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ABSTRACT

Background: Antimicrobial resistance (AMR) in intensive care units (ICUs) is driven by high antibiotic
exposure, invasive procedures, severe illness, and frequent circulation of multidrug-resistant organisms. 1CU-

specific antibiograms can support empirical therapy, optimize stewardship, and improve outcomes.

Obijective: To characterize microbial epidemiology, define antimicrobial resistance burden, construct an ICU

antibiogram, and identify sensitive agents that may support empirical therapy.

Methods: A prospective observational microbiology-based study was conducted among 100 critically ill
patients admitted to a tertiary care ICU. Culture and sensitivity reports were analysed to determine organism
distribution, gram-stain epidemiology, resistance burden, susceptibility patterns, and disease-specific

antibiograms. Descriptive analysis, resistance comparisons, and exploratory associations were performed.

Results: Gram-negative organisms predominated (79.1%), while gram-positive organisms accounted for 20.9%.
E. coli (38.18%) was the most common isolate, followed by Klebsiella species (23.63%) and Pseudomonas
species. Meropenem, amikacin, gentamicin, and piperacillin—tazobactam showed higher sensitivity profiles,

whereas ampicillin, cefepime, ceftriaxone, and cotrimoxazole demonstrated substantial resistance. Resistance
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burden was highest for cephalosporins (31%) and penicillins (29%). Disease-specific antibiograms suggested E.

coli predominance in urinary tract infections, Pseudomonas in sepsis, and Klebsiella in pneumonia.

Conclusion: ICU-specific resistance burden is driven predominantly by gram-negative pathogens, supporting
the importance of local antibiogram-guided empirical therapy, stewardship interventions, and resistance

surveillance.

Keywords: Antibiogram, Antimicrobial resistance, Critical care, Gram-negative infections, ICU microbiology.
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Antimicrobial resistance (AMR) has unequivocally emerged as a critical global health crisis, posing a profound
threat to the effective management of infectious diseases, particularly among critically ill patients in intensive
care units (ICUs). These highly specialized care settings represent epicenters for the emergence and propagation
of multidrug-resistant (MDR) organisms due to the convergence of multiple high-risk factors, including
extensive exposure to broad-spectrum antimicrobials, frequent utilization of invasive devices such as
mechanical ventilation and central venous catheters, prolonged hospitalization, and severe underlying
comorbidities that compromise host immune defences [!. The cumulative impact of these determinants creates
an environment conducive to microbial selection pressure, thereby accelerating the evolution and dissemination

of resistant pathogens and significantly increasing morbidity, mortality, and healthcare costs 2.,

The microbiological landscape within ICUs is distinctly heterogeneous and dynamically evolving, with a
predominance of gram-negative organisms such as Escherichia coli, Klebsiella pneumoniae, and Pseudomonas
aeruginosa, alongside gram-positive pathogens including Staphylococcus aureus and Enterococcus species®.

These pathogens frequently exhibit sophisticated resistance mechanisms, including extended-spectrum f-
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lactamase (ESBL) production, carbapenemase synthesis, efflux pump overexpression, target site modification,
and biofilm formation, all of which substantially limit therapeutic options and complicate clinical
management“!. The increasing prevalence of such resistance determinants further underscores the inadequacy of
standardized empirical treatment regimens and highlights the necessity for institution-specific data to guide

rational antimicrobial use.

In response to these challenges, antibiograms have gained prominence as essential epidemiological tools that
provide cumulative summaries of antimicrobial susceptibility patterns of clinically relevant isolates within a
defined healthcare setting over a specified time framel®. By offering localized and evidence-based insights into
pathogen distribution and resistance trends, antibiograms play a pivotal role in guiding empirical antimicrobial
therapy, particularly in critically ill patients where delays in appropriate treatment can have catastrophic
consequences'®. Moreover, they serve as integral components of antimicrobial stewardship programs,
facilitating the optimization of antibiotic prescribing practices, minimizing unnecessary exposure to broad-

spectrum agents, and ultimately mitigating the progression of resistancel"..

ICU-specific antibiograms, in particular, offer enhanced clinical utility by reflecting unit-level variations in
microbial ecology and resistance patterns, which are often markedly different from hospital-wide data!®!. Such
targeted surveillance enables clinicians to tailor empirical therapy with greater precision, thereby improving
therapeutic efficacy and reducing the likelihood of treatment failure. Additionally, continuous monitoring of
resistance trends through periodic antibiogram analysis provides valuable insights into emerging resistance

threats and informs infection prevention and control strategies®.

Despite the recognized importance of these surveillance mechanisms, there remains a relative paucity of
comprehensive, prospective studies that integrate microbiological spectrum analysis with resistance burden
quantification and disease-specific pathogen distribution in ICU settings, especially in developing countries™”.
This gap in evidence limits the ability to formulate robust, context-specific antimicrobial policies and

underscores the need for systematic investigations that can generate high-quality, locally relevant data.

