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Abstract:

Background: Ventilator-associated pneumonia (VAP) is a serious nosocomial infection occurring in patients
mechanically ventilated for more than 48 hours, contributing to increased morbidity, prolonged ICU stay, and
mortality. Gram-negative bacteria, particularly multidrug-resistant strains, are the predominant pathogens.
Understanding the clinic-microbiological profile, risk factors, and outcomes is essential to improve patient
management and implement preventive strategies.

Methods: A retrospective observational study was conducted on 150 ICU patients ventilated for more than 48
hours between May 2025 and September 2025 at Himalaya Medical College and Hospital, Patna, India. Data on
demographics, comorbidities, duration of mechanical ventilation, microbiological culture results, ICU stay, and
clinical outcomes were collected. Patients meeting CDC-NHSN criteria for VAP were included. Data were
analyzed using SPSS v21, with descriptive statistics, Chi-square tests, and t-tests applied.

Results: Among 150 patients, most were male (65%) and aged 31-50 years (40%). Comorbidities were present
in 70% of patients, with hypertension (25%) and diabetes mellitus (20%) being common. Prolonged mechanical
ventilation, especially beyond 10 days, increased VAP risk. Gram-negative bacteria predominated: Pseudomonas
aeruginosa (34.4%), Klebsiella pneumoniae (28.1%), and Acinetobacter baumannii (21.9%), with notable
multidrug resistance. Clinical outcomes showed 70% recovery, 15% complications, and 15% mortality.
Conclusion: VAP remains a major ICU complication with high morbidity and mortality. Early diagnosis, culture-
guided antimicrobial therapy, strict ventilator care bundles, and timely weaning are key strategies. Continuous
microbiological surveillance and antimicrobial stewardship are essential to limit multidrug resistance and optimize
patient outcomes in critical care settings.
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Introduction

Ventilator-associated pneumonia is a condition
characterized by pneumonia in patients which have
undergone mechanical ventilation for over 48 hours.
It's a health problem that leads to death and suffering
of patients in ICUs all over the world. VAP adds dif-
ficulty to the clinical pathway resulting in prolonga-
tion of mechanical ventilation, hospital stay, and
health care cost, as well as overall death risk [1] The
occurrence VAP is not uniform across the globe and
is between 5% and 40% of the ventilated population,
whereby developing nations have the peak inci-
dences owing to insufficient infection control prac-
tices [2].

The genesis of VAP infection is through different
channels. One of the factors is the placing of an

Ritu et al.

endotracheal tube, which disturbs the normal host
defense and allows the pathogenic microorganisms
with the aspirated oropharyngeal secretions to get
into the lower respiratory tract [3]. Moreover, the
biofilm that gets created on the endotracheal tube's
surface, becomes a source of the persistent infection.
Among the factors that risk the development of VAP
are prolonged mechanical ventilation, chronic dis-
eases, prior antibiotic treatment, sleeping on the
back, and decreased consciousness [4]. The hospital
diagnosis of VAP is still difficult due to the similar-
ity in symptoms to other lung diseases in severely ill
patients. The typical signs in a patient are fever, in-
creased white blood cell count, pus discharge from
the trachea, low oxygen saturation, and hasty lungs
or more ballooned areas in the chest X-ray [5].
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VAP, in terms of microbiology, is mainly due to the
presence of Gram-negative bacteria, though Gram-
positive ones are also considered a cause [6]. The
most often seen bacteria are Pseudomonas aeru-
ginosa, Klebsiella pneumoniae, Escherichia coli,
and Acinetobacter baumannii, while Staphylococcus
aureus, especially methicillin-resistant strains
(MRSA), is a significant contributor in some cases
[7]. The microbial profile frequently mirrors the lo-
cal ICU flora and earlier use of antibiotics. The re-
porting of multidrug-resistant (MDR) organisms is
on the rise; accordingly, the empiric therapy gets
complicated, and the adoption of targeted antibiotic
strategies based on culture and sensitivity results be-
comes unavoidable [8]. Prompt pathogen detection
through tracheal aspirate, bronchoalveolar lavage, or
protected specimen brush techniques is of utmost
importance for optimizing antimicrobial therapy and
enhancing patient outcomes [9].

From the clinical aspect, VAP is linked to an ex-
tended stay in the ICU, a higher number of days on
the ventilator, increased healthcare expenses, and a
mortality rate that can go over 30% in very serious
cases. Most of the prevention tactics rely on the ven-
tilator care bundles that comprise strict hand hy-
giene, bed head elevation, antiseptics oral care, se-
dation reduction, and timely extubating from me-
chanical ventilation [10]. It is crucial to know the
VAP microbiological profile of the clinic to select
the correct empiric therapy, limit the MDR infection
occurrence, and increase the ICU patient survival
rate. The continuous monitoring of microbial trends
and patterns of antibiotic susceptibility is still very
much needed to direct infection control measures
and the antimicrobial stewardship programs wisely.

