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Abstract
Background

Adult ICU patients are highly vulnerable to bacterial infections because of critical iliness, invasive
devices, prolonged hospitalization and antimicrobial exposure. Increasing multidrug resistance,
particularly among Gram-negative pathogens, complicates empirical treatment and requires reliable
local epidemiological surveillance and effective stewardship planning.

Aims

To characterize ICU-associated bacterial pathogens, antimicrobial-resistance patterns, MDR burden,
carbapenem resistance and clinical factors associated with MDR infection in adults.

Methods

A retrospective study analyzed records from ICU patients. Specimens were cultured and isolates
identified using routine procedures. Susceptibility was interpreted using recognized breakpoint
standards. MDR was defined as non-susceptibility to at least one agent in three or more antimicrobial
categories, while carbapenem resistance was assessed among tested Gram-negative isolates.
Descriptive statistics and multivariable logistic regression were performed using Python; associations
were reported as adjusted odds ratios with 95% confidence intervals.

Results

Among 1,135 specimens, isolates demonstrated a substantial resistance burden. Acinetobacter
baumannii showed highest MDR prevalence and carbapenem resistance, followed by Klebsiella
pneumoniae and Pseudomonas aeruginosa. Carbapenem resistance occurred in 87.3% of A. baumannii,
51.0% of P. aeruginosa, 42.8% of K. pneumoniae and 9.7% of Escherichia coli. Recent antibiotic exposure
was the strongest factor associated with MDR infection (adjusted OR, 3.18; 95% Cl, 2.32-4.36; p <
0.001), followed by mechanical ventilation and ICU stay exceeding seven days. Diabetes and chronic
kidney disease were not independently associated after adjustment.

Conclusion

The findings support continuous ICU surveillance, careful antibiotic use and strengthened infection-
prevention practices, while recognizing that this single-cohort study cannot establish causality or
national prevalence.
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1. Introduction

Intensive care units (ICUs) are among the most complicated healthcare settings, which administer high-
level care to patients who have severe infections, organ malfunction, trauma, or the most complex
diseases. ICU patients are highly susceptible to HAls due to bacterial pathogens because they are
exposed to invasive procedures, long stays, and are prescribed a high volume of antimicrobials during
their time in the hospital. Infections often lead to morbidity, mortality, higher healthcare costs, and longer
hospital stays, and they tend to be more prevalent at times of service requirement. Antimicrobial
resistance (AMR) is widely recognized as one of the biggest challenges in modern-day critical care
medicine, affecting the effectiveness of existing antimicrobial therapy and, therefore, treatment options
for critically ill patients [1-3].

Several factors have fueled the spread of AMR worldwide: inappropriate antimicrobial use, selective
pressure from broad-spectrum antibiotics, failure to apply infection control measures, and the spread of
AMR in healthcare environments. Multiple bacterial pathogens associated with intensive care unit (ICU)
infections are listed as priority organisms for urgent action by the World Health Organization [4-6]. They
often have multidrug resistance (MDR) and pose a therapeutic challenge because they are not sensitive
to many available effective antimicrobial agents.

Geographical patterns, healthcare supply and demand, antimicrobial prescribing, and patient
characteristics all affect pathogen patterns and contribute to ICU-associated bacterial infections. Non-
fermentative Gram-negative bacteria (e.g., Acinetobacter baumannii and Pseudomonas aeruginosa) that
can persist in the hospital environment, develop resistance, and form biofilms on medical devices are the
most commonly reported pathogens in the intensive care unit (ICU). Likewise, Klebsiella pneumoniae
and Escherichia coli contribute significantly to bloodstream, urinary tract, and respiratory infections
through extended-spectrum B-lactamase (ESBL) production and carbapenem resistance [7-9]. Other
major causes of ICU infections include clinically important gram-positive organisms such as methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE).

Many patient-specific and HA risk factors strongly determine AMR in ICUs. Patients with life-threatening
illness often need the placement of urinary catheters, central venous catheters, and mechanical
ventilation, which predispose them to a high risk of device-associated infections and enable bacterial
growth. Moreover, three factors are resistant to previous antimicrobial exposure: prolonged stays in the
intensive care unit (ICU) contribute to the selection, emergence, and maintenance of MDR organisms.
Understanding these risk factors is crucial in designing infection prevention programs and tackling
antimicrobial selection, in addition to enhancing antimicrobial stewardship [10, 11].

