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ABSTRACT
Pseudomonas aeruginosa is a gram-negative, aerobic, non-spore-forming rod
that causes various infections in both immunocompetent and
immunocompromised hosts. It is commonly found in the environment and is
an opportunistic pathogen in hospital settings. Its unique ability to form
biofilms increases antibiotic resistance and resists host defenses. Pseudomonal
infections can occur in various parts of the body. It is the second most
common cause of nosocomial pneumonia, urinary tract infection, surgical-site
infection, and fifth most common isolate overall. Pseudomonal infections are
increasingly resistant to certain antibiotics and a 2-drug regimen is
recommended for severe sepsis, septicemia and inpatient neutropenia. This
study aims to investigate the age- and gender-wise occurrence of P.
aeruginosa in Mingora, Swat, KP, and evaluatethe effectiveness of commonly
used antibiotics in its treatment. The obtained results revealed the highest
occurrence rate of 40 % in age group 18-30 years, followed by 34% in the age
group of 32-42 years and 26% in elders of 41-52 years’ age. Regarding the
gender distribution, the occurrence rates of 58% and 42% were observed in
males and females respectively. The antimicrobial susceptibility results
showed Ciprofloxacin as the most effective antibiotic against P. aeruginosa
isolates. The rates of susceptible isolates were ciprofloxacin (CIP) 72%,
amikacin (AK) 70%, ceftazidime (CAZ) 63%, imipenem (IPM) 52%,
piperacillin/tazobactam (TZP) 50%, cefepime (FEP) 46%, aztreonam
(ATM) 45%, tobramycin (TOB) 42% and levofloxacin (LEV) 33%. 58% of
isolates were resistant to more than two groups of antibiotics and were
regarded as multidrug resistant (MDR).
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1.Introduction
Pseudomonas aeruginosa is a gram-negative, opportunistic bacterium that poses a significant
challenge to public health due to its high adaptability, natural resistance to many antibiotics, and
ability to thrive in various environments (Mangi, Phulpoto, Qazi, & Kanhar, 2016; Uddin, Jabeen,
Saadat Mehmood, & Rizwan, 2018). Known for causing a wide array of infections, it is
particularly dangerous for immunocompromised individuals, including patients with cancer,
cystic fibrosis, diabetes, AIDS, and those undergoing organ transplants or chemotherapy (A.
Ahmad et al., 2021). The bacterium’s unique capacity to form biofilms and resist both immune
responses and antibiotic treatment has made it a major cause of concern in hospital and
community settings alike (Ali Syed et al., 2024; Rehman et al., 2023). Infection by P. aeruginosa
is often nosocomial in nature, being one of the leading pathogens in hospital-acquired pneumonia,
urinary tract infections (UTIs), sepsis, and wound infections. Its transmission is facilitated
through contaminated surfaces and water sources such as hospital sinks, medical equipment, and
humidifiers (J. Ahmad & Ahmad; Khan et al., 2023). The organism is also commonly found in
community water sources like public swimming pools, Jacuzzis, and spas, further contributing to
its spread. Individuals using ventilators, urinary catheters, or undergoing frequent medical
procedures are particularly vulnerable due to compromised physical and immune defenses (Javed
et al., 2023). Globally, the rise of multidrug-resistant (MDR) strains of P. aeruginosa has added
complexity to its management. The bacterium’s mechanisms of resistance include the production
of beta-lactamases and extended-spectrum beta-lactamases (ESBLs), reduced permeability of the
outer membrane, efflux pumps, and genetic mutations (Aziz et al., 2022; Shah et al., 2023;
URREHMAN, NAILA, & JUNAID AHMAD). These factors significantly limit the
effectiveness of commonly used antibiotics like ciprofloxacin, levofloxacin, gentamicin, and
certain cephalosporins (Kumari, Narwal, & Agrawal, 2020). The World Health Organization and
Centers for Disease Control and Prevention have classified MDR P. aeruginosa as a serious
public health threat, especially in intensive care settings. In Pakistan, and particularly in the
region of Mingora, Swat (Khyber Pakhtunkhwa), there is a scarcity of localized, evidence-based
research on the epidemiology of P. aeruginosa infections (Jamal et al., 2024; Mahaseth,
Chaurasia, Jha, & Sanjana, 2020). The patterns of infection in relation to age and gender, as well
as the antibiotic susceptibility profiles specific to the local population, remain poorly understood.