Therefore, the present study was undertaken to comprehensively characterize the microbiological spectrum,
evaluate the antimicrobial resistance burden, construct a detailed ICU-specific antibiogram, and identify

susceptibility patterns that may support rational and evidence-based empirical therapy in critically ill patients.
METHODOLOGY

Study Design

A prospective, observational, microbiology-based study design was employed to systematically evaluate the
microbial spectrum and antimicrobial resistance patterns among critically ill patients. The prospective nature of
the study enabled real-time data collection, thereby enhancing the accuracy and reliability of microbiological

and clinical parameters while minimizing recall and selection biases.
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Study Setting

The study was conducted in the Critical Care Unit (ICU) of a tertiary care teaching hospital, a high-dependency
clinical environment characterized by the management of severely ill patients requiring advanced monitoring,
life-support interventions, and broad-spectrum antimicrobial therapy. The ICU setting provides a unique

epidemiological landscape with a high prevalence of nosocomial infections and multidrug-resistant organisms.
Study Population

The study population comprised 100 critically ill patients admitted to the ICU who had documented
microbiological culture and sensitivity (C&S) reports during their hospital stay. Patients of all age groups and
both genders were included, provided they had clinically suspected or confirmed infections necessitating
microbiological evaluation. Only culture-positive samples with valid antimicrobial susceptibility testing were

considered for analysis to ensure data robustness and clinical relevance.
Inclusion Criteria

Patients admitted to the ICU with confirmed infection and availability of culture and sensitivity reports were
included. Only the first isolate per patient was considered to avoid duplication and overrepresentation of specific

organisms.
Exclusion Criteria

Patients without microbiological confirmation, incomplete laboratory data, or duplicate isolates were excluded

from the study to maintain analytical precision.
Study Objectives

The primary objectives of the study were:

* To characterize the microbiological spectrum of pathogens isolated from critically ill patients.
* To evaluate the antimicrobial resistance burden across different classes of antibiotics.

* To construct an ICU-specific antibiogram reflecting local susceptibility patterns.

* To assess disease-specific susceptibility profiles to support targeted empirical therapy.
Data Collection

Data were collected prospectively from microbiology laboratory records, patient case files, and ICU registers.
Variables included demographic characteristics, clinical diagnosis, type of infection, culture isolates, and
antimicrobial susceptibility profiles. Microbial identification and antibiotic susceptibility testing were performed

using standard microbiological techniques in accordance with established laboratory guidelines.
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Outcome Measures

Primary outcomes included distribution of microbial isolates, proportion of gram-positive and gram-negative
organisms, antimicrobial resistance burden across drug classes, and identification of antibiotics demonstrating
higher sensitivity profiles. Secondary outcomes included disease-specific pathogen distribution and exploratory

associations between infection type and resistance patterns.
Statistical Analysis

Data were entered and analysed using IBM SPSS Statistics software. Descriptive statistics, including
frequencies, percentages, and proportions, were used to summarize microbial distribution and resistance
patterns. The antimicrobial resistance burden was quantified across different antibiotic classes using percentage
resistance rates. Inferential statistical analysis was performed using the Chi-square test to assess associations
between categorical variables, such as organism type and resistance patterns. Exploratory comparative analyses
were conducted to evaluate differences in susceptibility profiles across pathogens and infection categories. A p-

value of <0.05 was considered statistically significant, indicating a meaningful association between variables.
Table 1: Distribution of Microorganisms Isolated from Critically I1l1 ICU Patients

The microbial distribution demonstrates a statistically significant predominance of gram-negative organisms,
with Escherichia coli and Klebsiella spp. being the most prevalent isolates (p<0.01). Moderate significance was
observed for Pseudomonas spp. and Acinetobacter spp., indicating their notable contribution to ICU infections.
Gram-positive organisms such as Enterococcus spp. and MRSA did not reach statistical significance (p>0.05),
reflecting their relatively lower prevalence. Overall, the findings highlight a significant skew toward gram-

negative pathogens, supporting targeted empirical therapy based on local epidemiological patterns.

Microorganism Frequency (%) p-value
Escherichia coli 38.18 <0.001
Klebsiella spp. 23.63 0.002
Pseudomonas spp. 10.9 0.021
Acinetobacter spp. 6.36 0.048
Enterococcus spp. 5.45 0.061
MRSA 4,54 0.074
Others 10.94 0.033
Total 100 —

Table 2: Gram-Stain Distribution of Microbial Isolates in ICU Patients

The gram-stain distribution demonstrates a marked predominance of gram-negative organisms (79.1%)
compared to gram-positive organisms (20.9%) among ICU isolates. Statistical analysis using the Chi-square test

revealed that this difference was highly significant (p<0.001), indicating a non-random distribution. The
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findings emphasize the overwhelming burden of gram-negative infections in critically ill patients. This
distribution strongly supports the prioritization of gram-negative coverage in empirical antimicrobial therapy

and highlights the necessity for targeted stewardship interventions.

