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ABSTRACT 

 

Background: Ventilator-associated pneumonia (VAP) is a common nosocomial infection in 

intensive care units (ICUs), associated with increased morbidity, mortality, and healthcare costs. The 

microbiological profile and antimicrobial resistance patterns of VAP vary across regions, 

necessitating local data for effective management. 

 

Objectives: To determine the microbiological profile of ventilator-associated pneumonia and to 

assess the antimicrobial susceptibility patterns of the isolated pathogens in a tertiary care hospital in 

North India. 

 

Methods: This prospective observational study was conducted in the ICU of a tertiary care hospital 

from August 2015 to December 2015. A total of 60 adult patients who were mechanically ventilated 

for more than 48 hours and clinically suspected of VAP were included. Respiratory samples were 

collected and processed using standard microbiological techniques. Identification of organisms and 

antimicrobial susceptibility testing were performed according to established guidelines. Data were 

analyzed using SPSS version 20.0, and statistical significance was set at p < 0.05. 

 

Results: The majority of patients were males in the age group of 41–60 years. Gram-negative 

organisms predominated, with Acinetobacter baumannii (33.3%) being the most common isolate, 

followed by Pseudomonas aeruginosa (23.3%) and Klebsiella pneumoniae (20.0%). Among Gram-

positive organisms, Staphylococcus aureus accounted for 13.3% of cases, with a high proportion of 

methicillin-resistant strains (62.5%). High resistance rates were observed against ceftriaxone (76.9%) 

and ciprofloxacin (69.2%), while relatively lower resistance was noted with piperacillin-tazobactam 

(34.6%) and imipenem (30.8%). A significant association was found between prolonged duration of 

ventilation and the occurrence of multidrug-resistant organisms (p = 0.03). 

 

Conclusion: The study highlights the predominance of multidrug-resistant Gram-negative organisms 

in VAP and emphasizes the importance of continuous surveillance, rational antibiotic use, and 

stringent infection control practices. Institution-specific antibiograms are essential for guiding 

empirical therapy and improving patient outcomes. 

 

Keywords: Ventilator-associated pneumonia; Acinetobacter baumannii; antimicrobial resistance; 

ICU infections; multidrug-resistant organisms; India 
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INTRODUCTION  
 

Ventilator-associated pneumonia (VAP) is a significant nosocomial infection that occurs in patients 

receiving mechanical ventilation for more than 48 hours and remains a major contributor to morbidity, 

mortality, and healthcare costs worldwide. It is one of the most common infections in intensive care 

units (ICUs), accounting for a substantial proportion of hospital-acquired infections in critically ill 

patients [1]. The incidence of VAP varies widely depending on geographical location, ICU settings, 

and diagnostic criteria, with reported rates ranging from 5 to 40 cases per 1,000 ventilator days [2]. 

Despite advances in critical care practices, VAP continues to pose diagnostic and therapeutic 

challenges due to its complex pathogenesis and evolving microbial etiology. 

 

Globally, the microbiological profile of VAP has shown a predominance of Gram-negative bacilli 

such as Pseudomonas aeruginosa, Acinetobacter baumannii, and Klebsiella pneumoniae, along with 

Gram-positive organisms like Staphylococcus aureus [3]. The emergence of multidrug-resistant 

(MDR) pathogens has further complicated the management of VAP, leading to limited therapeutic 

options and poorer clinical outcomes [4]. Inappropriate or delayed antimicrobial therapy has been 

associated with increased mortality, emphasizing the importance of early identification of causative 

organisms and their antimicrobial susceptibility patterns [5]. 

 

In developing countries, particularly in South Asia, the burden of VAP is disproportionately higher 

due to factors such as limited infection control practices, overcrowded ICUs, and widespread 

antibiotic misuse [6]. Studies from India have reported higher incidence rates of VAP compared to 

developed nations, with a predominance of MDR Gram-negative organisms [7].  

 

The microbiological spectrum in Indian ICUs often reflects local antibiotic prescribing patterns and 

hospital ecology, necessitating region-specific surveillance data to guide empirical therapy [8]. 

