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Abstract 
Background: Ventilator-associated pneumonia (VAP) is the commonest ICU-acquired infection. Its 
bacteriological spectrum varies geographically and directly affects patient outcome and antimicrobial 
stewardship. Local data from tertiary centres in low- and middle-income countries remain limited. 
Methods: We conducted an 18-month prospective observational study at Medical ICU in Government 
Medical College, Anantapur, and Andhra Pradesh. All adults ventilated >48 h were screened daily using a 
modified Clinical Pulmonary Infection Score. VAP was confirmed by quantitative endotracheal aspirate cultures 
(≥10^5 CFU/mL). Demography, severity indices, bacteriology, resistance patterns, therapy, and 28-day 
outcomes were recorded. 
Results: Among 180 ventilated patients (3 157 ventilator-days), 60 (33.3 %) developed 64 VAP episodes, 
giving 19.9 episodes/1 000 ventilator-days. Predominant isolates were Acinetobacter baumannii (35 %), 
Pseudomonas aeruginosa (25 %), and Klebsiella pneumoniae (20 %); 85 % of Gram-negatives were multidrug-
resistant, though 88 % remained colistin-susceptible (Figure 2). Overall mortality reached 38 %, rising to 45 % 
in late-onset VAP. Independent predictors of death were higher APACHE II (aOR 1.11 per point, 95 % CI 1.04–
1.20) and inappropriate empiric therapy (aOR 2.7, 95 % CI 1.2–6.1). 
Conclusion: Gram-negative non-fermenters, especially carbapenem-resistant A. baumannii, dominate the 
VAP ecology in our unit, driving high mortality. Early, locally guided empiric therapy and stringent infection-
control bundles are essential to curb VAP burden. 
Keywords: Ventilator-Associated Pneumonia; Bacteriology; Antimicrobial Resistance; Intensive Care; 
Outcome; Tertiary Centre. 
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Introduction 

Ventilator-associated pneumonia (VAP) develops 
≥48 h after endotracheal intubation and prolongs 
ventilation, ICU stay, and costs. Global incidence 
ranges from 6 % to 52 % of ventilated patients, 
with pooled mortality of 20 %–50 % [1, 2]. The 
burden is higher in low- and middle-income 
countries (LMICs) where resource constraints 
hamper bundle adherence. Recent Indian 
multicentre surveillance reports VAP rates 
approaching 30 episodes/1 000 ventilator-days [3]. 
Bacterial ecology strongly shapes empiric therapy 
and outcome. Although early-onset VAP was once 
attributed to community flora, contemporary data 
show rapid colonisation with resistant nosocomial 
Gram-negatives within 96 h [3, 6]. Acinetobacter 
baumannii and Pseudomonas aeruginosa now 

predominate across Asian ICUs, exhibiting 
alarming carbapenem resistance of 60 %–90 % [4, 
5]. Extensively drug-resistant (XDR) A. baumannii 
is linked to crude mortality exceeding 40 % [6]. 
Colistin and tigecycline often retain in-vitro 
activity, underpinning salvage regimens [6, 7]. 
Outcome determinants extend beyond 
microbiology. Older age, shock, high illness 
severity, and delayed adequate therapy consistently 
predict death consequently, granular local 
epidemiology is vital for guiding empirical choices 
and stewardship. Yet most Indian studies remain 
single-centre, retrospective, or small-scale [1, 4, 5]. 
VAP ensues from a complex interplay of host 
vulnerability and device-related hazards. 
Microaspiration of contaminated secretions around 

http://www.ijcpr.com/


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Padmaja et al.                                  International Journal of Current Pharmaceutical Review and Research  

1067   

the cuff, biofilm formation on endotracheal tubes, 
and impaired mucociliary clearance provide a 
fertile niche for bacterial proliferation. Systemic 
immunoparesis, broad-spectrum antibiotics, and 
supine positioning further compound risk [9].  

Emerging evidence highlights dysbiosis of the 
respiratory microbiome and frequent viral–bacterial 
co-infection, which may modulate host immunity 
and alter pathogen spectrum [10].Incidence remains 
uneven: recent meta-analysis places Europe at ~18 
cases/1 000 ventilator-days, while US ICUs report 
<3 cases/1 000 days, reflecting stricter bundle 
compliance, selective digestive decontamination, 
and lower antidote resistance [10]. Conversely, 
LMIC units—particularly in South-East Asia and 
Latin America—continue to face double-digit 
incidence, driven by overburdened staffing, limited 
microbiology support, and high baseline 
colonisation with multidrug-resistant organisms 
(MDROs).  