Category Frequency (%) p-value
Gram-negative 79.1 <0.001
Gram-positive 20.9 —

Total 100 —

Table 3: Antibiotic Sensitivity Profile of Microbial Isolates in ICU Patients

The antibiotic sensitivity profile indicates that Meropenem demonstrated the highest susceptibility (75%),
followed by Amikacin (69%), Gentamicin (64%), and Piperacillin—tazobactam (61%). Statistical analysis
revealed that these sensitivity patterns were significant, with Meropenem showing highly significant efficacy
(p<0.001). The observed trend highlights the superior activity of carbapenems and aminoglycosides against ICU
pathogens. These findings support their potential role as effective empirical or targeted therapeutic options in

critically ill patients, particularly in settings with a high burden of resistant gram-negative organisms.

Antibiotic Sensitivity (%) p-value
Meropenem 75 <0.001
Amikacin 69 0.003
Gentamicin 64 0.008
Piperacillin—tazobactam 61 0.015
Overall — <0.05

Table 4: Antibiotic Resistance Profile of Microbial Isolates in ICU Patients

The resistance profile demonstrates a high burden of antimicrobial resistance among commonly used antibiotics.
Ampicillin exhibited the highest resistance (66%), followed by Cefepime (54%), Ceftriaxone (48%), and
Cotrimoxazole (42%), all showing statistically significant resistance patterns (p<0.05). The elevated resistance
to B-lactam antibiotics, particularly penicillin’s and cephalosporins, reflects widespread antimicrobial pressure
in the ICU setting. These findings underscore the limited utility of these agents for empirical therapy and

highlight the urgent need for antibiogram-guided antimicrobial selection and strengthened stewardship practices.
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Antibiotic Resistance (%0) p-value
Ampicillin 66 <0.001
Cefepime 54 0.002
Ceftriaxone 48 0.006
Cotrimoxazole 42 0.012
Overall — <0.05

Table 5: Integrated Class-wise Resistance Burden and Disease-Specific ICU Antibiogram

The integrated analysis demonstrates that cephalosporins (31%) and penicillins (29%) exhibit a statistically
significant resistance burden (p<0.05), whereas carbapenems show comparatively lower resistance (9%) without
statistical significance (p>0.05), indicating preserved efficacy. Disease-specific antibiogram patterns reveal F.
coli predominance in urinary tract infections, Pseudomonas spp. in sepsis, and Klebsiella spp. in pneumonia,
each with statistically significant associations. The identified sensitive agents—particularly carbapenems and
aminoglycosides—demonstrate consistent effectiveness across infection types. These findings reinforce the
clinical utility of combined resistance surveillance and disease-specific antibiograms in guiding precise

empirical therapy in ICU settings.

Parameter Category Value /| Preferred  Sensitive | p-value
Organism Agents
Resistance Cephalosporins 31% — 0.028*
Burden
Penicillins 29% — 0.041*
Carbapenems 9% — 0.233
Disease-Specific UTI E. coli Meropenem, <0.01
Pattern Amikacin
Sepsis Pseudomonas Piperacillin— 0.02
spp. tazobactam,
Gentamicin
Pneumonia Klebsiella spp. Meropenem, 0.03
Amikacin

Table 6: Association Between Gram-negative Infection and Resistance Burden with Predictors of Resistant
Infection

The association analysis demonstrates that gram-negative infections are significantly associated with a higher
resistance burden compared to gram-positive infections (p=0.032), indicating a strong epidemiological link.
Logistic regression analysis further identified gram-negative isolates, prolonged ICU stay (>8 days), and
exposure to >5 antibiotics as independent predictors of resistant infections, all showing statistical significance
(p<0.05). Among these, gram-negative isolates exhibited the highest odds ratio (OR=2.91), suggesting a nearly
threefold increased risk of resistance. In contrast, age >60 years was not a significant predictor (p>0.05). These
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findings highlight key risk factors contributing to antimicrobial resistance in ICU settings and emphasize the
importance of targeted stewardship interventions.

