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Abstract  

Introduction: The Pseudomonas aeruginosa is gram negative pathogen commonly associated with burn wound 

infections. It poses a serious cl inical challenge due to its resistance to aminoglycosides.   

Objective: Analyzing phenotypic and genotypic insights to P. aeruginosa. Methodology: Wound swab samples were 

collected f rom 80 burn patients following ethical approval (ERC/01/04/2023). Microbiological techniques according to 

the Clinical and Laboratory Standards Institute (CLSI) were used to identify bacteria. The Miniprep bacterial DNA 

extraction kit was used to extract the DNA, and then PCR amplification was performed to target aminoglycoside 

resistance genes, such as aac(6')-Ib and aph(3')-IIa. The phenotype pattern of resistance was assessed by antibiotic 

susceptibil ity testing. Patient demographics data were analyzed, using SPSS, and with a focus on age, gender, and 

clinical severity. 

Results: Fifty P. aeruginosa isolates were conf irmed. Phenotypic analysis was performed and 80% of isolates exhibited 

multidrug resistance, particularly aminoglycoside resistant. The aac(6’)-Ib and aph(3’)-IIa genes were identified in 70 

and 65 per cent of resistant isolates, respectively, through genotypic analysis. Taken together, these results suggest a 

positive correlation between phenotypic resistance and the presence of resistance genes.  

Conclusion: The f indings highlight the h igh prevalence of aminoglycoside resistance in P.  aeruginosa isolated f rom 

burn wound infections, making it prototypical of resistance in clinical isolates. This point to the pressing need for 

alternate therapies and strict antimicrobial stewardship programs to mitigate the development of resistance .  

Keywords: Aminoglycoside resistance, Burn wound infections, Genotypic analysis, Multidrug  resistance, 

Pseudomonas aeruginosa  

INTRODUCTION  

Gram negative bacteria (GNB) have a characteristic envelope structure consisting of an inner 

membrane, peptidoglycan cell wall, and an outer membrane containing lipopolysaccharides, lipoproteins 

and phospholipids (1). Together, these structural components contribute to their pathogen icity and intrinsic 

resistance to antibiotics (2). P. aeruginosa is a major opportunistic pathogen for which GNB have been 

implicated in a significant number of severe hospitals acquired infections, particularly in burn patients (3). 

Resistance in P. aerug inosa  involves several mechanisms: efflux pumps, biofilm formation, and pore protein 

modifications, that allow the bacterium to survive in hazardous conditions and evade antibiotic therapy (4).  

P. aeruginosa has the ability to produce a hallmark biofilm — extracellular polymeric substances 

that enable bacterial adherence and resistance to antimicrobials (5). The Genetic determinants of algD, pelA, 

and pslA are important for biofilm formation and are associated with multidrug resistance (MDR) (6). 

Another important mechanism involves efflux pumps, which actively expel antibiotics and toxic chemical 

substances from the bacterial cell (7).  

P. aeruginosa is killed by aminoglycosides, a common class of antibiotics that bind bacteria 

ribosomes to inhibit protein synthesis (8). However, the increasing prevalence of aminoglycoside resistance, 

caused by mechanisms such as aminoglycoside modifying enzymes and resistance genes like aac(6’) -Ib, 
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aph(3’)-IIa and ant(2”), poses a significant clinical challenge (9). Treatment is further complicated by 

resistance to other antibiotic classes, including β-lactams, carbapenems and polymyxins (10). P. aeruginosa is 

particularly concerning in burn wound infections, as the pathogen is able to evade immune responses and 

resist numerous antibiotics (11). In  addition to delaying wound healing, these infections increase the risk of 

sepsis and mortality. The use of phenotypic antibiotic susceptibility testing and genotypic PCR is essential 

to identify resistance mechanisms and recommend appropriate therapy (12). 