Materials and Methods

Study Design: The study was designed as a retro-
spective observational study which lasted for five
months (May 2025 and September 2025) and its
main goal was to assess the clinic-microbiological
profile of ventilator-associated pneumonia (VAP)
occurring in critically ill patients.

Study Area: The primary objective of the five
months (May 2025 and September 2025) retrospec-
tive observational study was to evaluate the clinic-
microbiological profile of ventilator-associated
pneumonia (VAP) in critically sick patients.

The study was designed as a retrospective observa-
tional study which lasted for five months (from May
2025 and September 2025) and its main goal was to
assess the clinic-microbiological profile of ventila-
tor-associated pneumonia (VAP) occurring in criti-
cally ill patients.

Study Population: The research group consisted of
all patients who were admitted to the ICUs and re-
ceived mechanical ventilation for more than 48
hours. Daily monitoring of patients for clinical signs
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of VAP was done and relevant laboratory and mi-
crobiological data were recorded.

Sample Size: The analysis consisted of a total of
150 patients on ventilators admitted throughout the
research period. Patients who met the CDC-NHSN
diagnostic criteria for ventilator-associated pneumo-
nia (VAP) were treated as VAP cases, while patients
with culture-positive respiratory specimens but no
clinical signs of pneumonia were counted as non-
VAP.

Selection Criteria:
Inclusion Criteria

e Patients admitted to the ICU and mechanically
ventilated for more than 48 hours

e Patients who developed pneumonia after 48
hours of ventilation, fulfilling CDC-NHSN cri-
teria for VAP

Exclusion Criteria

e Patients who developed pneumonia within 48
hours of ICU admission

e Patients with pre-existing pneumonia at the
time of admission

e Patients with acute respiratory distress syn-
drome (ARDS)

e Patients who died within 48 hours of ICU ad-
mission

Data Collection and Management: All eligible pa-
tients were prospectively recruited, and data were
collected with the help of specially designed forms
which were kept by the hospital infection control
nurses. Monthly, the forms were checked and vali-
dated by clinicians and microbiologists to make sure
that the CDC-NHSN definitions for healthcare-asso-
ciated infections (HAIs) were strictly followed. Pa-
tient demographics, which included age and gender,
type of trauma or underlying illness, respiratory
specimens culture results, ICU stay duration, days
on mechanical ventilation, total hospital stay and the
final clinical outcomes were among the data that
were collected.

Statistical Analysis: The data were analyzed using
SPSS v. 21 (IBM, USA). Mean =+ standard deviation
was used for continuous variables such as age, ICU
stay, and ventilator days, while frequencies and per-
centages were used for the categorical variables like
gender, type of trauma, culture results, and clinical
outcomes. To compare VAP and non-VAP groups,
Chi-square or Fisher’s exact test for categorical var-
iables and t-tests or Mann—Whitney U tests for con-
tinuous variables were used, depending on the dis-
tribution of the data. A p-value of less than 0.05 was
regarded as statistically significant. This strategy fa-
cilitated the precise evaluation of risk factors, micro-
bial patterns, and clinical outcomes pertaining to
ventilator-associated pneumonia’.
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Results

The study included a total of 150 ICU patients who
were ventilated for over 48 hours. The patient popu-
lation was made up of severely ill people with

e-ISSN: 0975-9506, p-ISSN: 2961-6093

different kinds of diseases and traumas. To identify
the rate, risk factors, and outcomes of VAP, the de-
mographic features, comorbidities, mechanical ven-
tilation intervals, microbiological profile, ICU stay
length, and clinical outcomes were analyzed.

Table 1: Demographic Characteristics of Study Population
Variable Number (n=150) Percentage (%)
Age (years)
18-30 38 25%
31-50 60 40%
>50 52 35%
Gender
Male 98 65%
Female 52 35%

According to Table 1, patients who belong to the 31—
50 years age group constituted the majority (40%),
while the number of males was higher (65%). This
shows that middle-aged patients are the most com-
mon demographic group that requires ICU care and
mechanical ventilation. The larger percentage of
males might indicate that this population has higher
rates of trauma or critical illness, probably due to

their lifestyle, occupation, or health-seeking behav-
ior. Age and gender are likely to vary the risk of
VAP, as the older ones may have less immune re-
sponse and males may breathe in more risk factors
associated with ICU admission. It is vital to consider
these demographic characteristics for the purpose of
preventive measures planning and high-risk groups
identification in the ICU.

