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Abstract
Nosocomial infections (NIs) are a significant global health issue, specifically in 
intensive care units (ICUs). The study aims to identify the bacterial profiles and 
antimicrobial resistance patterns of NI pathogens in the ICU of a tertiary care hospital, 
with the goal of informing effective treatment and infection control approaches. This 
cross-sectional, descriptive study was conducted between March 2024 and March 
2025 in the ICUs of Saidu Teaching Hospital. Clinical samples were collected from 
patients who had acquired signs of infection after 48 h of admission. Identification 
and antimicrobial susceptibility of bacteria were conducted using standard 
microbiological and Kirby–Bauer disc diffusion techniques. Multidrug resistance 
(MDR) was defined as non-susceptibility to at least one agent in three or more 
antimicrobial categories. Among 450 admitted patients, 112 (24.9%) had clinical NIs, 
and 98 (21.8%) were microbiologically verified. Gram-negative bacilli predominated 
(78.6%), followed by Acinetobacter baumannii (27.7%) and Pseudomonas aeruginosa 
(21.4%). Ventilator-associated pneumonia (45.5%) and catheter-associated urinary 
tract infections (28.6%) were the most common sites of infection. The prevalence 
of MDR was alarming, 76.8% overall, with 100% of A. baumannii and K. pneumoniae 
being MDR. Carbapenem resistance was found to be high (A. baumannii: 93.5, 
K. pneumoniae: 72.2). Most Gram-negative isolates were mostly susceptible to colistin. 
NIs tend to have a high burden in the ICU, as observed in this study, particularly with 
Gram-negative bacteria that exhibit MDR. The extreme prevalence of carbapenem-
resistant A. baumannii and K. pneumoniae signals an highlights a crisis in antimicrobial 
resistance. These findings underscore the importance of implementing robust 
infection prevention and control policies, executing rigorous antibiotic stewardship 
initiatives, and maintaining ongoing local surveillance to inform empirical treatment 
and improve patient outcomes.
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1. Introduction
Nosocomial infections (NIs), also known as hospital-
acquired infections, refer to infections that a patient 
contracts during the period of his or her stay in a healthcare 
facility, most frequently after 48  h of admission.1 These 
infections continue to be a major global health issue due 
to their effects on patient safety, extended hospitalization, 
unnecessary medical expenses, morbidity, and death. 
Intensive care units (ICUs), accommodating highly frail 
patients and requiring specialized attention, are the most 
susceptible areas to the emergence of NIs.2 ICUs are 
especially prone to outbreaks due to the performance of 
invasive procedures, the presence of immunocompromised 
individuals, and increased use of medical equipment.3

Infections in the ICUs include ventilator-associated 
pneumonia (VAP), bloodstream infections, catheter-
associated urinary tract infections (CA-UTIs), and surgical 
site infections (SSIs).4 Such infections are mainly associated 
with invasive devices such as endotracheal tubes, central 
venous catheters, and urinary catheters, as these devices 
serve as entry points for disease-causing microorganisms.5 
The frequent use of broad-spectrum antibiotics in ICUs 
interferes with the native microbiota, thereby increasing 
the colonization process of opportunistic and multidrug-
resistant (MDR) pathogens.6

Bacterial pathogens are the most common cause of 
ICU-acquired infections.7 Common gram-negative bacilli 
that are frequently isolated in ICUs include Pseudomonas 
aeruginosa, Acinetobacter baumannii, Klebsiella 
pneumoniae, and Escherichia coli.8 These pathogens have 
evolved advanced immunological resistance to extended-
spectrum β-lactamases (ESBLs) and carbapenemases, 
rendering most traditional antibiotics inefficient against 
them.9 Gram-positive disease-causing organisms, especially 
methicillin-resistant Staphylococcus aureus (MRSA) and 
Enterococcus species, are significant contributors to the 
epidemiology of NIs.10