At the institutional level, variability in microbial flora and resistance patterns underscores the need 

for continuous local epidemiological monitoring. Tertiary care hospitals in North India cater to a 

diverse patient population with varying comorbidities and risk factors, which may influence the 

microbiological profile of VAP. Moreover, differences in ICU protocols, ventilator care bundles, and 

antimicrobial stewardship practices contribute to heterogeneity in VAP pathogens and outcomes [9]. 

 

Despite existing literature, there remains a paucity of recent, institution-specific data on the 

microbiological profile of VAP in many tertiary care centers in North India. Most available studies 

are limited by small sample sizes, heterogeneous methodologies, or lack of detailed microbiological 

analysis. This gap in knowledge may hinder the development of effective empirical treatment 

guidelines and infection control strategies tailored to local settings. 

 

Therefore, the present study was undertaken to analyze the microbiological profile of ventilator-

associated pneumonia in a tertiary care hospital in North India, with the aim of identifying the 

predominant pathogens and their antimicrobial susceptibility patterns. The specific objectives were 

to determine the distribution of causative microorganisms in VAP cases and to assess their resistance 

patterns to commonly used antibiotics, thereby aiding in the formulation of appropriate empirical 

therapy and infection control measures. 
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METHODOLOGY 

 

Study Design: This was a hospital-based prospective observational study conducted in accordance 

with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines. 

 

Study Setting: The study was carried out in the Intensive Care Unit (ICU) of a tertiary care teaching 

hospital in North India, which caters to critically ill patients requiring mechanical ventilation and 

advanced supportive care. 

 

Study Duration: The study was conducted over a period of five months from August 2015 to 

December 2015. 

 

Study Population: The study population comprised adult patients admitted to the ICU who were on 

mechanical ventilation for more than 48 hours and clinically suspected of developing ventilator-

associated pneumonia. 

 

Inclusion Criteria 

• Patients aged ≥18 years 

• Patients receiving mechanical ventilation for ≥48 hours 

• Patients clinically suspected of VAP based on standard diagnostic criteria (new or progressive 

infiltrates on chest radiograph along with at least two of the following: fever, 

leukocytosis/leukopenia, purulent tracheal secretions) 

•  

Exclusion Criteria 

• Patients with pneumonia at the time of ICU admission 

• Patients who developed pneumonia within 48 hours of intubation 

• Patients with incomplete clinical or microbiological data 

• Patients who declined consent 

•  

Sample Size: The sample size was calculated using the formula for estimating a proportion in a 

descriptive study: 

n = Z² × p × q / d² 

Where: 

• Z = 1.96 (for 95% confidence interval) 

• p = anticipated prevalence of VAP (assumed 20% based on previous studies) 

• q = 1 – p = 80% 

• d = allowable error (10%) 

Substituting the values: 

n ≈ (1.96)² × 0.2 × 0.8 / (0.1)² ≈ 61 

Considering feasibility and study duration, a total of 60 patients were included in the study. 

 

Sampling Technique: A consecutive sampling technique was employed, wherein all eligible patients 

meeting the inclusion criteria during the study period were enrolled until the desired sample size was 

achieved. 

 

 

 

Data Collection Tools & Procedure: Data were collected using a predesigned and pretested case 

record form. Clinical data including demographic details, underlying comorbidities, duration of 

mechanical ventilation, and clinical features suggestive of VAP were recorded. Respiratory samples 

(endotracheal aspirate or bronchoalveolar lavage) were collected under aseptic conditions and 
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processed in the microbiology laboratory. Samples were subjected to Gram staining and cultured on 

appropriate media. Identification of isolates was performed using standard microbiological 

techniques, and antimicrobial susceptibility testing was carried out using the Kirby–Bauer disc 

diffusion method in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines 

prevailing during the study period. 

 

Study Variables: Independent variables included demographic characteristics (age, sex), clinical 

parameters (duration of ventilation, comorbidities), and ICU-related factors. The dependent variables 

were the microbiological profile of VAP (type of organism isolated) and antimicrobial susceptibility 

patterns. Outcome variables such as ICU stay and clinical response were also noted where applicable. 