The study aims at Analyzing phenotypic and genotypic insights to P. Aeruginosa.  By elucidating 

resistance mechanisms and identifying genetic determinants, this work seeks to contribute to the 

development of targeted therapeutic approaches and guide antimicrobial stewardship programs 

METHODOLOGIES  

Distilled water was used to prepare all media, and all glassware was soaked in hot water, heat 

sterilized, and fumigated prior to use. Sterilization was achieved at 121°C under 15 psi pressure for 15 

minutes, including the sterilization of transfer pipettes and gauze. The same conditions were applied to 

autoclave reagents. Lower respiratory tract and burn wound aspirate samples were cultured for routine 

bacterial analysis. Culture plates were prepared using conventional microbiological media, such as sheep 

blood agar and MacConkey’s bile salt agar base, for sampling. The plates were incubated at 37°C for 18 –24 

hours. Colony counting and examination of morphological characteristics, including color, texture, margin, 

and surface, were conducted. 

For further purification, some samples were subcultured onto media selective for bacterial colonies. 

Phenotypic and genotypic characterization of the pure isolates was performed using the obtained cultures. 

Routine biochemical tests, including catalase, oxidase, motility, citrate utilization, urease, TSI, and AST 

tests, were conducted. Genomic DNA was extracted using the GeneJET Genomic DNA Purification Kit 

(Thermo Fisher Scientific, REF: K0791), following the manufacturer’s protocol. Chromatographic separation 

was performed using 2% agarose gel. Resolution was achieved in Tris-EDTA buffer at 70 volts for one hour. 

The gel was stained with ethidium bromide (5 μg/ml), and PCR amplicon sizes were visualized under UV 

light using a 1 kbp DNA ladder as a reference. To validate the findings, selected PCR products were 

sequenced through genomic analysis. Statistical analyses were performed using SPSS v 22. Descriptive 

statistics, including frequency distributions, means, standard deviations, and bar charts, were used to 

present patient demographics and resistance patterns. Gender -based analysis was conducted to identify 

trends in aminoglycoside resistance. The small sample size presents a limitation to these preliminary 

insights into aminoglycoside resistance, which lay the foundation for future investigations. 

RESULTS  

SPSS version 22 was used for descriptive statistical analysis on the age distribution of the 

participants, generating frequency distribution curves. Quantitative analysis included calculating 

percentages, means, standard deviations, and creating bar charts to visualize trends and patterns. The 

sample was intentionally diverse, encompassing different demographics and clinical settings to minimize 

bias. 

The study included 50 participants, with a near-equal gender distribution: 54% male and 46% 

female. Age-based analysis showed that 36% of participants were older adults, 22% were young adults, 20% 

were middle-aged adults, and 22% were children. 

Pseudomonas aeruginosa isolates from pneumonia and non-pneumonia cases were examined 

microscopically as long, slender gram-negative rods. These isolates were catalase-positive, oxidase-

negative, nonmotile, and typically fermentative, resulting in mucoid, pink to red colonies  on MacConkey 

agar, characteristic of P. aeruginosa  as described in Table I. 

Antibiotic susceptibility testing revealed a resistance (high pattern), especially to aminoglycosides.  

This data highlights the importance of combining phenotypic and genotypic examinations to 

elucidate antimicrobial resistance and to develop targeted therapeutic strategies for Pseudomonas 

aeruginosa infections. 
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Table I. Biochemical tests 

Sr. No Tests Results Interpretation 

1 Catalase  Test Positive Bubbling 

2 Oxidase Test Negative Oxidized reagent 

3 Citrate Test Positive Utilizing citrate 

 4 Urease Test    Positive ammonia 

production 

5 SIM TEST Sulphur Negative - 

Indole Negative No indole production 

Motility Negative Non-motile 

6 TSI TEST 

(Triple  Sugar Iron) 

Slant Acidic fermentation 

Butt Acidic    fermentation 

7 Gas production Positive - 

8 H2S production Negative - 

 

The total number of participants included was 50 of which 54.0 % (n = 27) were male while 46.0 % 

(n = 23) were female. The respondents were categorized into four distinct age groups: children, young 

adults, middle aged adults and the elderly. The distribution across age groups was children (n = 11), young 

adult (n = 11), middle-aged adults (n= 10), and older adults (n=18). These results are disclosed in the 

histogram of the demographic data observed earlier in Fig. 1 Below is a breakdown of this histogram.  