This lack of data presents a challenge for clinicians and public health professionals attempting to
implement effective treatment strategies and antibiotic stewardship programs (Singh).
Understanding the age and gender-wise occurrence of P. aeruginosa infections in Mingora is
crucial for identifying high-risk populations and tailoring targeted interventions. Moreover,
evaluating the efficacy of commonly used antibiotics in the region is essential for guiding
empirical therapy and reducing the spread of resistant strains. This study aims to fill the gap in
regional data by investigating the distribution of P. aeruginosa infections across different
demographic groups and analyzing the effectiveness of commonly prescribed antibiotics,
including fluoroquinolones and beta-lactam-based therapies.
2. Materials and Methods
2.1 Materials
This study used MacConkey agar for bacterial isolation and Muller Hinton agar (MHA) for
antibiotic sensitivity testing. Laboratory tools included sterile Petri dishes, swabs, loops, test
tubes, and filter paper. Biochemical reagents such as crystal violet, iodine, ethanol, safranin,
oxidase reagent, hydrogen peroxide, bromothymol blue, Ehrlich’s reagent, and Kovac’s reagent
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were used. Eleven antibiotic discs, including ciprofloxacin, levofloxacin, gentamicin, and
imipenem, were applied. Standard lab equipment like an autoclave, incubator, refrigerator,
Bunsen burner, and light microscope were also used.
2.2 Data Collection
The data for this study was collected from Saidu Teaching Hospital, Swat, after receiving ethical
clearance and written permission from the hospital's ethical committee and the Department of
Pathology. Patient records were reviewed, and data from 240 patients with culture-confirmed
Pseudomonas aeruginosa infections were selected. These patients were admitted to the hospital
with clinical signs and laboratory confirmation of infection. Only those individuals who met the
defined inclusion criteria were considered for analysis.
2.3 Media Preparation
Two different culture media were prepared and used throughout the study. MacConkey agar was
utilized for the isolation of P. aeruginosa from patient samples, as it allows for the selective
growth of gram-negative bacteria. Muller Hinton agar (MHA) was prepared for antibiotic
sensitivity testing following the standard protocol. Both media were autoclaved at 121°C for 15
minutes to ensure sterility before use.
2.4 Identification of P. aeruginosa
Samples from various clinical sources were cultured. Identification was done using biochemical
tests. Gram staining showed gram-negative rods. Positive catalase and oxidase tests confirmed
the species. The urease and indole tests were negative, while citrate and TSI tests confirmed
further characteristics typical of P. aeruginosa.
2.5 Antimicrobial Susceptibility Assay
Antibiotic susceptibility testing was performed using the Kirby-Bauer disc diffusion method on
Muller Hinton agar plates. A pure colony of P. aeruginosa was inoculated into a saline
suspension adjusted to 0.5 McFarland standard. The bacterial suspension was then evenly
swabbed across the MHA plate surface. Once dried, antibiotic discs were carefully placed on the
agar surface and the plates were incubated at 37°C for 24 hours in a microaerophilic environment.