Increasing resistance in IPNs (particularly carbapenem-resistant Gram-negative bacteria) is a growing
public health threat, as carbapenems are considered last-line antimicrobials for severe infections. The
emergence of carbapenem-resistant A. baumannii, K. pneumoniae, and P. aeruginosa has significantly
limited therapeutic options and negatively affected outcomes. The issue is that the majority of CROs are
resistant to several antimicrobial classes and have fewer treatment options available than usual;
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consequently, they can be more difficult to treat and are becoming resistant more readily to other
antimicrobials and/or newer combinations of antimicrobials, including colistin and newer combinations
of antimicrobials [12-14].

Despite extensive research on AMR patterns among pathogens isolated from ICU patients, resistance
patterns vary significantly across healthcare settings. New pathogens, antimicrobial susceptibilities, and
risk factors continue to vary, as do their distribution and susceptibilities across different parts of the
country and institutions; local epidemiological surveillance remains necessary. Resource and access
limitations, the lack of an effective antimicrobial stewardship system, and antibiotic overuse in many
LMIC countries such as Bangladesh could hasten the spread and emergence of resistant organisms.
However, surveillance data providing more in-depth information on pathogen distribution, antimicrobial
resistance profiles, MDR prevalence, carbapenem resistance, and clinical risk factors are limited,
especially in the ICU.

This study aimed to describe the epidemiology and antimicrobial resistance patterns of adult ICU
patients with bacterial pathogens associated with admission. We evaluated bacterial distribution in
clinical specimens, susceptibility patterns, and MDR prevalence, as well as clinical factors associated
with MDR isolates. This study not only presents an integrated assessment of ICU bacterial pathogens
and resistance patterns but also offers valuable evidence to enhance antimicrobial stewardship,
infection control measures, and the management of critically ill patients.

2. Materials and Methods
2.1 Study Design and Settings

This retrospective observational study included patients with ICU-acquired infections between 1 July
2024 and 29 February 2025 to assess the epidemiology and antimicrobial resistance patterns of ICU-
associated bacterial pathogens in adults. This study was conducted in the adult Intensive Care Unit (ICU)
and data were collected from the routine clinical and laboratory records of patients attending different
tertiary hospitals in Dhaka, Bangladesh. The data included bacterial culture results, pathogen
identification, antimicrobial-susceptibility testing, MDR classification, carbapenem resistance, and
patient-level risk factors. We systematically reviewed all eligible records from the study period.

2.2 Study Population and Eligibility Criteria

Study subjects were adult patients (age > 18 years) admitted to the ICU with suspected bacterial
infection who underwent microbiological studies during the study period. We retrieved and analyzed
clinical records and laboratory results to identify clinically significant bacteria and antimicrobial
resistance patterns. Patients were eligible if clinical information and culture data were available. We
excluded incomplete microbiological data, contaminated cultures, duplicate clinical isolates not clinically
relevant, and very young patients to ensure accurate epidemiological and resistance analysis.

2.3 Clinical Data Collection
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A structured data collection form was used to obtain clinical and demographic data from ICU medical
records and laboratory databases. The table included patient age, sex, primary diagnosis at ICU
admission, exposure factors associated with ICU admission, prior antimicrobial use, presence or use of
invasive devices, underlying comorbidities, and clinical outcomes. Information regarding mechanical
ventilation (MV), central venous catheter (CVC), urinary catheter (UC), intensive care unit (ICU) length of
stay (LOS), and mortality was captured. These variables were analyzed to describe the cohort’s clinical
characteristics and identify potential factors associated with MDR infections.

2.4 Clinical Specimen Collection and Bacterial
Identification

Standard clinical laboratory techniques were used to process clinical samples from adult ICU patients
with suspected bacterial infection. Respiratory samples (endotracheal aspirate and bronchoalveolar
lavage), blood, urine, pus/wound specimens, catheter tips, and cerebrospinal fluid were the specimen
types. We used diagnostic procedures to identify bacterial isolates, followed by standard laboratory
procedures. We recorded the specimen location and pathogen type for each recovered bacterium. We
considered more than one isolate from two specimens collected at different times, or from two different
outbreaks of an infection, as an independent clinical finding when assessing bacterial distribution and
antimicrobial susceptibility.

2.5 Antimicrobial Susceptibility Testing

We performed antimicrobial susceptibility testing (AST) on clinically significant bacterial isolates using
standard microbiological laboratory techniques. We selected antibiotic panels based on bacterial
species and clinical relevance, including commonly used antibiotics for ICU-associated infections. The
antimicrobial groups that were tested were carbapenems, cephalosporins, p-lactam/B-lactamase
inhibitor combinations, fluoroquinolones, aminoglycosides, glycopeptides, oxazolidinones, and
polymyxins (where present). Susceptibility results were assessed using known CLSI/EUCAST
breakpoints. Resistance ratios were determined as the percentage of resistant isolates of the available
tested isolates for each antimicrobial agent. These data enabled assessment of resistance patterns in
all tested pathogens and the overall burden of antimicrobial resistance.

