and random 

effects on the skin. The effects on the skin also rely on the duration of exposure, and in our 

work, we employed a very little exposure period (in seconds) to bacteria [50]. 

A study by Wang et al comprehensively evaluated the effect of the UV/chlorine on 

Pseudomonas aeruginosa as the target microorganism. The level of toxic opr gene in P. 

aeruginosa decreased by more than 99% after UV/chlorine treatment [51]. Also Argyraki et 

al test the inactivation efficiency of two different light-based treatments, namely ultraviolet B 

(UVB) and ultraviolet C (UVC) irradiation, on Pseudomonas aeruginosa biofilms at different 

growth stages. UVC irradiation induced inactivation on mature biofilms [52]. 

Conclusions 

Although P. aeruginosa strains were universally susceptible to colistin and ciprofloxacin, they 

exhibited resistance to several other antibiotics, especially piperacillin-tazobactam, 

cefotaxime, and ceftazidime. Exposure to UV radiation caused a change in susceptibility 

patterns in P. aeruginosa. Mutations induced by UV radiation can impact resistance profiles 

potentially offering benefits or aiding in understanding resistance mechanisms better. Overall, 

this study underscores the importance of integrating molecular diagnostics with traditional 

microbiological techniques for comprehensive pathogen characterization and the need for 

innovative approaches to manage antibiotic resistance in clinical settings. 
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