After incubation, the diameters of the zones of inhibition around each antibiotic disc were
measured and interpreted according to guidelines from the Clinical and Laboratory Standards
Institute (CLSI) and the European Committee on Antimicrobial Susceptibility Testing
(EUCAST). The results provided insight into the resistance and susceptibility patterns of the
isolated P. aeruginosa strains
3. Results
3.1. Age-wise Distribution of P. aeruginosa Patients
A total of 240 Pseudomonas aeruginosa positive patient records were collected from Saidu
Teaching Hospital, Swat, and analyzed for age-wise distribution. Patients were categorized into
three age groups: 18–30 years, 31–40 years, and 41–50 years. The highest number of cases, 97
patients (40.4%), was recorded in the 18–30 years age group. This was followed by 81 patients
(33.8%) in the 31–40 years group, and 62 patients (25.8%) in the 41–50 years group. These
findings indicate that younger adults, particularly those aged 18–30, are more frequently affected
by P. aeruginosa infections. The higher infection rate in this group may be linked to increased
exposure to public settings, hospital visits, or weakened immunity due to lifestyle or
occupational factors. It also suggests that preventive strategies should focus more on younger
adults who may not be traditionally viewed as high-risk (Table 1). Further investigation is
needed to understand the behavioral or environmental causes of this trend
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Table 1: Show the Ag-wise distribution of P. aeruginosa patients
Age distribution Number of patients

(n=240)
Percent

18 to 30 years 97 40.4
31 to 40 years 81 33.8
41 to 50 years 62 25.8
3.2. Gender-wise Distribution of P. aeruginosa Patients
Among the 240 Pseudomonas aeruginosa positive cases analyzed at Saidu Teaching Hospital,
Swat, gender-wise distribution revealed a higher incidence in males compared to females. Of the
total patients, 140 (58.3%) were male, while 100 (41.7%) were female. This noticeable
difference suggests that males may be at greater risk of acquiring P. aeruginosa infections. The
higher prevalence in males could be influenced by a variety of factors, including greater
occupational exposure, more frequent interaction with contaminated environments, or increased
likelihood of undergoing invasive medical procedures. Additionally, lifestyle habits and
healthcare-seeking behavior may contribute to this disparity. Understanding gender-specific
trends is essential for developing targeted infection control measures and raising awareness in
high-risk groups. Further investigation is recommended to determine the precise factors driving
the higher infection rate among males. (Fig.1).

Figure 1: Pie chart showing gender-wise distribution of Pseudomonas aeruginosa patients
3.2. Biochemical Test
The results of the identification tests confirmed the presence of Pseudomonas aeruginosa in all
240 clinical isolates. Gram staining showed gram-negative rod-shaped bacteria. The catalase and
oxidase tests were positive, supporting the identification of P. aeruginosa. The urease and indole
tests were negative, differentiating it from other similar organisms. The citrate test showed a
positive result, indicated by a color change from green to blue. In the Triple Sugar Iron (TSI) test,
an alkaline slant with no sugar fermentation was observed, confirming non-fermentative
characteristics. These biochemical test results collectively verified the identity of P. aeruginosa
in the collected samples. (Fig. 2).
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Figure 2. Show the biochemical test result (A) MacConkey agar (B) catalase test (C) Oxidase
test (D) Urease, TSI, citrate and indole

3.3. Antimicrobial susceptibility of P. aeruginosa Isolates
The antimicrobial resistance (AMR) patterns of Pseudomonas aeruginosa isolates tested against
eleven commonly used antibiotics revealed important insights. Ciprofloxacin showed the highest
in vitro activity, with 72% of isolates being susceptible, followed closely by amikacin (70%) and
ceftazidime (63%). Other antibiotics with moderate effectiveness included imipenem (52%),
piperacillin/tazobactam (50%), cefepime (46%), and aztreonam (45%). Tobramycin showed 42%
susceptibility, while sulzone and levofloxacin had notably lower rates at 28% and 33%
respectively. More than half of the isolates (58%) exhibited resistance to multiple classes of
antibiotics, highlighting the significant presence of multidrug-resistant strains. The highest
resistance rates were observed for levofloxacin (67%) and gentamicin (60%). Despite this, many
levofloxacin-resistant isolates remained susceptible to ciprofloxacin and amikacin, suggesting
these antibiotics may still be effective alternatives in cases of resistance (Fig. 3). These findings
underscore the need for ongoing antimicrobial surveillance and informed antibiotic prescribing
practices to manage P. aeruginosa infections effectively.