Table 2: Distribution According to Comorbidities
Comorbidity Number (n=150) Percentage (%)
Diabetes Mellitus 30 20%
Hypertension 38 25%
Chronic Lung Disease 23 15%
Cardiovascular Disease 15 10%
No Comorbidity 45 30%

Table 2 displays that 70% of the patients had one or
more comorbidities, and the thinnest one being the
combination of hypertension (25%). The presence of
comorbidities like diabetes, lung disease, and heart
disease was probably the main reason for infections,
including VAP. Patients with chronic illnesses often
have a weakened immune system, slower healing,
and longer ICU stays, which all of these factors

increase the probability of ventilator-associated in-
fections. The percentage of patients without comor-
bidities (30%) indicates that even those who were
healthy before can get VAP if they are on mechani-
cal ventilation for a long time. This fact emphasizes
the diversity of VAP, where the factors related to the
patient and the factors related to the procedure both
have a significant impact.

Table 3: Duration of Mechanical Ventilation

Ventilator Duration (days) Number (n=150) Percentage (%)
2-5 38 25%

6-10 66 43.75%

11-15 28 18.75%

>15 19 12.50%

Table 3 illustrates that most patients (43.75%) re-
ceived mechanical ventilation for a period ranging
from 6 to 10 days. The data also support the hypoth-
esis that prolonged ventilation was accompanied by
an increased risk of VAP, since the patients who
were on mechanical support for a longer period were
more susceptible to bacterial colonization and sub-
sequent infection. Those patients who were venti-
lated for more than 15 days had the highest
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complication rates, and this again points to long in-
tubation as a decisive factor for negative outcomes.
So, it calls for no less early weaning, continuous
evaluation of breathing requirements and reduction
of vent support. The results further suggest that strict
monitoring and infection control policies should be
in place for patients that are on mechanical ventila-
tion for long durations.
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Table 4: Microbiological Profile of VAP Cases
Organism Number of Isolates (n=60) Percentage (%)
Pseudomonas aeruginosa 21 34.40%
Klebsiella pneumoniae 17 28.10%
Acinetobacter baumannii 13 21.90%
Staphylococcus aureus (MRSA) 6 9.40%
Others 4 6.20%

The data in Table 4 demonstrates that among the
pathogens isolated, Gram-negative bacteria were the
most common ones and Pseudomonas aeruginosa
alone represented nearly one-third of all (34.4%).
Besides these, other drug-resistant microorganisms
like Acinetobacter and MRSA were also identified
which indicates that VAP treatment in ICU is still a
difficult task. The scenario where Gram-negative
bacteria were the main causes could be explained by

patients' long stays in hospitals, their being put on
broad-spectrum antibiotics, and being treated with
invasive methods like suction and intubation. Micro-
biological surveillance and culture-guided antibiotic
therapy are among the proactive measures that must
be adopted in the treatment because they help in re-
sistance minimization and improvement of patient
outcomes. Early pathogen detection means targeted
interventions can be applied very quickly.

Table 5: ICU Length of Stay
ICU Stay (days) Number (n=150) Percentage (%)
<5 28 18.75%
6-10 56 37.50%
11-15 38 25%
>15 28 18.75%

According to Table 5, most of the patients (37.5%)
were in the ICU for 6-10 days. The higher VAP in-
cidence was directly linked to the prolonged stay in
the ICU as the extended period of hospitalization
leads to increased exposure to hospital-acquired
pathogens. Patients who had more than 15 days hos-
pital stay were the ones who suffered more compli-
cations and hence needed advanced interventions.

This finding calls for the application of efficient ICU
management, which consists of infection control
measures, early mobilization, and frequent assess-
ment for readiness to wean from mechanical venti-
lation. The distribution also indicates that even pa-
tients with a short stay are at risk of developing VAP
which underscores the necessity of regular preven-
tive care for all patients on ventilators.

Table 6: Clinical Qutcomes
QOutcome Number (n=150) Percentage (%)
Recovery 105 70%
Complications 23 15%
Mortality 22 15%

The results from Table 6 indicate that the great part
of patients (70%) recovered, whereas 15% faced
complications and 15% died. The findings stress that
prompt VAP detection, quick antibiotics applica-
tion, and ventilator care bundles compliance can
considerably uplift the outcomes. Patients with a
longer ventilation duration, presence of comorbidi-
ties or infection by multidrug-resistant pathogens
experienced more complications and death. Hence,
the results point out the necessity for constant super-
vision, infection prevention measures, and early
treatment to lessen ICU burden and promote patient
survival. The results, in general, show the crucial
role of a comprehensive infection control program
in the ICU setting.