2.6 Definition of Multidrug Resistance (MDR) and
Carbapenem Resistance

According to internationally accepted definitions, we defined multidrug-resistant (MDR) organisms as
bacterial isolates resistant to at least one antimicrobial agent from three or more antimicrobial
categories. We evaluated MDR prevalence among predominant bacterial pathogens associated with ICU
(Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus aureus, and Enterococcus spp.). We defined carbapenem resistance as resistance to at
least one tested carbapenem (meropenem or imipenem). We estimated the burden of critical AMR
phenotypes in bacterial isolates from the ICU using MDR and carbapenem resistance proportions.
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2.7 Risk Factor Analysis for MDR Infections

We assessed two sets of clinical risk factors for MDR infections to determine their independent
association with antimicrobial resistance in ICU patients. We analyzed the following variables:
antimicrobial exposure in the previous 90 days, previous ICU admission, advanced age (= 65 y), central
venous catheterization, urinary catheterization, diabetes mellitus, chronic kidney disease, mechanical
ventilation, and prolonged ICU stay (> 7 days). We estimated univariate associations of each risk factor
with MDR infection status, followed by multivariable logistic regression analysis. We expressed the
effect of each factor as an adjusted odds ratio (aOR) with a 95% confidence interval (Cl) to assess its
independent contribution. A p-value < 0.05 was considered significant.

2.8 Statistical Analysis

We carried out statistical analyses using Python statistical tools. We used descriptive statistics to
summaries patients’ characteristics, pathogen distribution, and antimicrobial resistance patterns. We
summarized categorical data as frequencies and percentages. We derived adjusted odds ratios (aORs)
and 95% confidence intervals (Cls) using logistic regression to identify risk factors for MDR. A significant
p-value of < 0.05 was considered.

3. Results

3.1 Demographic and Clinical Characteristics of ICU
Patients

We included 1135 adult ICU patients, predominantly older (50.0% aged > 60 years) and male (60.0%). The
top diagnosis on admission to the ICU was septic shock or septicemia (31.4%), followed by
pneumonia/VAP (21.8%). Urinary catheterization (72.5%), antimicrobial exposure (61.9%), and
mechanical ventilation (55.0%) were the most commonly instituted interventions in the ICU (Table 1). At
least one comorbidity was seen in most patients (65.7%), with the most common conditions being
hypertension and diabetes mellitus. The median ICU stay was 9 days (IQR 5-16), with an overall survival
rate of 2%, and the mortality rate was 8%. These observations paint a picture of a high-risk, highly
burdened, highly exposed, and highly complex population of patients in ICUs, calling for targeted ICU-
based approaches to preventing infection — and approaches to managing it across care settings.
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Table 1
Baseline Demographic and Clinical Characteristics of Adult ICU Patients Included in the Study (n = 1135)

Variables Categories n (%)
Age (years) Mean + SD 58.4 +
17.6
Median age (IQR) 61 (45—
72)
Age range 18-96
18-40 years 188
(16.6)
41-60 years 372
(32.8)
> 60 years 575
(50.7)
Gender Male 681
(60.0)
Female 454
(40.0)
Primary ICU admission Sepsis/septic shock 356
diagnosis (31.4)
Pneumonia/Ventilator-associated pneumonia (VAP) 247
(21.8)
Bloodstream infection (BSI) 132
(11.6)
Urinary tract infection (UTI) 96 (8.5)
Trauma-related admission 118
(10.4)
Post-operative complications 103 (9.1)
Other medical conditions 83 (7.3)
ICU-related exposure Invasive mechanical ventilation during ICU stays 624
factors (55.0)
Central venous catheterization during ICU stays 438
(38.6)
Urinary catheterization during ICU stays 823
(72.5)
Previous antimicrobial exposure within 90 days before 703
ICU admission (61.9)
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Variables Categories n (%)
Underlying comorbidities At least one comorbidity 746
(65.7)
Diabetes mellitus 356
(31.4)
Hypertension 419
(36.9)
Chronic kidney disease 171
(15.1)
Chronic respiratory disease 156
(13.7)
Cardiovascular disease 231
(20.4)
Immunosuppression 104 (9.2)
Clinical outcomes ICU length of stay, median (IQR), days 9 (5-16)
ICU survivors 842
(74.2)
ICU mortality 293
(25.8)

Data are presented as mean * SD, median (IQR), or n (%) as appropriate. Continuous variables were
summarized using descriptive statistics, and categorical variables were presented as frequencies and
percentages.

