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Abstract: Pseudomonas aeruginosa is a leading opportunistic pathogen in hospital 

settings and is increasingly associated with multidrug resistance (MDR), which narrows 
therapeutic options and worsens patient outcomes. Local surveillance data from 
tertiary care settings in Pakistan remain limited. This study aimed to determine the 
frequency of MDR P. aeruginosa among clinical isolates and to characterize their 
antibiotic susceptibility profile. We conducted a cross-sectional study over three 
months (March–May 2021) in the microbiology laboratory of a tertiary care hospital 
in Lahore. A total of 53 non-duplicate clinical specimens yielding P. aeruginosa were 
included. We identified isolates by standard morphological and biochemical methods. 
Antimicrobial susceptibility was determined by the Kirby–Bauer disc-diffusion method 
on Mueller–Hinton agar against eight antibiotics, with each assay performed in 
triplicate. Of the 53 isolates, 22 (41.5%) were multidrug-resistant. The cohort 
comprised 33 males (62.3%) and 20 females (37.7%), with most isolates recovered 
from patients aged 31–50 years. Resistance was highest to cefepime (45.3%) and 
lowest to amikacin and meropenem (30.2% each). Amikacin and meropenem were the 
most effective agents (69.8% susceptibility each), followed by imipenem (67.9%). 
Cefepime was the least effective agent tested. A high burden of MDR P. aeruginosa 
(41.5%) was observed. Aminoglycosides (amikacin) and carbapenems (meropenem, 
imipenem) retained the greatest activity and represent the most reliable empirical 
options in this setting, whereas cefepime should be used with caution. Continued 
antimicrobial stewardship and periodic local surveillance are warranted. 
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Introduction 

Pseudomonas aeruginosa is a Gram-negative, aerobic, 
non-fermenting bacillus that ranks among the most 
important opportunistic pathogens in healthcare 
environments [1]. Its remarkable metabolic versatility, 
capacity to survive on moist surfaces and medical 
devices, and intrinsic resistance to numerous 
antimicrobial classes make it a frequent cause of 
nosocomial infections, including ventilator-associated 
pneumonia, catheter-associated urinary tract 

infections, bloodstream infections, and burn-wound 
sepsis [2, 3]. The clinical threat posed by this organism 
is compounded by its ability to acquire and express 
diverse resistance mechanisms, including efflux pump 
overexpression [4], reduced outer-membrane 
permeability through porin loss [5], production of 
AmpC β-lactamases and carbapenemases [6], and 
target-site modification [7]. The convergence of these 
mechanisms gives rise to multidrug-resistant (MDR) 
phenotypes, conventionally defined as acquired non-
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susceptibility to at least one agent in three or more 
antimicrobial categories [8]. MDR P. aeruginosa 
infections are associated with prolonged 
hospitalization, higher treatment costs, and increased 
mortality [9]. Antimicrobial resistance is a particularly 
pressing concern in low- and middle-income countries, 
where over-the-counter antibiotic availability, 
incomplete treatment courses, and limited 
stewardship infrastructure accelerate the emergence 
of resistant strains [10, 11]. Local, setting-specific 
susceptibility data are essential for guiding rational 
empirical therapy, yet such data remain sparse for 
many tertiary care hospitals in Pakistan [12]. 

 This study was therefore undertaken to 
determine the frequency of MDR P. aeruginosa among 
clinical isolates at a tertiary care hospital in Lahore and 
to characterize the in vitro susceptibility of these 
isolates to eight commonly used anti-pseudomonal 
antibiotics spanning the cephalosporin, carbapenem, 
aminoglycoside, and fluoroquinolone classes. The 
findings are intended to inform local empirical 
prescribing and to contribute to the broader 
antimicrobial-resistance surveillance evidence base. 

Materials and Methods 

Study design and setting 

This was a cross-sectional study conducted in the 
microbiology laboratory of a tertiary care hospital in 
Lahore, Pakistan, over a three-month period from 
March to May 2021. 

Sample size and eligibility 

A total of 53 non-duplicate clinical specimens yielding 
P. aeruginosa were included by consecutive sampling. 
All P. aeruginosa isolates recovered during the study 
period, regardless of patient age or sex, were eligible 
for inclusion; both susceptible and multidrug-resistant 
isolates were retained. Specimens yielding organisms 
other than P. aeruginosa were excluded. 