The emergence and transmission of MDR organisms in 
an ICU pose a significant treatment challenge. Infections 
associated with MDR bacteria have been associated with a 
lack of therapy, poor patient outcomes, and high morbidity.11 
The unjustified and overuse of antibiotics within the hospital’s 
premises, the absence of effective infection control measures, 
and the absence of a monitoring system only exacerbate the 
issue of antimicrobial resistance.12 To overcome this problem, 
more effective infection prevention measures and initiatives 
to increase the general knowledge of the local bacterial 
ecology and resistance trends within ICUs are needed.13

Observation of bacterial pathogens and their sensitivity 
to antimicrobials is critical for guiding empirical therapy.14 

Most patients with severe illnesses require empirical 
treatment, which is initiated before laboratory diagnosis; 
therefore, identifying the most frequent organisms 
and their sensitivity patterns is crucial for effective and 
timely treatment.15 As a valuable source of information, 
surveillance data can be used to formulate hospital-specific 
antibiotic policies and stewardship programs to curb the 
misuse of antimicrobials and antimicrobial resistance.16 
NIs pose a significant clinical and economic burden; 
therefore, it is imperative to ensure continuous monitoring 
of bacterial profiles and resistance patterns in the ICU.13 
Evidence-based information can help clinicians select 
effective therapies, increase infection prevention efforts, 
and ultimately improve patient outcomes.17

Despite global recognition of NIs as a major ICU threat, 
data from Pakistan remain sparse, hindering hospital-
specific empirical therapy and policy development. 
Hence, this study addresses this regional gap by profiling 
the spectrum of bacteria associated with ICU-acquired 
infections and assessing antimicrobial resistance patterns, 
which may play a significant role in managing the infection 
situation and promoting antibiotic stewardship in the ICU 
setting in Pakistan.

2. Materials and methods
2.1. Study design and setting

This descriptive, cross-sectional study was conducted 
at the ICUs of the Microbiology Department of Saidu 
Teaching Hospital, Swat, from March 1, 2024, to March 
1, 2025. Patients admitted to the ICUs who developed 
signs and symptoms of infection after 48 h of hospital stay 
were selected as the target population, thereby satisfying 
the requirements for NIs (VAP, CA-UTI, central line-
associated bloodstream infections, & SSI).

2.2. Study population and inclusion criteria

The inclusion criteria were all ICU patients, regardless of age 
or gender, who presented with clinical features suggestive 
of NIs (fever, elevated inflammatory markers, purulent 
secretions, or sepsis). Patients who had documented 
infections at the time of ICU admission or had infections 
acquired within 48 h of hospitalization were excluded.

2.3. Sample collection

Aseptic clinical specimens were collected according 
to the location of suspected infection. These included 
blood samples from suspected bloodstream infections, 
endotracheal or bronchoalveolar lavage samples from 
VAP, urine samples from CA-UTIs, and pus/wound swabs 
from SSIs. All specimens were immediately taken to the 
microbiology laboratory, where they were processed.
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2.4. Microbiological analysis

The specimens were cultured on routine bacteriological 
media, including blood agar, MacConkey agar, and 
chocolate agar, and incubation was performed at 35–37°C 
for 24–48  h. Bacterial isolates were identified by their 
morphology, Gram staining, and through common 
biochemical tests (catalase, coagulase, oxidase, indole, 
citrate utilization, urease, and TSI reactions). Confirmation 
was done through automated systems such as VITEK 2 
(BioMérieux, France) or matrix-assisted laser desorption/
ionization time-of-flight (2024 Model, NeofleX, France).18

2.5. Antimicrobial susceptibility testing

All bacterial isolates were tested for antimicrobial 
susceptibility using the Kirby–Bauer disc diffusion 
method, as per the guidelines of the Clinical and 
Laboratory Standards Institute. Eight types of commonly 
used antibiotics in ICU settings, including piperacillin-
tazobactam, ceftriaxone, cefepime, meropenem, amikacin, 
gentamicin, ciprofloxacin, colistin, vancomycin, and 
linezolid, were tested. MDR was defined as non-
susceptible to at least one agent in three or more classes of 
antimicrobials. The combined disc test was used to detect 
ESBL production, whereas carbapenem resistance was 
detected through the modified Hodge test or automated 
susceptibility systems.19

2.6. Ethical considerations

Ethical approval for this study was obtained from the 
Institutional Review Board of Saidu Teaching Hospital 
(Reference no.: 1754).