3.2 Distribution of Clinical Specimens and Recovery of
Bacterial Isolates

From these 1135 clinical specimens, we recovered 808 bacterial isolates after microbiological analysis.
Respiratory specimens were the largest group collected (412/1135, 36.3%), and bacterial culture from
these specimens had the highest positivity rate (338/808, 41.8%), with an 82.0% culture positivity rate
(Table 2). Blood specimens accounted for 25.2% of submitted specimens and yielded 142 (17.6%)
bacterial isolates, whereas urine specimens accounted for 19.5% of samples and yielded 156 (19.3%)
bacterial isolates.

Pus or wound samples had a high recovery rate (81.4%), while fewer isolates were obtained from BAL
samples (67.4%) and catheter tip samples (75.9%). CSF samples comprised only 2.0% of sample types
but had a perfect recovery rate (73.9%). The prevalence of bacterial isolates in respiratory specimens
showed that these are the most important source of bacteria causing infections in the Intensive Care
Units.
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Table 2

Distribution of Clinical Specimens Submitted for Microbiological Analysis and Recovery of Bacterial
Isolates Among Adult ICU Patients.

Clinical Specimen Samples Bacterial Isolates Culture Positivity
Submitted n (%) Recovered n (%) Rate (%)
Endotracheal aspirate / 412 (36.3) 338 (41.8) 82
Respiratory specimen
Blood 286 (25.2) 142 (17.6) 49.7
Urine 221 (19.5) 156 (19.3) 70.6
Pus/Wound specimen 118 (10.4) 96 (11.9) 81.4
Bronchoalveolar lavage (BAL) 46 (4.1) 31(3.8) 67.4
Catheter tip 29 (2.6) 22 (2.7) 75.9
Cerebrospinal fluid (CSF) 23 (2.0) 23 (2.1) 73.9
Total 1135 (100) 808 (100) -

3.3 Distribution of Gram-Negative Bacterial Pathogens

Non-fermenting Gram-negative bacilli and Enterobacterales were the most prevalent Gram-negative
pathogen groups isolated from adult ICU patients. The most frequently isolated Gram-negative pathogen
was Acinetobacter baumannii (220 isolates, 35.5%), followed by Klebsiella pneumoniae (145 isolates,
23.4%). The third most common organism was Pseudomonas aeruginosa, accounting for 98 isolates
(15.8%) of Gram-negative bacteria found (Fig. 1).

Other Enterobacterales, such as Escherichia coli (72 strains, 11.6%) and Enterobacter spp. Proteus spp.
(7.3%) and Proteus spp. (28 isolates, 4.5%) were also commonly found. A total of 12 organisms (1.9%)
were Gram-negative. Multidrug-resistant Gram-negative bacteria associated with the ICUs consistently
included A. baumannii, K. pneumoniae, and P. aeruginosa, with non-fermenters and resistant
Enterobacterales playing an important role in the bacterial burden of critically ill patients.

3.4 Distribution of Gram-Positive Bacterial Pathogens

The most common Gram-positive pathogen among adult ICU patient samples was Staphylococcus
aureus (82 isolates, 41.0%). Enterococcus faecium (54 isolates, 27.0%) and Enterococcus faecalis (36
isolates, 18.0%) were the second and third most common organisms identified. Coagulase-negative
Staphylococcus spp. accounted for 18 cases (9.0%), while Streptococcus spp. accounted for only 7
cases (3.5%). Three isolates (1.5%) were identified as other Gram-positive organisms (Fig. 2).

Staphylococcal and enterococcal species together made up the majority of Gram-positive isolates
recovered (86.0%). The findings highlight the role of opportunistic Gram-positive pathogens, particularly
resistant staphylococci and enterococci, in driving the bacterial burden associated with the ICU.
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3.5 Specimen-Wise Distribution of Bacterial Pathogens

Specimen-wise distribution analysis showed significant inter-associations between clinical specimens,
adult patients presenting in the ICU, and bacterial pathogens. The most commonly isolated pathogen
from respiratory specimens was Acinetobacter baumannii, followed by Pseudomonas aeruginosa and
Klebsiella pneumoniae (Fig. 3). Urinary specimens were predominantly cultured for Escherichia coli (E.
coli); in contrast, Klebsiella pneumoniae (K. pn.) was significantly more common in bloodstream
infection specimens.

Staphylococcus aureus was more prevalent in wound and pus samples, while Enterococcus spp. was
more prevalent in catheter-associated infections. The overall distribution indicates pathogen-specific
preferences (i.e., multidrug-resistant Gram-negative organisms predominate in respiratory infections,
while Enterobacterales also play a major role in bloodstream and urinary infections). These results
highlight the need for specimen-based surveillance to inform downstream decisions on empirical
antimicrobial therapy and to study pathogen ecology within ICUs.