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Figure 3: Antibiotic sensitivity and resistance profile of P. aeruginosa Isolates
4. Discussion
The findings of this study reveal significant insights into the antimicrobial resistance (AMR)
patterns of Pseudomonas aeruginosa in clinical isolates from Saidu Teaching Hospital, Swat.
Among the eleven antibiotics tested, ciprofloxacin emerged as the most effective agent, with a
susceptibility rate of 72%, followed by amikacin (70%) and ceftazidime (63%). These results
suggest that fluoroquinolones and aminoglycosides still hold considerable therapeutic value in
treating P. aeruginosa infections in this region, especially when guided by susceptibility profiles.
The observed multidrug resistance rate of 58% aligns with global concerns about the increasing
prevalence of MDR P. aeruginosa. High resistance levels were recorded against levofloxacin
(67%) and gentamicin (60%), which is consistent with similar studies conducted in other parts of
Pakistan and internationally. For instance, a study by (Sujatha, Afaq, & Sameer) reported
ciprofloxacin resistance of 54% and levofloxacin resistance of 66% among P. aeruginosa
isolates, which closely matches our findings. Similarly, (Khatri, Bharty, Prakash, & Chourasiya,
2021) found 54% of isolates resistant to ciprofloxacin, but also noted that approximately 46%
remained sensitive, highlighting the regional variability in susceptibility trends. In contrast, a
study from India by (Damrolien) noted even higher resistance rates to fluoroquinolones and beta-
lactam antibiotics, emphasizing the need for local AMR surveillance. The moderate
susceptibility to imipenem (52%) and piperacillin/tazobactam (50%) in our study is slightly
lower than reported in earlier studies, suggesting a possible trend of declining carbapenem and
extended-spectrum beta-lactam activity. These findings raise concerns about the narrowing
spectrum of effective treatment options and reflect the need to preserve the efficacy of last-resort
antibiotics through stewardship programs (India & Ramanath; Ojha, Sah, Karn, & Parajuli, 2024).
Interestingly, despite high resistance to levofloxacin, many isolates remained susceptible to
ciprofloxacin and amikacin. This observation may point to differences in resistance mechanisms
and supports the use of combination therapy, particularly in severe or hospital-acquired
infections (Siddiquie & Mishra, 2014). Similar patterns were observed by (Ahmed, Kamal,
Kamran, & Zaidi, 2016), who emphasized the value of dual-antibiotic strategies in combating
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resistant P. aeruginosa strains. The resistance pattern observed in this study reinforces the
importance of routine culture and sensitivity testing before initiating empirical therapy (Ahmed
et al., 2016; Thukral & Saxena, 2019). Empirical use of antibiotics without laboratory
confirmation can contribute to the rise of MDR organisms. Therefore, continuous regional
monitoring of AMR trends and incorporation of susceptibility data into treatment guidelines are
essential for optimizing patient outcomes and minimizing the development of resistance.
5. Conclusion
This study highlights the concerning prevalence of multidrug-resistant Pseudomonas aeruginosa
among clinical isolates in Saidu Teaching Hospital, Swat. While antibiotics such as ciprofloxacin,
amikacin, and ceftazidime showed relatively high effectiveness, a significant proportion of
isolates exhibited resistance to multiple antibiotic classes, particularly levofloxacin and
gentamicin. These findings emphasize the urgent need for regular antimicrobial susceptibility
testing, rational antibiotic prescribing, and robust infection control practices. Furthermore, the
high rate of resistance underscores the importance of local surveillance data to guide appropriate
empirical therapy. Continued monitoring and awareness are essential to combat the growing
threat of antimicrobial resistance and ensure effective treatment of P. aeruginosa infections in
both hospital and community settings.
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