2.7. Data analysis

Categorical data are presented as frequencies and 
percentages. The Chi-square test was applied to the 
distribution of pathogens among sites of infection. The mean 
number of resistant antibiotic classes in Gram-negative and 
Gram-positive isolates was compared using an independent 
sample t-test. A p<0.05 was considered significant. The data 
analyses were conducted using the Statistical Package for 
the Social Sciences software (version 23.0).

3. Results
3.1. Demographic and clinical characteristics

A total of 450 patients were admitted to the ICUs during the 
1-year study period. Among them, 112 patients developed 
clinical signs and symptoms suggestive of a NI after 48 h 
of admission, yielding an overall incidence rate of 24.9%. 
After microbiological confirmation, 98 patients were found 
to have positive cultures, resulting in a confirmed NI rate 
of 21.8%.

The demographic and clinical characteristics of the 
98 patients with confirmed infections are summarized in 
Table 1. The mean age of the patients was 58.7 ± 16.2 years, 
with a male predominance (62.2%, n = 61). The most 
common underlying comorbidities were hypertension 
(44.9%), diabetes mellitus (38.8%), and chronic kidney 
disease (18.4%). The majority of patients (85.7%, 
n = 84) had undergone invasive procedures, primarily 
mechanical ventilation (71.4%, n = 70) and central venous 
catheterization (67.3%, n = 66).

3.2. Distribution of infection sites and bacterial 
isolates

A total of 112 bacterial pathogens were isolated from the 
98 patients, as some patients had polymicrobial infections. The 
most common site of infection was the respiratory tract (VAP; 
45.5%, n = 51), followed by urinary tract (CA-UTI; 28.6%, 
n = 32), bloodstream (central line-associated bloodstream 
infection; 16.1%, n = 18), and surgical sites (9.8%, n=11).

Gram-negative bacilli were the predominant 
pathogens, accounting for 78.6% (n = 88) of all isolates. 
The most frequently isolated organisms were A. baumannii 
(27.7%, n = 31), followed by P. aeruginosa (21.4%, n = 24), 
K. pneumoniae (16.1%, n = 18), and E. coli (13.4%, n = 15). 
Gram-positive cocci constituted 21.4% (n = 24) of the 
isolates, with S. aureus (14.3%, n = 16) being the most 
common, of which 81.3% (n = 13) were identified as 
MRSA. The distribution of pathogens is detailed in Table 2.

A Chi-square test of independence was performed 
to examine the relation between infection site and type 

Table 1. Demographic and clinical characteristics of study 
participants (n=98)

Characteristics Values

Age (years), mean±standard deviation 58.7±16.2

Gender

Male 61 (62.2%)

Female 37 (37.8%)

Comorbidities

Hypertension 44 (44.9%)

Diabetes mellitus 38 (38.8%)

Chronic kidney disease 18 (18.4%)

Chronic obstructive pulmonary disease 15 (15.3%)

Invasive procedure

Mechanical ventilation 70 (71.4%)

Central venous catheter insertion 66 (67.3%)

Urinary catheter insertion 89 (90.8%)

Surgery 32 (32.7%)

Note: Data presented as n (%), unless stated otherwise.
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of pathogen (Gram-negative vs. Gram-positive). The 
association between these variables was statistically 
significant (χ2[3, n = 112]: 11.83; p=0.008), indicating that 
Gram-negative bacteria were significantly more likely to be 
associated with VAP and CA-UTI.