3.6 Antimicrobial Susceptibility and Resistance Patterns

Antimicrobial susceptibility testing showed high resistance among the main bacterial pathogens
associated with the ICU, particularly among Gram-negative bacteria (Table 3). The most resistant isolate
was Acinetobacter baumannii, with high resistance rates (88.6% and 86.4% for meropenem and
imipenem, respectively) and low resistance to colistin (4.5%). Klebsiella pneumoniae was highly resistant
to the third- and fourth-generation cephalosporins, ceftriaxone (75.9%) and cefepime (69.0%), and had a
high rate of carbapenem resistance to meropenem (44.8%). Similarly, Pseudomonas aeruginosa was
multidrug-resistant (MDR), with resistance rates of > 50% for meropenem (51.0%), imipenem (53.1%),
and ciprofloxacin (61.2%) among key antipseudomonal agents.

The major Gram-negative pathogen was Escherichia coli, with high resistance to ceftriaxone (61.1%) and
Ciprofloxacin (58.3%) and relatively lower sensitivity to carbapenems and Amikacin. In addition, Gram-
positive pathogens were clinically significant, with 57.3% of S. aureus isolates being methicillin-resistant
(MRSA) based on cefoxitin resistance. Vancomycin and linezolid, however, were completely effective
against S. aureus and Enterococcus spp. Overall, these results show high levels of MDR pathogens in the
ICU, including carbapenem-resistant A. baumannii and resistant E. coli, and emphasize the importance
of proactive antimicrobial surveillance and targeted stewardship initiatives in critical care areas.
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Table 3
Antimicrobial Susceptibility Profiles of Major Bacterial Pathogens Isolated from Adult ICU Patients

Bacterial pathogen Antimicrobial agent .(S:;J)sceptible n g/e)sistant n
Acinetobacter baumannii (n = Meropenem 25(11.4) 195 (88.6)
220) Imipenem 30(13.6) 190 (86.4)
Cefepime 22 (10.0) 198 (90.0)
Piperacillin—tazobactam 18 (8.2) 202 (91.8)
Ciprofloxacin 20 (9.1) 200 (90.9)
Amikacin 72 (32.7) 148 (67.3)
Colistin 210 (95.5) 10 (4.5)
Klebsiella pneumoniae (n =145)  Ceftriaxone 35(24.1) 110 (75.9)
Cefepime 45 (31.0) 100 (69.0)
Piperacillin—tazobactam 55(37.9) 90 (62.1)
Meropenem 80 (55.2) 65 (44.8)
Imipenem 85 (58.6) 60 (41.4)
Ciprofloxacin 42 (29.0) 103 (71.0)
Amikacin 95 (65.5) 50 (34.5)
Pseudomonas aeruginosa (n = Piperacillin—tazobactam 45 (45.9) 53 (54.1)
%) Ceftazidime 40 (40.8) 58 (59.2)
Cefepime 42 (42.9) 56 (57.1)
Meropenem 48 (49.0) 50 (51.0)
Imipenem 46 (46.9) 52 (53.1)
Ciprofloxacin 38 (38.8) 60 (61.2)
Amikacin 70 (71.4) 28 (28.6)
Escherichia coli (n=72) Ceftriaxone 28 (38.9) 44 (61.1)
Cefepime 35(48.6) 37 (51.4)
Piperacillin—tazobactam 40 (55.6) 32 (44.4)
Meropenem 65 (90.3) 7(9.7)
Ciprofloxacin 30 (41.7) 42 (58.3)
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Bacterial pathogen Antimicrobial agent .(S:;J)sceptible n g/e)sistant n
Amikacin 60 (83.3) 12 (16.7)

Staphylococcus aureus (n = 82) Cefoxitin (MRSA 35(42.7) 47 (57.3)
screening)
Clindamycin 48 (58.5) 34 (41.5)
Erythromycin 40 (48.8) 42 (51.2)
Vancomycin 82 (100) 0(0.0)
Linezolid 82 (100) 0 (0.0)

Enterococcus spp. (n=74) Ampicillin 25(33.8) 49 (66.2)
Vancomycin 65 (87.8) 9(12.2)
Teicoplanin 68 (91.9) 6(8.1)
Linezolid 74 (100) 0(0.0)

3.7 Resistance Patterns of Gram-Negative Bacteria

A high burden of antimicrobial resistance was observed among key ICU pathogens. Acinetobacter
baumannii had the broadest spectrum of resistance, with extensive resistance to the carbapenems
meropenem and imipenem, as well as other widely used antimicrobial agents. However, the activity of
colistin against A. baumannii was considerably greater, and there was a comparatively low level of
resistance to colistin. Multidrug resistance was also high in Klebsiella pneumoniae for third-generation
cephalosporins, cefepime, and fluoroquinolones, highlighting the high burden of MDR EEA in the ICU
setting (Fig. 4).