The 2024 International Society for Infectious 
Diseases (ISID) position paper re-emphasises a 
multifaceted prevention bundle: daily sedation 
interruption, early mobilisation, head-up 
positioning at 30°–45°, cuff pressure monitoring, 
and selective oropharyngeal decontamination [9]. 
Novel adjuncts—including subglottic secretion 
drainage tubes, silver-coated endotracheal tubes, 
and probiotic prophylaxis—have shown modest 
benefits but remain resource-dependent. 
Implementation science research underscores that 
bundle fidelity—rather than individual 
components—dictates success, especially in 
resource-limited settings. Meanwhile, predictive 
analytics are gaining traction. Recent risk-
prediction models integrating physiological 
parameters and laboratory markers outperform 
traditional scores in identifying patients at highest 
VAP risk. Such models may permit targeted 
prophylactic strategies, but external validation in 
LMIC cohorts is incomplete [3].  

Escalating carbapenem and fluoroquinolone 
resistance narrows effective empiric options. 
National Antimicrobial Surveillance Programme 
data reveal a 25-percentage-point rise in 
carbapenem-resistant A. baumannii over the past 
five years [4].  

Sequential empiric de-escalation based on rapid 
molecular diagnostics is advocated to balance 
timely coverage with stewardship. Nonetheless, 
cost and availability constraints limit their 
widespread adoption outside high-income settings. 
Against this backdrop, we aimed to characterise the 
bacteriological profile, resistance patterns, and 
clinical outcomes of VAP in a tertiary-care ICU, 
providing actionable evidence to refine prevention 

and treatment protocols locally and contribute to 
the regional data gap. 

Materials and Methods  

Design & Setting: Prospective, observational 
study at Medical ICU in Government Medical 
College, Anantapur, Andhra Pradesh (July 2022–
December 2023), after Institutional Ethical 
approval. 

Participants: All patients ≥18 years 
mechanically ventilated >48 h. Exclusions: pre-
existing pneumonia, tracheostomy on admission, 
do-not-resuscitate orders. 

VAP Definition: New/progressive infiltrate plus 
≥2 of: fever >38 °C, leukocytosis/leukopenia, 
purulent secretions, worsen oxygenation, and 
quantitative culture ≥10^5 CFU/mL from 
endotracheal aspirate. 

Microbiology: Samples processed within 1 h. 
Identification via MALDI-TOF; susceptibilities by 
VITEK-2, interpreted per CLSI-2024. 

Data Collection: Demographics, APACHE II, 
comorbidities, device days, prior antibiotics, bundle 
adherence. Outcomes: duration of ventilation, ICU 
length of stay (LOS), and 28-day mortality. 

Statistics: SPSS v27. Categorical variables 
compared with χ²/Fisher; continuous with t-
test/Mann–Whitney. Multivariate logistic 
regression for mortality predictors (p <0.05 
significant). 

Results 

During 3 157 ventilator-days, 180 patients met 
inclusion. VAP developed in 60 (33.3 %; 64 
episodes). Mean age was 56 ± 15 y; 62 % male. 
Median APACHE II was higher in VAP group (18 
vs 15, p = 0.01). Early-onset VAP accounted for 22 
(34 %) episodes. Overall isolate distribution is 
shown in Figure 1. Gram-negative bacilli caused 80 
% of episodes; A. baumannii was predominant (35 
%), followed by P. aeruginosa (25 %) and K. 
pneumoniae (20 %). Methicillin-resistant S. aureus 
(MRSA) represented 10 %. Antibiogram revealed 
high resistance: only 18 % of Gram-negatives were 
carbapenem-susceptible.  

Colistin (88 %) and tigecycline (65 %) retained 
best activity (Figure 2). Inappropriate empiric 
therapy occurred in 44 % and tripled mortality risk. 
Median ventilation duration was 14 days (IQR 9-
20) in VAP vs 7 days (IQR 4-11) in non-VAP (p 
<0.001). ICU-LOS similarly prolonged (17 vs 10 
days, p <0.001). Crude 28-day mortality was 38 %, 
exceeding non-VAP mortality of 22 % (p = 0.02). 
Late-onset VAP had higher mortality (45 % vs 27 
%). 
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Table 1: Baseline characteristics of ventilated cohort 
Variable VAP (n = 60) Non-VAP (n = 120) p 
Age (y), mean ± SD 57 ± 16 55 ± 14 0.34 
Male sex, n (%) 38 (63) 73 (61) 0.78 
APACHE II, median (IQR) 18 (14–23) 15 (11–20) 0.01 
Shock on admission, n (%) 28 (47) 30 (25) 0.003 
 

Table 2: Bacterial isolates from 64 VAP episodes 
Organism n % 
A. baumannii 21 35 
P. aeruginosa 15 25 
K. pneumoniae 12 20 
MRSA 6 10 
E. coli 3 5 
Others 3 5 
 

Table 3: Antimicrobial susceptibility of Gram-negative isolates 
Antibiotic % Susceptible 
Colistin 88 
Tigecycline 65 
Aminoglycosides 32 
Carbapenems 18 
Fluoroquinolones 15 
 

Table 4: Outcomes: Early vs Late-onset VAP 
Outcome Early (<5 d) n = 22 Late (≥5 d) n = 38 p 
Ventilation days, median (IQR) 11 (8–14) 16 (12–22) 0.02 
ICU-LOS, median (IQR) 14 (10–18) 19 (14–25) 0.01 
28-day mortality, n (%) 6 (27) 17 (45) 0.04 
 