3.3. Antimicrobial resistance patterns

Antimicrobial resistance was highly prevalent among 
the isolates. The total incidence of MDR organisms was 
76.8%. All the isolates of A. baumannii and K. pneumoniae 
were MDR. A. baumannii (93.5%) and K. pneumoniae 
(72.2%) recorded the highest proportion of resistance 
to carbapenem. Gram-negative isolates did not exhibit 
resistance to last-line agents, such as colistin (<7%), and 
resistance to vancomycin or linezolid was not detected in 
S. aureus isolates. Resistance profiles are detailed in Table 3.

Carbapenem resistance was notably high, particularly 
in A. baumannii (93.5%) and K. pneumoniae (72.2%). 
The modified Hodge test confirmed carbapenemase 
production in 83.3% of carbapenem-resistant 
K. pneumoniae isolates. ESBL production was detected 
in 88.9% (16/18) of K. pneumoniae and 73.3% of E. coli 
isolates.

An independent samples t-test was conducted to 
compare the mean number of antibiotic classes to which 
isolates were resistant in Gram-negative versus Gram-
positive organisms. Gram-negative isolates (mean = 5.2, 
standard deviation = 1.4) were resistant to significantly 
more antibiotic classes than Gram-positive isolates 
(mean = 3.1, standard deviation = 1.1; t[110] = 8.17; 
p<0.001).

Table 2. Distribution of bacterial isolates by infection site (n=112)

Bacterial isolate VAP (n=51) CA‑UTI (n=32) CLABSI (n=18) SSI (n=11) Total (%)

Acinetobacter baumannii 20 4 5 2 31 (27.7)

Pseudomonas aeruginosa 15 3 4 2 24 (21.4)

Klebsiella pneumoniae 7 8 2 1 18 (16.1)

Escherichia coli 2 10 2 1 15 (13.4)

Methicillin‑resistant Staphylococcus aureus 5 1 3 2 11 (9.8)

Methicillin‑susceptible Staphylococcus aureus 1 1 1 2 5 (4.5)

Enterococcus spp. 1 3 1 0 5 (4.5)

Others 0 2 0 1 3 (2.7)

Total 51 32 18 11 112 (100)

Abbreviations: CA‑UTI: Catheter‑associated urinary tract infection; CLABSI: Central line‑associated bloodstream infection; SSI: Surgical site infection; 
VAP: Ventilator‑associated pneumonia.

Table 3. Antimicrobial resistance patterns of predominant bacterial isolates

Antibiotic agent Acinetobacter 
baumannii (n=31) (%)

Pseudomonas 
aeruginosa (n=24) (%)

Klebsiella pneumoniae 
(n=18) (%)

Escherichia coli 
(n=15) (%)

Staphylococcus 
aureus (n=16) (%)

Piperacillin‑tazobactam 100 70.8 88.9 66.7 ‑

Ceftriaxone 100 ‑ 100 73.3 ‑

Cefepime 100 75.0 94.4 66.7 ‑

Meropenem 93.5 45.8 72.2 26.7 ‑

Amikacin 80.6 29.2 55.6 20.0 ‑

Ciprofloxacin 96.8 62.5 83.3 60.0 ‑

Gentamicin 90.3 50.0 77.8 53.3 ‑

Colistin 6.5 4.2 5.6 0 ‑

Oxacillin ‑ ‑ ‑ ‑ 81.3 (MRSA)

Clindamycin ‑ ‑ ‑ ‑ 75.0

Erythromycin ‑ ‑ ‑ ‑ 81.3

Vancomycin ‑ ‑ ‑ ‑ 0

Linezolid ‑ ‑ ‑ ‑ 0

Abbreviation: MRSA: Methicillin‑resistant Staphylococcus aureus.
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4. Discussion
This study presents a critical analysis of bacterial etiology 
and antimicrobial resistance patterns of NIs in the ICUs 
of a tertiary care hospital. The findings reveal that the 
healthcare-associated infection burden is substantial and 
primarily composed of MDR Gram-negative bacteria, 
representing a highly challenging and threatening global 
health trend.