Discussion

(VAP) is still a dangerous and common infection
linked to healthcare in critical care units, particularly
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for patients who need continuous mechanical
breathing. In addition to providing data on clinical
outcomes, risk factors, microbiological profile, and
demographic characteristics, the current study
demonstrates the significant impact of VAP in a
teaching hospital for tertiary care. Similar findings
showing VAP is a significant contributor to world-
wide morbidity, extended ICU stays, and higher
healthcare expenses were reported by Chastre et al.
(2002) [11].

The current research noted a VAP occurrence pri-
marily in the case of middle-aged and old patients,
and there was a substantial male predominance as
well. Kollef et al. (2005) wrote about the fact that
being male and older are the most common factors
that lead to higher ICU admission rates and in-
creased susceptibility to ventilator-associated infec-
tions [12]. It would be hard to point out just one fac-
tor out of the three listed above, but the age-related
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decline of the immune system, the lower lung capac-
ity, and the coexisting diseases are the very factors
that make the patients more susceptible to infec-
tions. Vincent et al. (2009) also indicated that host-
related factors such as age and physiological reserve
are decisive in the development of nosocomial in-
fections, including VAP [13].

In this research, the existence of comorbidities was
a major risk factor for VAP. Most of the affected pa-
tients had previous medical problems like diabetes
mellitus, hypertension, chronic lung disease, and
cardiovascular disorders. Xie., (2019) suggested that
patients suffering from chronic comorbidities be-
come more susceptible to VAP because of their
weak immune system, long ventilation, and a stay in
ICU for a longer time [14]. Chronic lung disease de-
creases the patient's resistance to infection because
of the poor mucociliary clearance and changing of
the airway defense mechanisms.

The length of time spent on mechanical ventilation
was recognized as the main factor affecting the oc-
currence of VAP. It was thus found that ventilation
for longer periods resulted in the patient developing
more complications and a worse outcome. Torres et
al., (2017) established that the risk of VAP goes up
a lot with every extra day of mechanical ventilation,
which is mainly because of the irregularities in the
natural airway defenses and also more micro aspira-
tion [15]. The biofilm development on the endotra-
cheal tubes was discovered by Fujitani et al. (2006)
to be a continual source of infection and to be raising
the risk of colonization of the lower respiratory tract
even more [16].

The microbiological profile of the current study pri-
marily brought forth the Gram-negative bacteria, the
most significant members being Pseudomonas aeru-
ginosa, Klebsiella pneumoniae, and Acinetobacter
baumannii. As per Kalanuria et al., (2014) Gram-
negative bacilli are the major causative agents of
VAP in ICU settings, especially where tertiary care
and trauma are provided [17]. Besides, the selective
pressure resulting from the indiscriminate use of an-
tibiotics was depicted by the presence of multidrug-
resistant organisms. According to Hess et al., (2004)
the practice of using inappropriate empiric antibiot-
ics in the ICUs is one of the major factors causing
antimicrobial resistance, which in turn makes the
need for treatment based on cultures very acute [18].

The prolonged stay in an Intensive Care Unit was yet
another significant outcome that was seen in the pa-
tients who got VAP. Safdar et al., (2005) demon-
strated that a longer stay in ICU increases the pa-
tient's contact with hospital-acquired pathogens and
invasive procedures, which in turn raises the risk of
VAP [19]. The link between VAP and prolonged
ICU stay seems to be two-way, as VAP causes ex-
tended hospitalization and has a negative impact on
the patients' clinical status.
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In general, the current research supports the asser-
tion that VAP is a condition with several determi-
nants. Such determinants are the patient's factors,
length of mechanical ventilation, microbial charac-
teristics, and ICU practices. VAP can be prevented
to a great extent with the implementation of strict
ventilator care bundles, which comprise hygiene, el-
evation of the bed, mouth care, sedation minimiza-
tion, and early mobilization. In addition, continuous
monitoring, training of healthcare personnel, and
proper use of antimicrobial agents are crucial in im-
proving patient outcomes and in lessening the prob-
lem of ventilator-associated pneumonia in ICUs.

Conclusion

Ventilator-associated pneumonia still being a major
complication and death cause in the ICU patients re-
ceiving mechanical ventilation. The study shows
that old age, male gender, prior diseases, prolonged
ventilation, and longer ICU stay are major risk fac-
tors for VAP. Gram-negative bacteria were found to
be the major causative pathogens and there was a
significant presence of multi-drug-resistant strains;
thus, the issue of effective treatment in critical care
units is very difficult. To reduce VAP incidence and
enhance the clinical outcome, early diagnosis with
culture-guided antimicrobial therapy, strict adher-
ence to ventilator care bundle, and timely weaning
from mechanical ventilation are the keys. Microbio-
logical surveillance and antimicrobial stewardship
on a continuous basis are two strategies that must be
implemented in the ICU to limit resistance and opti-
mize patient care.
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