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INTRODUCTION 
Ventilator associated pneumonia is the second most common HAI and 
accounts for 15-20% of total HAIs. Ventilator-associated pneumonia 
(VAP) means pneumonia where the patient is on mechanical 
ventilation for > 2 consecutive calendar days on the date of event, with 
day of ventilator placement being Day 1, and the ventilator was in 
place on the date of event or the day before. If the ventilator was in 
place prior to inpatient admission, the ventilator day count begins with 
the admission date to the rst inpatient location. Ventilator is any 
device used to support, assist, or control respiration (inclusive of the 
weaning period) through the application of positive pressure to the 
airway when delivered via an articial airway, specically an 
oral/nasal endotracheal or tracheostomy tube. And it is characterized 
by presence of new progressive inltrate, signs of systemic infection 
(fever, altered white blood cells, worsening of oxygenation, changes in 
the sputum characteristic. Microbiological detection of pathogen plays 
a pivotal role in the diagnosis of VAP. (1) Our study mainly aims to 
detect the locally prevalent bacterial pathogens and their antibiotic 
resistance patter and specic patterns in the drug resistance

MATERIALS AND METHODS
It's a cross-sectional study conducted over a period of 6 months, June - 
December 2024 in the Department of Microbiology, G.M.C. Nagpur. 
Ethical Committee Approval was been taken from Institutional Ethics 
Committee. Informed consent was taken from patients participating 
the study. Endotracheal aspirates from patients admitted in various 
ICUs on mechanical ventilation were collected. Samples from 86 
patients were collected. collected samples been subjected to gram stain 
and semiquantitative culture. And antibiotic-sensitivity tests been 
done by CLSI 2024 guidelines by KB-DD. MRSA detection was done 
by Cefoxitin disk diffusion test (where cefoxitin acts as the surrogate 
marker). All Methicillin resistant Staphylococcus aureus (MRSA) 
were subjected to Vancomycin sensitivity tested using E-strip method. 
ESBL (Extended spectrum Beta-lactamase) detection done by double 
disk synergy test (DDST).  For Amp C (Ambler's Class -C) detection 
Cefoxitin(30µg) screen test was performed  and conrmed by Disk 
antagonism test using Cefoxitin (30µg) as an inducer of Amp C and 
Cefotaxime (third generation cephalosporin) as the substrate. Blunting 
of the inhibitory zone of the substrate towards the inducer considered 
as positive test.  MBL(Metallo-beta-lactamases) identied using 
Meropenem -EDTA disk (10/75 µg), increase in zone diameter >5 mm 
than the Meropenem (10 µg) was considered as positive test. (2)

RESULTS
Table No. 1 explains the demographic data. Among 86 patients, 73% of 
them were males and 27% were females. The predominant age group 
affected was 41-50 years (21% of the total study population). Higher 

number of cases were reported from TICU -34 (39%) followed by 
MICU- 28 (33%). Least number of cases reported from NICU-14 
(16%) and PICU-10 (12%). In present study that out of 90 bacterial 
isolates, 98% were gram-negative bacteria and 2% were gram-positive 
bacteria. The most common gram-negative bacteria isolated was 
Acinetobacter spp.- 32 (35.5%) followed by Klebsiella pneumoniae- 
26 (28.8%) and Pseudomonas 19 (21%). The least common gram-
negative isolates were E. coli-6(6.7%) and Citrobacter Spp.-5 (5.5%) 
respectively). Staphylococcus aureus- 2 (2.2%) was the only gram-
positive bacteria isolate. 

All Staphylococcus aureus found to be Methicillin resistant but 
sensitive to Vancomycin. All gram-negative isolated were multi-drug 
resistant. (Bar diagram 1&2). Klebsiella pneumoniae being the 
predominant Enterobacrerals isolate showing high level drug 
resistance to all beta-lactam antibiotics including carbapenems so as E. 
coli and Citrobacter. All Enterobacterale isolates were showing low 
resistance to Fluoroquinolone like LE and Aminoglycoside like AK. In 
case of non-fermenter isolates, both Acinetobacter and Pseudomonas 
isolates were highly resistant to all Beta-lactam antibiotics, 
Aminoglycosides and uroquinolones. 