The overall incidence of NIs in our ICU was 24.9%, of 
which 21.8% were confirmed by microbiological analysis. 
Such a rate correlates with other low- and middle-income 
countries, as ICU infection rates are commonly between 
15% and 30%. In contrast, in high-income countries 
with strong infection prevention and control strategies, 
the infection rates are 5–10%.20,21 This gap highlights the 
influence of resource availability, congestion, and variations 
in adherence to infection prevention and control practices 
on the rate of infection.

In line with other studies in many countries, the 
respiratory tract and the urinary tract were the most 
frequent sites of infection.22,23 This is directly due to the 
high rate of invasive devices, such as endotracheal tubes 
and urinary catheters, that disrupt natural host defenses 
and form pathogen conduction. The high statistical 
correlation (p=0.008) between infection site and Gram-
negative pathogens further reinforces the already 
established relationship between these devices and Gram-
negative bacteriology.

Our results show that Gram-negative bacilli were 
predominant (78.6%), with A. baumannii and P. aeruginosa 
as the most common isolates. This is consistent with recent 
data in the International NI Control Consortium, along 
with recent studies in South Asia and the Middle East that 
reported the continual domination of the Acinetobacter 
spp. and Pseudomonas spp. as primary contributors of 
ICU-acquired infection, particularly VAP and bloodstream 
infections.24,25 The high prevalence of A. baumannii is 
alarming, as it has the ability to acquire pan-drug resistance 
and survive in the hospital setting.

There are serious concerns regarding the antimicrobial 
resistance patterns observed in this study. The general rate 
of MDR was 76.8%, which is very high and exceeds most 
current reports. The high proportion of 100% of MDR 
isolates of A. baumannii and K. pneumoniae is indicative of 
a severe resistance crisis in the ICU setting. Of particular 
concern is the high rate of resistance to carbapenems, a 
group of antibiotics typically used as a last-resort agent. 
The 93.5% carbapenem resistance in A. baumannii and 
72.2% in K. pneumoniae are reflective of the concerning 
trends in other locations, including Greece, Italy, and 

some of Asia, which are commonly linked to the spread 
of certain carbapenemase-resistant genes (e.g., OXA-48 in 
Klebsiella, OXA-23/OXA-51 in Acinetobacter).26,27

The prevalence of ESBL-producing K. pneumoniae and 
E. coli is a significant barrier to the use of broad-spectrum 
cephalosporins in empirical therapy. The significantly 
greater mean number of antibiotic classes against which 
Gram-negative isolates were resistant, compared to Gram-
positive isolates (5.2  vs. 3.1, p<0.001), highlights the 
difficulty in treating these infections. The susceptibility 
of most Gram-negative isolates to colistin and Gram-
positives to vancomycin and linezolid supports the roles 
of these agents as essential last-line agents. However, their 
applications should be carefully controlled to prevent the 
development of resistance.

Among Gram-positive bacteria, MRSA represented a 
large fraction (81.3% of S. aureus isolates), which is greater 
than that associated with many Western countries but 
similar to data in some Asian ICUs.28 This highlights the 
ongoing burden of MRSA and the continuous need for 
rigorous screening and contact precautions.

5. Conclusion
This study demonstrated that NIs are high in ICUs due 
to MDR Gram-negative bacilli, with the most common 
pathogens being carbapenem-resistant A. baumannii and 
K. pneumoniae. The widespread resistance to first-line and 
last-resort drugs, which are mostly carbapenems, highlights 
an impending crisis of antimicrobial resistance. These results 
suggest that a multidimensional intervention approach 
should be implemented. The intensity of infection control 
and prevention, particularly of device care and hand hygiene, 
should be increased to minimize infection. Ongoing local 
monitoring represents a crucial step in informing empirical 
treatment guidelines and surveillance of the evolving 
microbial threat to enhance patient safety and clinical 
outcomes in the intensive care setting. While this single-
center study from Pakistan addresses a critical regional 
evidence gap, its generalizability is limited. Future studies 
should include multicenter studies with cohorts nationwide 
to facilitate national validation and inform policy impact.
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