All Pseudomonas aeruginosa isolates were broad-spectrum resistant to third-generation cephalosporins,
fluoroquinolones, and carbapenems, consistent with an emerging multidrug-resistant phenotype.
Meanwhile, Escherichia coli was more sensitive to carbapenems and showed high resistance to
cephalosporins and ciprofloxacin. Overall, the heatmap underscores pathogen-specific resistance
trends: carbapenems are a key resistance challenge for A. baumannii, and resistant Enterobacterales are
a major challenge in ICU settings. These studies highlight the need for ongoing resistance surveillance
and appropriate antimicrobial stewardship interventions in critical care settings.

3.8 Prevalence of Multidrug-Resistant Organisms

Multidrug-resistant (MDR) isolates showed a high resistance burden among bacterial isolates
associated with ICUs. Acinetobacter baumannii had the highest MDR prevalence (195/220, 88.6%; 95%
Cl: 84.4-92.8), reflecting widespread multidrug resistance among this key ICU pathogen. Other Gram-
negative organisms also showed significant MDR proportions, such as Klebsiella pneumoniae (62.1%,
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95% Cl: 54.2-70.0) and Pseudomonas aeruginosa (58.2%, 95% Cl: 48.4-67.9). The results show a high
prevalence of MDR Gram-negative bacteria, which primarily contribute to the ICU’s antibiotic resistance
burden (Fig. 5).

Among Gram-positive bacteria, MRSA was an important resistant phenotype in the ICU setting,
comprising 57.3% (95% Cl: 46.6—68.0) of all Staphylococcus aureus. E. coli had an intermediate
proportion of MDR (45.8%, 95% Cl: 34.3-57.3), while Enterococcus spp. had a relatively low proportion
(12.2%, 95% Cl: 4.7-19.6). Overall, these findings show substantial variation in MDR distribution across
bacterial species, and that the most important MDR threats among isolates collected from the ICUs were
A. baumannii, K. pneumoniae, and P. aeruginosa. These findings highlight the importance of pathogen-
specific antimicrobial stewardship strategies and ongoing surveillance in critical care settings.

3.9 Carbapenem-Resistant Isolates

Acinetobacter baumannii isolates (192/220; 87.3%; 95% ClI 82.4-91.5) showed the highest prevalence of
carbapenem resistance. Significant carbapenem-negative resistance was found in P. aeruginosa (51.0%;
50/98; 95% Cl: 41.3-60.6) and K. pneumoniae (42.8%; 62/145; 95% Cl: 34.9-50.9), indicating a high
prevalence of CGE pathogens in the ICU setting (Fig. 6).

In contrast, carbapenem resistance was relatively low in Escherichia coli (9.7%; 7/72; 95% CI: 4.1 - 18.7).
In summary, the findings point to A. baumannii as the predominant carbapenem-resistant pathogen in
this cohort of ICU-admitted patients, with resistant Pseudomonas and CPE as emerging pathogens to
monitor and target for stewardship measures.

3.10 Risk Factors Associated with MDR Infections

Multivariable logistic regression identified several clinical factors as significant, independent predictors
of MDR infections in adults in the ICU. Antibiotics used within 90 days before ICU admission were
associated with the strongest presence of MDR infections (adjusted OR [aOR]: 3.18; 95% Cl: 2.32-4.36;
p <0.001). Mechanical ventilation (aOR: 2.54; 95% Cl: 1.88-3.43; p<0.001) and/or a prolonged stay in
the critical care unit for more than 7 days (aOR: 2.31; 95% Cl: 1.72-3.11; p < 0.001) were further
important contributors to MDR acquisition (Table 4).

Exposure to invasive devices was also associated with significantly higher rates of MDR infections with
central venous catheterization (aOR: 1.74; 95% CI: 1.30-2.34, p<0.001) and urinary catheterization (aOR:
1.51;95% Cl: 1.12-2.03, p = 0.007). Past ICU hospitalization and older age (> 65 years) were also
identified as risk factors. After adjustment, the relationship of diabetes mellitus and chronic kidney
disease with MDR infection was not significant, in contrast to what was seen with HIV status. However,
unlike HIV status, there was no independent association of diabetes mellitus and chronic kidney disease
with MDR infection after adjustment. In summary, the results indicate that health care exposure factors,
such as prior antibiotic therapy, mechanical ventilation, and prolonged ICU stay, are important
determinants of risk for acquiring MDR infections in critically ill individuals.
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Table 4