 

Statistical Analysis: Data were entered into Microsoft Excel and analyzed using Statistical Package 

for the Social Sciences (SPSS) version 20.0. Descriptive statistics were used to summarize the data. 

Categorical variables were expressed as frequencies and percentages, while continuous variables 

were presented as mean  ±standard deviation. Associations between variables were assessed using 

the Chi-square test or Fisher’s exact test as appropriate. A p-value of <0.05 was considered 

statistically significant. 

 

Ethical Considerations: Written informed consent was obtained from the patients ’legally authorized 

representatives prior to enrollment. Confidentiality of patient information was maintained throughout 

the study. The study adhered to the ethical principles outlined in the Declaration of Helsinki. 
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RESULTS 

 

A total of 60 patients with ventilator-associated pneumonia were included in the study. The majority 

of patients were in the 41–60 years age group, with a male predominance (Table 1). 

 

Table 1: Demographic and Clinical Characteristics of Study Population (n = 60) 

Variable Category Number (n) Percentage (%) 

Age (years) 

18–40 14 23.3 

41–60 26 43.3 

>60 20 33.3 

Sex 
Male 38 63.3 

Female 22 36.7 

Duration of ventilation 

3–5 days 18 30.0 

6–10 days 28 46.7 

>10 days 14 23.3 

Common comorbidities 

Diabetes mellitus 18 30.0 

Hypertension 22 36.7 

Chronic lung disease 10 16.7 

Others 8 13.3 

 

 

The microbiological profile revealed a predominance of Gram-negative organisms, with 

Acinetobacter baumannii being the most frequently isolated pathogen, followed by Pseudomonas 

aeruginosa and Klebsiella pneumoniae (Table 2). 

 

Table 2: Microbiological Profile of Isolates in VAP Patients (n = 60) 

Organism Number (n) Percentage (%) 

Acinetobacter baumannii 20 33.3 

Pseudomonas aeruginosa 14 23.3 

Klebsiella pneumoniae 12 20.0 

Escherichia coli 6 10.0 

Staphylococcus aureus 8 13.3 

 

 

Antimicrobial resistance among Gram-negative isolates was notably high, particularly against third-

generation cephalosporins and fluoroquinolones. However, relatively lower resistance was observed 

with piperacillin-tazobactam and carbapenems (Table 3). 

 

Table 3: Antimicrobial Resistance Pattern of Gram-negative Isolates (n = 52) 

Antibiotic Resistant Isolates (n) Resistance (%) 

Ceftriaxone 40 76.9 

Ciprofloxacin 36 69.2 

Amikacin 22 42.3 

Piperacillin-tazobactam 18 34.6 

Imipenem 16 30.8 
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Among Staphylococcus aureus isolates, methicillin-resistant strains (MRSA) were more prevalent 

than methicillin-sensitive strains (Table 4). 

 

Table 4: Methicillin Resistance in Staphylococcus aureus Isolates (n = 8) 

Type of Isolate Number (n) Percentage (%) 

MRSA 5 62.5 

MSSA 3 37.5 

 

 

A statistically significant association was observed between longer duration of mechanical ventilation 

(>5 days) and the occurrence of multidrug-resistant (MDR) organisms (p = 0.03)  

(Table 5). 

 

Table 5: Association Between Duration of Ventilation and Type of Pathogen 

Duration of Ventilation MDR Organisms (n) Non-MDR Organisms (n) p-value 

≤5 days 6 12 
0.03* 

>5 days 30 12 

 

*Statistically significant (p < 0.05) 
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DISCUSSION 

 

The present study evaluated the microbiological profile of ventilator-associated pneumonia (VAP) in 

a tertiary care hospital in North India and demonstrated a predominance of Gram-negative organisms, 

with Acinetobacter baumannii as the most common isolate, followed by Pseudomonas aeruginosa 

and Klebsiella pneumoniae. A high level of antimicrobial resistance was observed, particularly 

against commonly used antibiotics such as cephalosporins and fluoroquinolones. Additionally, a 

significant association between prolonged mechanical ventilation and the occurrence of multidrug-

resistant (MDR) organisms was identified. 