Table No.1 Gender, Age Wise Distribution of Patients (n=86)
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Number of patients Percentage
Gender
Male 63 73%
Female 23 27%
Age group
1-10 14 16%
11-20 10 12%
21=30 8 9%
31-40 12 14%
41-50 18 21%
51-60 14 16%
  61-70 9 11%
71-80 1 1%
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Ampicillin (AMP), Cefazolin (CZ), Cefotaxime (CTX), Cefuroxime 
(CXM), Ceftriaxone (CRO), Ceftazidime (CAZ), Cefoxitin (CX), 
Cefepime (CPM), Amoxicillin-Clavulanate (AMC), Ampicillin-
sulbactam (AMS), Piperacillin-tazobactam (PIT), (MRP), Aztreonam 
(AT), Gentamycin (GEN), Tobramycin (TOB), Amikacin (AK), 
Levooxacin (LE), Cotrimoxazole (COT)

Table no 2. Detection of ESBL, Amp C, and MBL in Gram- 
Negative Isolates

DISCUSSION 
Table no. 1 describes the age, gender wise distribution of patients. 
According to our ndings, 73% of the affected population were male. 
Males are more prone to develop VAP compared to females. According 
to Rao SV et al (3), out of 338 patients, 68% of them were males. 
Studies by Dey A et al (4) and Kanafani Za et al (5) were also showing 
the male predominance of 75% and 58.6% respectively. The most 
common age group affected was 45-50 years (21%) followed by 51- 60 
years (16%). In a study by Natarajan K et al similar ndings can be 
seen the mean age group of affected population was 52 years (with 
interquartile range of 18-87 years). (6) We found the incidence of VAP 
is more common in TICU (39%). The incidence of VAP in trauma 
patients can be due to the nature of trauma, prolonged mechanical 
ventilation and use of sedatives for the management of pain (7).

The major pathogens causing VAP is gram-negative bacilli (98%), 
Acinetobacter (35.56%) and Klebsiella pneumoniae (28.8%) were the 
predominant pathogen. In an observational study been conducted in a 
tertiary care center by Rao SV et al (3), the predominant pathogens 
were Klebsiella and Acinetobacter (36.29% each). Similar ndings 
can be seen in study by Ramasubban S et al (8). According to their 
study the Klebsiella and Acinetobacter were isolated as predominant 
bacterial pathogens causing VAP (42.9% and 33.3%   respectively).  In 
our study the only gram-positive pathogen was Staphylococcus aureus 
(2.2%) in accordance with studies by Natarajan K et al, the isolation 
rate of Staphylococcus aureus was 3.3%. (6)

Bar diagram No. 1 showing percentage of drug resistance in the 
Enterobacrerals isolates. All are showing 100% resistance to AMP, CZ, 
CTX, CXM.  Klebsiella, E. coli and Citrobacter were showing high 
level resistance both fourth generation bata-lactam antibiotic like 
CPM (92.3%,83.3% and 80% respectively) and BL-BLI combination 
like PIT (96.2%, 83.3% and 80% respectively). Resistance to 
Carbapenem like MRP was 88.4% and Sulfamethoxazole like COT 
was 80.7%. Klebsiella, E. coli and Citrobacter were showing low 
resistance to Aminoglycoside like AK (34.6%,33.3% and 40% 
respectively) and Fluroquinolones like LE (65.4%, 50% and 20% 

respectively). In a study by Ramasubban S et al (8) Klebsiella was the 
predominant. Enterobacrerals isolate, showing high level resistance to 
Carbapenem like Imipenem (IMP) and Sulfamethoxazole like COT 
(90% each) which are almost similar to our ndings. But the resistance 
to Amikacin was very high (85%).