Independent Risk Factors Associated with Multidrug-Resistant (MDR) Infections Among Adult ICU

Patients.
Risk Factors MDR Infection Non-MDR Adjusted 95% Cl  p-
(n=431) n (%) Infection (n = OR (aOR) value
377) n (%)

Age = 65 years 258 (59.9) 173 (45.9) 1.62 1.21-  0.001
217

Male sex 276 (64.0) 224 (59.4) 1.14 0.86-  0.36
1.52

ICU stay > 7 days 301 (69.8) 176 (46.7) 2.31 172- <
3.11 0.001

Mechanical ventilation 328 (76.1) 198 (52.5) 2.54 1.88— <
3.43 0.001

Previous antibiotic 347 (80.5) 201 (53.3) 3.18 2.32- <

exposure within 90 days 4.36 0.001

Previous ICU admission 142 (32.9) 76 (20.2) 1.71 1.22- 0.002
2.40

Central venous 214 (49.7) 126 (33.4) 1.74 1.30- <

catheterization 2.34 0.001

Urinary catheterization 289 (67.1) 202 (53.6) 1.51 1.12- 0.007
2.03

Diabetes mellitus 158 (36.7) 113 (30.0) 1.28 0.95- 0.1
1.73

Chronic kidney disease 72 (16.7) 48 (12.7) 1.31 0.88- 0.18
1.95

4. Discussion

This study aims to describe the bacterial epidemiology and antimicrobial resistance (AMR) patterns of
pathogens in adult ICU patients, including the prevalence of multidrug-resistant (MDR) and carbapenem-
resistant (CR) pathogens and associated clinical variables of MDR infections. This study shows a high
prevalence of resistant bacterial pathogens in the ICU, with Gram-negative bacteria as the predominant
resistant group. In particular, Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas

aeruginosa showed significant resistive data, and prior antibiotic use, mechanical ventilation, and long
stay in the intensive care unit were significantly associated with MDR infection. These findings align with
global evidence that ICUs are major sites for the emergence and spread of resistant bacterial pathogens,
where intensive antibiotic use and invasive procedures, coupled with prolonged patient exposure,

increase the risk of antibiotic resistance [15-19].
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The higher proportion of respiratory specimens in this study is likely attributable to the increased
susceptibility of critically ill patients to respiratory infections, especially those who are mechanically
ventilated. Invasive ventilation may disrupt normal host defense processes and predispose patients to
bacterial colonization of the airway, making ventilator-associated infection (VAI) one of the most
prevalent HAIs in the ICU [18, 19]. This is similar to findings from a study of bacterial isolation during
hospital stay within the intensive care unit (ICU) conducted in the United States, in which respiratory
samples often accounted for most of the bacterial species isolated, especially Gram-negative genera.

A. baumannii, K. pneumoniae, and P. aeruginosa were the predominant organisms found in this cohort
and agree with other studies showing these to be major pathogens of the ICU globally. These organisms
are a particular threat because they can acquire resistance genes and survive in hospitals [20, 21].
However, results may vary across studies because ICUs differ in patient characteristics, antimicrobial
prescribing practices, hospital infection-prevention policies, and regional epidemiology. Thus, the results
may not represent the broader national or international ICU population, and further studies are needed to
validate them.

The resistance levels observed in this study reflect the significant challenges posed by Gram-negative
ICU pathogens. A. baumannii showed the highest resistance burden, especially to carbapenems and a
wide range of commonly used antimicrobial agents. This aligns with previous reports, as carbapenem-
resistant A. baumannii is a critical priority pathogen because of limited therapeutic options and its
strong association with HCIs [22-25]. A. Bahmani’s resistance accumulation, along with its survival
under adverse environmental conditions, facilitates its persistence in intensive care environments [26,
271.

K. pneumoniae shows high resistance to cephalosporins along with other classes of antimicrobial
agents. Similar patterns are frequently associated with the global dissemination of extended-spectrum
B-lactamase (ESBL)-producing and carbapenem-resistant Enterobacterales (CREs), which are a concern
in healthcare settings [28, 29]. Similarly, P. aeruginosa was resistant to a range of antimicrobial classes,
reflecting its mutable resistance due to reduced permeability, efflux pump activity, and enzyme action.
However, this study did not include molecular testing, so it did not confirm the specific resistance
mechanisms.

It also highlights the continued role of resistant Gram-positive infections in ICU care; among Gram-
positive organisms, MRSA-associated resistance patterns remain a focus. As seen in past studies,
MRSA is a significant healthcare-associated pathogen, but rates vary widely depending on the
environment’s infection control practices and antimicrobial policies [30, 31]. Isolates’ susceptibility to
frontline agents such as vancomycin and linezolid suggests continued therapeutic effectiveness in this
group. Still, ongoing monitoring of these drugs is required.