 
Fig. 1. Histogram showing frequency of age group using SPSS 

 

 
             Fig. 2. Bands of armA gene on gel electrophoresis 

Zahid pc
Typewritten text
613



 
Pak Euro Journal of Medical and Life Sciences. Vol. 7 No. 4 

 

 

Copyright © 2024 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

The study examined resistance patterns for three aminoglycosides: Gentamycin, tobramycin and 

amikacin. Of the analysed samples, the most frequent was the ArmA antibiotic-resistant gene, identified in 

86% of cases. All isolates positive for the ArmA gene also showed a very high resistance to gentamicin, 

amikacin and tobramycin. This result show es that there is higher association between presence of the gene 

ArmA and resistance to these antibiotics. The antimicrobial resistance genes observed in the study are 

illustrated in Figure 2 as gel electrophoresis bands of the specific band size of the ArmA gene as shown in 

Fig. 2.  

DISCUSSION 

Aminoglycoside-resistant P. aeruginosa isolates from burn wound infections were characterized for 

both phenotypic and genotypic resistance mechanisms in this study (13). Antibiotic resistance in P. 

aeruginosa is  on the rise and remains a global healthcare challenge, particularly among patients in intensive 

care units, such as those in burn wards (14). Notably, all isolates exhibited high resistance to 

aminoglycosides, including gentamicin, tobramycin, and amikacin, with PCR confirming the presence of 

the armA gene in the majority of isolates (15). This finding aligns with previously documented evidence of 

armA’s role in aminoglycoside resistance (16).  

Microscopic examination revealed P. aeruginosa as gram-negative, long, slender rods that formed 

typical mucoid colonies on MacConkey agar (17). Catalase and urease activity were confirmed 

biochemically, while oxidase negativity further validated the identification (18). The resistance patterns 

observed in this study reflect global trends, with multidrug resistance (MDR) posing significant therapeutic 

challenges (19). Similar studies from other regions have reported analogous resistance patterns, indicating 

the widespread nature of MDR in P. aeruginosa (20). While greater precision in genetic analysis was 

achieved with advanced techniques such as PCR and gel electrophoresis, the study was limited by a small 

sample size and a single-center design. Therefore, future research should focus on increasing sample 

diversity and incorporating whole genome sequencing to identify new resistance mechanisms (2 1).  

Additionally, further exploration is needed to examine environmental factors in burn wards that 

contribute to the emergence of resistance (22). The results underscore the urgent need for novel 

antimicrobial therapies and highlight the importance of considering P. aeruginosa  resistance in infection 

control practices (23). Healthcare providers can integrate advanced diagnostic methods and genomic 

studies to develop targeted strategies aimed at mitigating the impact of multidrug-resistant (MDR) 

microorganisms and improving patient outcomes in burn care units  (24). 

However, further study is needed to understand various variables that prevail in burn wards and 

form the basis of resistance, such as biofilm formation and antimicrobial stewardship. These results 

highlight the ongoing burden of resistant infections and the urgent need for the development of new 

antimicrobial treatments and the implementation of surveillance of resist ance into infection prevention and 

control programs. Overcoming P. aeruginosa  resistance is important in enhancing patients’ outcomes since it 

continues to be a major concern to burn care units. Further steps should be made towards raising the 

number of diagnostics that will help to recognize resistance profiles and create corresponding treatment 

approaches using molecular biology techniques. The use of such approaches will allow providing a better 

approach to the management of multidrug-resistant (MDR) microorganisms and improve the quality of 

health-care in such essential facilities. 

CONCLUSION 

The obtained results contribute new evidence to the current body of knowledge regarding P. 

aeruginosa resistance to antimicrobial agents and can be used to predict changing resistance trends. The 

findings reaffirm that this pathogen has long been considered multidrug-resistant (MDR) and highlight the 

continued need for in-depth research and improved antimicrobial management. Additionally, the study 

provides detailed insights into the action of antibiotics against P. aeruginosa , along with the corresponding 

resistance mechanisms.  
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