Specimen collection and transport 

Urine specimens and burn, wound, ear, hand, nasal 
and throat swabs were collected aseptically into sterile 
containers and on sterile swabs from various wards 
and units of the hospital [13]. All specimens were 
transported to the microbiology laboratory at room 
temperature and processed as soon as possible after 
collection [14]. 

 

Isolation and identification 

Specimens were inoculated onto cysteine–lactose–
electrolyte-deficient (CLED) agar, nutrient agar, blood 
agar, and MacConkey agar and incubated aerobically 
[15]. Colonies were identified as P. aeruginosa using 
standard microbiological procedures, including 
colonial morphology, Gram staining, and a panel of 
biochemical tests: catalase, oxidase, indole, citrate 
utilization, urease, triple-sugar-iron (TSI) reaction, and 
lactose fermentation [16]. 

Antimicrobial susceptibility testing 

Antimicrobial susceptibility was determined by the 
Kirby–Bauer disc-diffusion method on Mueller–Hinton 
(MH) agar. The following antibiotic discs were tested: 
cefepime (30 µg), ceftazidime (30 µg), imipenem (10 
µg), meropenem (10 µg), amikacin (30 µg), gentamicin 
(10 µg), tobramycin (10 µg), and ciprofloxacin (5 µg) 
[17]. Discs were applied to freshly prepared MH plates 
and incubated at 37°C for 24 hours. Zones of inhibition 
were measured and interpreted as susceptible or 
resistant according to standard reference criteria. To 
ensure reproducibility, each assay was performed in 
triplicate. Isolates non-susceptible to agents in three or 
more antimicrobial categories were classified as 
multidrug-resistant [18]. 

Data analysis 

Data were entered and analyzed using standard 
statistical software. Categorical variables, including 
susceptibility and resistance frequencies for each 
antibiotic and the distribution of isolates by age and 
sex, were summarised as frequencies and percentages 
and are presented in tabular and graphical form [19]. 

Results 

Pseudomonas aeruginosa was isolated from all 53 
clinical specimens. Of these, 22 isolates (41.5%) were 
multidrug-resistant. The specimen distribution 
comprised 17 urine specimens, 11 burn swabs, 6 
wound swabs, 7 ear swabs, and 12 specimens obtained 
collectively from hand, nasal, and throat swabs. 

Demographic distribution 

The study population consisted of 33 males (62.3%) 
and 20 females (37.7%). Isolates were recovered 
across all age groups except the 71–80-year band, from 
which no specimens were obtained. The highest 
number of isolates originated from patients aged 31–
40 years (n = 12) and 41–50 years (n = 11) (Figures 1 
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and 2. Table 1 summarises the age- and sex-wise 
distribution. 

Table 1. Distribution of P. aeruginosa isolates by 
patient age group and sex. 

Age group (years) Male Female Total 

0–10 7 1 8 

11–20 1 1 2 

21–30 6 2 8 

31–40 5 7 12 

41–50 5 6 11 

51–60 5 2 7 

61–70 3 1 4 

71–80 0 0 0 

81–90 1 0 1 

Total 33 20 53 

 

Figure 1. Distribution of male and female P. aeruginosa 
isolates across age groups. 

 

 

Figure 2. Distribution of clinical specimen types (n=53). 

Antibiotic susceptibility and resistance profile 

Table 2 presents the susceptibility and resistance 
frequencies of P. aeruginosa to each of the eight 
antibiotics tested, and Figure 3 visualizes these results. 
Susceptibility ranged from 54.7% (cefepime) to 69.8% 
(amikacin and meropenem). 

Table 2. Summary of susceptibility and resistance of P. 
aeruginosa to all eight antibiotics. 

No. Antibiotic Susceptible (%) Resistant (%) 

1 Cefepime 54.7 45.3 

2 Ceftazidime 64.2 35.8 

3 Imipenem 67.9 32.1 

4 Meropenem 69.8 30.2 

5 Amikacin 69.8 30.2 

6 Gentamicin 64.2 35.8 

7 Tobramycin 62.3 37.7 

8 Ciprofloxacin 60.4 39.6 

 

Most and least effective agents 

Amikacin and meropenem demonstrated the highest 
in-vitro activity, with 69.8% of isolates susceptible to 
each, closely followed by imipenem (67.9%). 
Conversely, the highest resistance was observed 
against cefepime (45.3%), which was the least effective 
agent tested. The lowest resistance was recorded 
against amikacin and meropenem (30.2% each), 
identifying amikacin as the single most effective anti-
pseudomonal agent in this cohort. When resistance 
rates were aggregated by antimicrobial class (Figure 
3D), the carbapenems showed the tightest and lowest 
resistance distribution, whereas the cephalosporins 
exhibited the highest and most variable resistance. 