Based on the high rates of MDR strains detected in this study, bacterial isolates from the ICU present an

important antimicrobial problem. The high proportion of MDR A. baumannii aligns with other ICU studies

that describe this pathogen as a consistent cause of MDR infections, especially in hospitals with high
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antimicrobial pressure [15, 32, 33]. Thus, fifthly, resistant K. pneumoniae, P. aeruginosa is another clinical
issue because treatment options are limited.

Significant levels of carbapenem resistance were reported in A. baumannii, with noteworthy resistance in
K. pneumoniae and P. aeruginosa as well. These results are similar to a large-scale surveillance of Gram-
negative bacteria in Europe across multiple countries that identified carbapenem-resistant variants as
the primary public health concern [34-36]. However, national or health care facility-specific carbapenem
resistance rates can differ, and interpretation should account for local antibiotic use, infection-control
measures, and lab methods.

The correlation between a history of antibiotic exposure and MDR infection found herein confirms that
selective pressure from antimicrobial agents plays a role in the selection and survival of resistant
organisms. One of the most important recognized risk factors for MDR infection is prior antibiotic use,
which can change the microbial ecology and selectively favor resistant over virulent bacterial
populations [27, 37, 38].

ICU stay was also associated with MDR infection, as well as mechanical ventilation. The same has been
observed in Intensive Care Units, where the longer a patient is acutely exposed to the healthcare
environment and has invasive devices, the greater their chance of colonization and transmission of
resistant organisms [39-41]. Central venous and urinary catheterization were additional device-
associated factors and underscored the need for infection prevention strategies. These findings are
associations, not causation, and would require a prospective, observational study to establish causality.

The results highlight the need for ongoing AMR surveillance, infection prevention, and antimicrobial
stewardship in ICUs. Local resistance data can support empirical treatment decisions and targeted
interventions while minimizing unnecessary broad-spectrum antimicrobial exposure. Longitudinal
monitoring, antibiotic use analysis, and resistance testing would better clarify resistance evolution and
the effectiveness of interventions in future multicenter studies.

5. Conclusion

This study aimed to provide an overview of pathogens and AMR among adult ICU patients. These results
show that Gram-negative organisms, specifically Acinetobacter baumannii, Klebsiella pneumoniae, and
Pseudomonas aeruginosa, played a significant role in the resistance burden observed in this group.
Ongoing microbiological surveillance and appropriate antimicrobial management are important, given
the high levels of MDR and Carbapenem resistance among these pathogens. Previous antibiotic use,
mechanical ventilation, and longer ICU stay are associated with a higher risk of MDR infection, but this
may be affected by the study design. Additional multicenter and molecular studies are needed to
establish resistance mechanisms and inform infection control measures.
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Figure 1

Distribution of Gram-negative bacterial pathogens isolated from adult ICU patients. Bars represent the
number of recovered Gram-negative bacterial isolates, with percentages indicating the relative
contribution of each pathogen among the total Gram-negative isolates.
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Distribution of Gram-Positive Bacterial Pathogens
Isolated from Adult ICU Patients
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Figure 2

Distribution of Gram-positive bacterial pathogens isolated from adult ICU patients. Bars represent the
number of recovered Gram-positive bacterial isolates, with percentages indicating the relative
contribution of each pathogen among total Gram-positive isolates.
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Figure 3

Specimen-wise distribution of bacterial pathogens isolated from adult ICU patients. The heatmap
represents the relative contribution of individual bacterial pathogens within each clinical specimen
category. Color intensity indicates the percentage distribution of isolates recovered from each specimen
type, with higher intensity representing greater pathogen predominance.
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Figure 4

Antimicrobial resistance patterns of major Gram-negative bacterial pathogens isolated from adult ICU
patients. The heatmap shows resistance rates (%) for each pathogen—antimicrobial combination; higher
color intensity indicates greater resistance. NA indicates not tested or not applicable.
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Distribution of Multidrug-Resistant Organisms Among Adult ICU Bacterial Isolates
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Figure 5

Distribution and prevalence of multidrug-resistant organisms among bacterial isolates recovered from
adult ICU patients. Stacked bars represent MDR and non-MDR isolates for each bacterial pathogen, with
MDR prevalence estimates calculated among total isolates.
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Prevalence of Carbapenem-Resistant Gram-Negative Bacterial Isolates
Among Adult ICU Patients
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Figure 6

Prevalence of carbapenem-resistant Gram-negative bacterial isolates among adult ICU patients. Bars
represent the proportion of carbapenem-resistant isolates among tested bacterial species, with error
bars indicating 95% confidence intervals.
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