In the present study (Bar diagram No. 2) all Acinetobacter isolates 
were 100% resistant to Beta-lactam antibiotics like CRO, CTX, CAZ, 
CPM. Resistance to PIT was 78.94% and MRP was 93.75%. 
Aminoglycosides like GEN, TOB and AK showing resistance as 
follow 84.37%, 81.25% and 93.7% respectively. In the present study 
all isolates were 100% resistant to Levooxacin. According to Sahib 
Noor Singh et al (9) resistance to Acinetobacter isolates were showing 
similar pattern with our ndings. Very high-level resistance to PIT and 
MRP as follow 89.3% and 85.7%. Resistance to GEN and AK were as 
follow 89.3% and 85.7%. In their study also resistance to LE was 
100%.  In the present study Pseudomonas isolates were showing high 
level resistance to Beta-lactams like CAZ (100%), CPM (89.47%), 
Monobactam like AT (94.73%) and Carbapenem like MRP (94.73%). 
Resistance to Fluroquinolones like Levooxacin (LE) and 
Aminoglycoside like TOB were relatively low (78.94% and 68.42% 
respectively). In accordance with our nding Farag AM et al's (10) 
study shows Pseudomonas aeruginosa has high resistance to several 
key antibiotics. They showed 100% resistance to AMP, CX, CTX, and 
CPM indicating these drugs are ineffective against this pathogen. Their 
study also shows P. aeruginosa demonstrated relatively better 
susceptibility to MRP (54.5%) and AK (68%), suggesting these could 
still be considered for treatment, although resistance remains 
signicant.  Similar to our nding, resistance to LE and TOB were 
relatively low (73% each) in their study. 

In Table No. 2 Among Klebsiella pneumoniae, 92.3% of them were 
ESBL producers while 66.6% of E. coli were ESBL producers. Slavia 
Tet al (11) conducted the study on comparison of different phenotypic 
method of detection of drug resistance, observed major organisms 
producing ESBL by DDST were Klebsiella pneumoniae and E. coli 
(76.5% and 52.3% respectively). Similarly in the present study, 
Klebsiella is the major ESBL producer followed by E. coli (92.31% 
and 66.66% respectively). Inamdar DP (12) et al conducted a study 
Phenotypic detection of drug resistance, in which Amp C production in 
gram-negative organism by disk antagonism test, found Klebsiella and 
E. coli are the major pathogens (75% and 33% respectively). The 
present study states that Amp C production is common in Klebsiella 
and E. coli (34.6% and 33.3%). In our study the most common MBL 
producing gram-negative organisms were Pseudomonas, E. coli and 
Klebsiella (73.68%, 50% and 42.31% respectively) and least common 
in Acinetobacter (15.6%).  Kamble D et al (13) has similar observation 
in their study, phenotypic detection of MBL Pseudomonas aeruginosa 
was the predominant organism (23.62%), followed by Acinetobacter 
(18.75%), E. coli (5.55%) and Klebsiella pneumoniae (9.09%). 

CONCLUSIONS
In our study VAP is -predominant in male gender with high incidence 
in Trauma Intensive Care Units. Gram-negative bacilli are the most 
common causative agents, Acinetobacter and Klebsiella as the 
predominant pathogens. All the gram-negative isolates found to be 
multi-drug resistant, with detection of ESBL (78.37%), Amp-C 
(13.63%) and MBL (31.81%). The only gram-positive isolates in our 
study all Staphylococcus aureus and found to be methicillin resistant 
(100%) is really concerning. Occurrence of VAP can be reduced by 
emphasizing the infection control practices, implementing VAP 
bundle, judicious use of antibiotics. To implement the antibiotic policy 
for treatment of VAP, our study will help physician give awareness 
about the locally prevalent pathogens and their sensitivity pattern. 
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