Discussion 

This study documented a substantial burden of 
multidrug resistance among P. aeruginosa clinical 
isolates at a tertiary care hospital in Lahore, with 41.5% 
of isolates classified as MDR [20, 21]. This frequency is 
consistent with reports from other tertiary care 
centers in Pakistan and comparable low- and middle-
income settings [22], where MDR P. aeruginosa 
prevalence has frequently been reported in the range 
of 30–60%, and reinforces the concern that anti-
pseudomonal resistance is now firmly established in 
the region [23].  
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Figure 3. (A) Comparative susceptibility and resistance of P. aeruginosa across the eight antibiotics tested (ranked 
by susceptibility). (B) Antibiotic effectiveness ranking shown as stacked susceptibility versus resistance. (C) 
Resistance rate of P. aeruginosa by antibiotic, ranked from lowest to highest. (D) Distribution of resistance rates 
grouped by antibiotic class. Boxes summarise the constituent agents within each class; individual agents are 
overlaid as points. 

 
 The susceptibility profile observed here has direct 
implications for empirical therapy [24]. Amikacin and 
meropenem retained the greatest activity (69.8% 
susceptibility each), with imipenem close behind 
(67.9%). The strong performance of the 
aminoglycoside amikacin is a recurring finding in the 
regional literature [25] and supports its continued role, 
whether as part of combination therapy or as a 
targeted agent, in managing suspected pseudomonal 
infection [26].  
 The carbapenems likewise remained comparatively 
effective; however, the observation that roughly one-
third of isolates were already carbapenem-resistant is 
an early warning that this class must be preserved 
through judicious use [27]. The comparatively poor 
performance of cefepime, to which nearly half of the 
isolates were resistant, is noteworthy and suggests 
that this fourth-generation cephalosporin may be an 
unreliable empirical choice in this setting [28].  
 Ceftazidime and gentamicin occupied an 
intermediate position (64.2% susceptibility each), 
while the fluoroquinolone ciprofloxacin showed 
relatively high resistance (39.6%), likely reflecting the 
widespread and often unregulated use of 
fluoroquinolones in the community [28]. The 

predominance of male patients (62.3%) and the 
clustering of isolates in the 31–50-year age range is in 
keeping with the demographic patterns reported in 
several hospital-based studies [29], and may reflect 
differences in exposure to trauma, burns, and invasive 
procedures rather than an intrinsic biological 
susceptibility [30].  
 The recovery of isolates from a range of specimen 
types, including urine and burn, wound, ear, and 
respiratory-tract swabs, underscores the versatility of 
P. aeruginosa as a pathogen across multiple body sites 
[31]. Taken together, these findings argue for a 
stewardship strategy that prioritizes amikacin- and 
carbapenem-based regimens for serious pseudomonal 
infection while restricting empirical reliance on 
cefepime and ciprofloxacin, pending culture and 
susceptibility confirmation [32]. Regular local 
antibiograms are essential, as susceptibility patterns 
evolve and cannot be reliably inferred from national or 
international data alone [33]. 

Study limitations: Several limitations should be 
acknowledged. The study was conducted at a single 
center over a relatively short three-month period with 
a modest sample size of 53 isolates, which limits the 
generalisability of the findings and the precision of the 
reported estimates. Susceptibility was assessed by disc 
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diffusion alone, without confirmatory minimum 
inhibitory concentration determination or molecular 
characterization of resistance genes. Clinical outcome 
data and information on prior antibiotic exposure were 
not collected, precluding analysis of MDR risk factors. 
Larger, multicentre, longitudinal studies incorporating 
molecular methods are recommended to build on 
these observations. 

Conclusion 

A high frequency of multidrug-resistant P. aeruginosa 
(41.5%) was identified among clinical isolates at a 
tertiary care hospital in Lahore. Amikacin and 
meropenem, followed by imipenem, were the most 
effective agents and represent the most dependable 
empirical options in this setting, whereas cefepime and 
ciprofloxacin showed limited activity and should be 
used cautiously. These findings highlight the urgent 
need for sustained antimicrobial stewardship, 
infection-control measures, and continued local 
surveillance to preserve the effectiveness of the 
remaining active agents. 
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