 

These findings are consistent with global and regional trends reported in earlier studies. Gram-

negative bacilli have been widely documented as the leading causative agents of VAP, particularly in 

ICU settings [1,3]. The predominance of Acinetobacter baumannii in our study aligns with findings 

from studies conducted in Indian ICUs, where this organism has emerged as a major nosocomial 

pathogen due to its ability to survive in hospital environments and develop resistance to multiple 

antibiotic classes [7,8]. Similarly, the significant presence of Pseudomonas aeruginosa and Klebsiella 

pneumoniae corroborates previous reports highlighting their role in late-onset VAP and association 

with adverse outcomes [2,5]. 

 

The high resistance rates observed in Gram-negative isolates, especially to ceftriaxone and 

ciprofloxacin, reflect the widespread and often empirical use of broad-spectrum antibiotics in critical 

care settings. Comparable resistance patterns have been reported in developing countries, where 

antibiotic stewardship practices may be suboptimal [6]. The relatively lower resistance observed with 

piperacillin-tazobactam and carbapenems suggests that these agents may still retain some efficacy; 

however, the emergence of carbapenem-resistant strains is an alarming trend that necessitates 

judicious use of these last-resort drugs. 

 

The proportion of methicillin-resistant Staphylococcus aureus (MRSA) in this study was notably 

high, which is in agreement with previous studies indicating an increasing burden of MRSA in ICU-

acquired infections [3]. Although Gram-positive organisms constituted a smaller proportion of 

isolates, their clinical significance cannot be underestimated due to limited therapeutic options and 

potential for severe outcomes. 

 

A key finding of this study was the statistically significant association between longer duration of 

mechanical ventilation and the occurrence of MDR organisms. This observation is supported by 

earlier studies that have demonstrated that prolonged ICU stay and extended ventilator support 

increase the risk of colonization and infection with resistant pathogens [4,9]. This may be attributed 

to increased exposure to invasive procedures, prolonged antibiotic therapy, and cross-transmission 

within ICU settings. 

 

From a clinical and public health perspective, the findings of this study underscore the importance of 

continuous microbiological surveillance and institution-specific antibiograms to guide empirical 

antibiotic therapy. Early and appropriate antimicrobial treatment based on local resistance patterns 

can significantly improve patient outcomes and reduce mortality associated with VAP. Furthermore, 

strict adherence to infection control practices, including ventilator care bundles, hand hygiene, and 

antimicrobial stewardship programs, is essential to curb the emergence and spread of MDR 

organisms. 

The strengths of this study include its prospective design, standardized microbiological methods, and 

focus on a well-defined ICU population. However, certain limitations must be acknowledged. The 

relatively small sample size and single-center design may limit the generalizability of the findings. 

Additionally, molecular characterization of resistance mechanisms was not performed, which could 
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have provided deeper insights into the epidemiology of MDR pathogens. The study duration was also 

limited, potentially affecting seasonal variability in pathogen distribution. 

In conclusion, the study highlights the predominance of MDR Gram-negative organisms in VAP and 

emphasizes the need for targeted interventions to optimize antibiotic use and strengthen infection 

control measures in ICU settings. 
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CONCLUSION 

 

Ventilator-associated pneumonia remains a significant challenge in intensive care settings, 

particularly in developing countries. The present study demonstrates a predominance of Gram-

negative organisms, with Acinetobacter baumanniiemerging as the most common pathogen, followed 

by Pseudomonas aeruginosa and Klebsiella pneumoniae. A high burden of antimicrobial resistance 

was observed, especially against commonly used antibiotics, highlighting the growing threat of 

multidrug-resistant organisms in ICU environments. The study also establishes a significant 

association between prolonged mechanical ventilation and the occurrence of resistant 

pathogens.These findings underscore the need for regular microbiological surveillance and the 

development of institution-specific antibiograms to guide empirical therapy. Implementation of strict 

infection control practices, rational antibiotic use, and antimicrobial stewardship programs is essential 

to reduce the incidence and impact of VAP. Early and appropriate therapeutic interventions based on 

local resistance patterns can improve patient outcomes and reduce healthcare burden. 
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