 
Figure 1: Distribution of Bacterial Isolates among VAP Cases 
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Figure 2: Antimicrobial Susceptibility of A. baumannii Isolates (%) 

 
Discussion  

Our VAP incidence (19.9/1 000 ventilator-days) 
lies within the Indian range of 10–30 episodes/1 
000 days [5] and remains markedly higher than 
rates reported from high-income regions (4–8/1 
000), underscoring the persistent vulnerability of 
LMIC ICUs [7]. The isolate pattern mirrors recent 
Asian datasets where Acinetobacter baumannii and 
Pseudomonas aeruginosa dominate [3, 4]. 
Carbapenem resistance reached 82 % in A. 
baumannii, paralleling national surveillance that 
shows a rise from 60 % in 2018 to more than 80 % 
by 2024 [5]. Crude mortality of 38 % aligns with 
pooled estimates from meta-analyses [2, 8]. 
Independent predictors—higher APACHE II and 
inappropriate empiric therapy—echo observations 
by Koulenti and colleagues [3] and by Hsu et al. 
[8], in which delayed active treatment nearly 
doubled deaths.  

Colistin retained 88 % susceptibility and therefore 
remained a key rescue agent, but nephrotoxicity 
forces close monitoring. Our findings reinforce the 
paradox of preserved colistin activity despite 
rampant carbapenem resistance, a trend reported in 
multiple MDR A. baumannii cohorts [6]. Late-
onset VAP carried higher mortality, probably 
reflecting biofilm-driven resistance, cumulative 
organ dysfunction, and longer exposure to invasive 
lines. Bundle compliance averaged 78 %; gaps in 
subglottic suctioning and head-up positioning 
accounted for most preventable episodes—
consistent with global bundle-adherence challenges 
in resource-limited settings [7]. Adjunctive 
strategies merit discussion. Inhaled antibiotics have 
gained traction as a means to achieve high 

epithelial lining-fluid concentrations without 
systemic toxicity. A 2024 network meta-analysis 
suggested that adjunctive aerosolised colistin 
shortens bacterial clearance time and may reduce 
ventilator days, although mortality benefit remains 
uncertain [9]. Our unit has begun piloting this 
approach; preliminary observation indicates faster 
resolution of A. baumannii bacteraemia, supporting 
further controlled evaluation. Rapid molecular 
diagnostics such as multiplex PCR panels can 
identify pathogens and resistance genes within 
hours, allowing targeted de-escalation. Their 
routine use in high-income settings correlates with 
lower mortality and antibiotic exposure [10].  

Cost constraints limit universal adoption in LMICs, 
yet modelling studies predict cost-effectiveness 
when VAP incidence exceeds 15/1 000 days—well 
above our threshold. Advocacy for tiered pricing 
and regional reference laboratories could bridge 
this gap. Antimicrobial stewardship must 
accompany any expansion of advanced diagnostics. 
Our audit revealed empiric carbapenem use in 72 % 
of suspected VAP episodes, a practice likely to 
perpetuate resistance.  

Embedding a daily stewardship huddle reduced 
empiric carbapenem starts by one-third without 
compromising adequacy, echoing similar successes 
from other Indian centres [11]. Strengths of the 
present study include prospective design, 
quantitative cultures, and robust multivariate 
analysis. Limitations encompass single-centre 
scope, absence of viral and fungal diagnostics, and 
a lack of molecular typing to track clonal spread. 
Nonetheless, our data provide a granular local 
antibiogram that is already shaping empiric 
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protocols: colistin–tigecycline for late-onset 
infection, and piperacillin–tazobactam plus 
vancomycin for early-onset disease pending culture 
results. Future work should evaluate bundled 
prevention augmented by behavioural nudges, 
assess cost-effectiveness of point-of-care 
diagnostics, and explore synergistic antibiotic 
combinations in vitro and in vivo.  

Multicentre collaborations, such as the ongoing 
Indian VAP surveillance network [12], are critical 
for refining national benchmarks and informing 
policy. In summary, high incidence, predominance 
of carbapenem-resistant Gram-negatives, and 
significant mortality demand a concerted strategy 
blending rigorous prevention, tailored empiric 
therapy, rapid diagnostics, and steadfast 
stewardship. 

Conclusion  

Ventilator-associated pneumonia remains a 
formidable ICU challenge. In our tertiary-care 
setting, Gram-negative non-fermenters—chiefly 
carbapenem-resistant A. baumannii—dominate and 
drive prolonged ventilation and high mortality. 
Illness severity and delayed adequate therapy are 
key, modifiable outcome determinants. Rigorous 
prevention bundles, early microbiological 
sampling, and empiric regimens aligned with local 
resistance patterns—preferably colistin-based for 
late-onset cases—are essential. Continuous 
surveillance and antimicrobial stewardship are vital 
to stem the tide of resistance and improve patient 
survival. 
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