Parameter Category / Variable High Lower OR 95% CI p-value
Resistance Resistance
(n) (n)
Resistance Gram-negative 52 27 — — 0.032*
Association
Gram-positive 8 13 — — —
Predictors Gram-negative — — 291 1.23-6.89 0.015*
(Logistic isolate
Regression)
ICU stay >8 days — — 2.37 1.02-5.51 0.044*
>5 antibiotics — — 2.64 1.11-6.28 0.028*
Age >60 years — — 1.56 0.71-3.42 0.26

DISCUSSION

The present investigation delineates a pronounced predominance of gram-negative pathogens (79.1%) within the
ICU microbiological spectrum, a finding that is highly concordant with contemporary epidemiological data from
tertiary care settings. Similar distributions have been reported by Patil RH et al. **! and Fahim NAE et al. [,
who documented gram-negative dominance ranging from 70-85% in critically ill cohorts. This pattern is largely
attributable to selective antimicrobial pressure, invasive interventions, and environmental persistence of gram-
negative bacilli in ICU settings. The predominance of Escherichia coli and Klebsiella spp. in the current study is
also consistent with findings reported by Girish | et al. ™! and Kumari A et al. ], reinforcing their role as

leading etiological agents in ICU-associated infections.

The resistance profile observed in this study demonstrates a substantial burden against B-lactam antibiotics,
particularly cephalosporins (31%) and penicillins (29%), which aligns with global concerns regarding escalating
resistance due to widespread empirical use. Comparable resistance trends have been highlighted by Gajic | et al.
(151" who reported high resistance rates to third-generation cephalosporins in ICU isolates. Furthermore, the
preserved sensitivity to carbapenems and aminoglycosides in the present study mirrors observations from Lat Tl
et al. ™, suggesting that these agents remain relatively effective therapeutic options, albeit requiring cautious
utilization under antimicrobial stewardship frameworks to prevent future resistance escalation.

The construction of an ICU-specific antibiogram in this study provides clinically actionable insights,
particularly in the context of disease-specific pathogen distribution. The predominance of E. coli in urinary tract
infections, Pseudomonas spp. in sepsis, and Klebsiella spp. in pneumonia is consistent with previously reported

clinical patterns™™*“l, Such stratification is critical, as emphasized by stewardship guidelines from Clinical and
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Laboratory Standards Institute’” and Barlam TF et al. *®!, which advocate for the integration of local antibiogram
data into empirical therapy decision-making to enhance treatment precision and reduce inappropriate antibiotic

exposure.

Importantly, the association analysis revealed that gram-negative infections were significantly linked to higher
resistance burden (p=0.032), a finding that corroborates earlier observations by Dyar OJ et al. . The
exploratory logistic regression further identified gram-negative isolates, prolonged ICU stay (>8 days), and
exposure to multiple antibiotics (>5) as independent predictors of resistant infections. These findings are in

I. 2% which emphasize the role of

agreement with infection control frameworks proposed by Siegel JD et a
prolonged hospitalization and antibiotic pressure as key drivers of resistance emergence. Although age >60
years showed a higher odds ratio, it did not reach statistical significance, suggesting that clinical and treatment-

related factors may exert a stronger influence on resistance dynamics than demographic variables alone.

Collectively, the findings of the present study are in strong alignment with global and regional literature,
reinforcing the concept that ICU environments are disproportionately burdened by gram-negative multidrug-
resistant organisms. The high resistance rates to commonly used antibiotics and the identified predictors of
resistance underscore the urgent need for robust antimicrobial stewardship interventions, continuous
microbiological surveillance, and institution-specific antibiogram utilization. These strategies are essential to
optimize empirical therapy, mitigate resistance progression, and improve clinical outcomes in critically ill

populations.
CONCLUSION

The present study elucidates a pronounced predominance of gram-negative pathogens within the ICU
microbiological spectrum, accompanied by a substantial antimicrobial resistance burden, particularly against
commonly utilized B-lactam antibiotics such as cephalosporins and penicillins. The observed susceptibility
patterns indicate relatively preserved efficacy of carbapenems and aminoglycosides, underscoring their potential
role in empirical and targeted therapy, albeit with cautious and judicious use. The development of an ICU-
specific antibiogram in this study provides critical, context-specific insights into local microbial epidemiology
and resistance trends. Disease-specific patterns—such as Escherichia coli in urinary tract infections,
Pseudomonas spp. in sepsis, and Klebsiella spp. in pneumonia—further enhance the clinical applicability of
these findings by enabling more precise and evidence-based empirical treatment strategies. Importantly, the
identification of gram-negative infections, prolonged ICU stay, and exposure to multiple antibiotics as
significant predictors of resistant infections highlights key modifiable risk factors. These findings emphasize the
urgent need for robust antimicrobial stewardship programs, rational antibiotic prescribing, and continuous

microbiological surveillance.

In conclusion, the integration of localized antibiogram data with clinical decision-making is imperative to
optimize antimicrobial therapy, mitigate the progression of multidrug resistance, and improve outcomes in

critically ill patients.
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LIMITATIONS

« Single-center design, limiting generalizability.
* Modest sample size.
* Exploratory statistical models require external validation.

* Molecular resistance mechanisms were not characterized.
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