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Abstract 
Introduction: Ventilator-associated pneumonia (VAP) is defined as pneumonia occurring more than 48 hrs 
after patients have been intubated and received mechanical ventilation. It is characterized by the presence of a 
new or progressive infiltrate, signs of systemic infection, changes in sputum characteristics, and detection of a 
causative agent. VAP pneumonia which contributes to approximately half of all cases of hospital-acquired 
pneumonia and is the second most common nosocomial infection in the intensive care unit (ICU). 
Aims: Primary Aim: To detect the common pathogens causing Ventilator Associated Pneumonia (VAP) and 
their sensitivity pattern. Secondary Aim: To improve the specificity of the diagnosis of VAP and avoid the 
consequent unnecessary antibiotic usage and its associated problems. 
Results: A total of 230 people suspected of VAP were enrolled in this study. These included 138 60%) males 
and 92(40%) were females. Endotracheal Aspirate Semi-quantitative culture and blood cultures were done. 
40.4% of patients with positive Endotracheal aspirate cultures were considered as VAP cases of which 60.2% 
were males and 39.8% were females. The most common age group of VAP patients in our study were from 60-
74years.The mean age was 65 years. 49.5% of VAP patients were given broad spectrum antibiotics in preceding 
week. In non-VAP patients only 43% were given broad spectrum antibiotics, showing that prior antibiotic intake 
is significant risk for development of VAP. 67.7% 0f VAP patients were put on mechanical ventilation for more 
than 10 days. P value is 0.09 which is significant. Majority of patients in our study (66.6%) had late onset VAP 
and 34.4% had early onset.  
Conclusions: The incidence of ventilator associated pneumonia was around 40 percent among suspected 
mechanically ventilated patients in intensive care units , being predominantly late ventilator associated 
pneumonia and caused mainly by multidrug resistant gram negative bacteria, Acinetobacter spp and klebsiella 
spp. Nearly half the patients who developed ventilator associated pneumonia have taken prior antibiotics. The 
microbiological profile generated by this study will certainly help in giving guidance for formulating empirical 
therapy for suspected ventilator associated pneumonia patients. Moreover it will also provide guidance for the 
development of effective hospital infection control policy and measures which will help in preventing and 
controlling ventilator associated pneumonia. 
Keywords: VAP, Early onset VAP, Late onset VAP, Endotracheal Aspirate ETA, MDR Pathogens, Intensive 
care unit, Antibiogram. 
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Introduction 

Ventilator-associated pneumonia (VAP) is defined 
as pneumonia occurring more than 48hrs after 
patients have been intubated and received 
mechanical ventilation. Characterized by the 
presence of a new or progressive infiltrate, signs of 
systemic infection (fever, altered white blood cell 
count), changes in sputum characteristics, and 
detection of a causative agent [1]. Ventilator-

associated pneumonia which contributes to 
approximately half of all cases of hospital-acquired 
pneumonia [1,2] has been reported in variable 
frequency among mechanically ventilated patients 
ranging between 13–57 % [1], [3]. It is the second 
most common nosocomial infection in the intensive 
care unit (ICU) [4,5]. Ventilator-associated 
pneumonia is categorized as early onset ventilator 
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associated pneumonia when it occurs within four 
days of endotracheal intubation whereas late onset 
ventilator associated pneumonia occurs after four 
days of endotracheal intubation. Typically, bacteria 
causing early-onset ventilator associated 
pneumonia include Streptococcus pneumoniae (as 
well as other streptococcus species), Hemophilus 
influenzae, Methicillin-sensitive Staphylococcus 
aureus (MSSA), antibiotic-sensitive enteric Gram-
negative bacilli, Escherichia coli, Klebsiella 
pneumonia, Enterobacter species, Proteus species 
and Serratia marcescens. Etiological agents of late 
VAP are typically MDR bacteria, such as 
methicillin-resistant Staphylococcus aureus 
(MRSA), Acinetobacter, Pseudomonas aeruginosa, 
and extended-spectrum beta-lactamase producing 
bacteria (ESBL) [6,7,8]. While late onset VAP is 
caused by P. aeruginosa, Acinetobacter, 
Enterobacter species, MRSA, etc. VAP is 
frequently polymicrobial and Gram negative bacilli 
are the predominant organisms isolated [9]. In 
general, early VAP is caused by pathogens that are 
sensitive to antibiotics, whereas late onset 
ventilator associated pneumonia is caused by multi-
drug resistant and more difficult to treat bacteria 
[10,6]. The exact prevalence of multidrug resistant 
organisms is variable between institutions and also 
within institutions [1].  

The prognosis for ventilator associated pneumonia 
caused by Gram negative aerobic bacilli is 
considerably worse than that for infection with 
Gram positive pathogens. According to various 
studies ventilator associated pneumonia due to 
pathogens like Acinetobacter spp, and 
Pseudomonas aeruginosa, had a significantly higher 
mortality rate when compared to patients with VAP 
due to other organisms. 

The clinical signs commonly utilized for diagnosis 
of VAP are fever, leukocytosis, and purulent 
tracheobronchial secretions. The only alternative 
approach to the clinical diagnosis of VAP is the 
Clinical Pulmonary Infection Score (CPIS), which 
was proposed by Pugin et al.[12] Various studies 
have shown VAP as an important problem in the 
intensive care unit setting. There is enough 
evidence to indicate that VAP is preventable and 
that hospitals can decrease VAP rates. The current 
study was undertaken to aid in accurate 
Microbiological diagnosis of ventilator associated 
pneumonia and to find predominant etiological 
agents, their antibiogram and associated risk factors 
in these patients. This will help in generating 
microbiological data which will aid the institution 
to formulate empirical treatment and antimicrobial 
policy.  

Material and Methods:  

This was a hospital based, prospective, cross 
sectional study conducted over a period of 18 

months in the Postgraduate Department of 
Microbiology, Government Medical College, 
Srinagar, a tertiary care centre to majority of 
population in the Kashmir division. The specimens 
of Endotracheal Aspirate (ETA) were collected 
with sterile technique using suction catheter. The 
blood samples were collected under aseptic 
conditions. Both samples were processed within 
one hour and in the Microbiology laboratory. 
Diluted ETA were inoculated onto blood agar, 
MacConkey agar, and chocolate agar and incubated 
overnight at 37°C.The chocolate agar plate was 
incubated in a candle jar at 37°C. Colony-forming 
units (CFU) were calculated by counting the 
number of colonies on the blood agar plate and 
multiplying it with the dilution factor and the 
inoculation factor. For definitive diagnosis of 
ventilator associated pneumonia, quantitative 
culture threshold was considered as 105 CFU/ mL. 
[13] Antimicrobial susceptibility testing of isolates 
were done employing Kirby Bauer standard disc 
diffusion method on Muller Hinton agar. In this 
study the susceptibility of gram negative bacilli 
was tested against Ampicillin (10µg), Ampicillin 
sulbactam (10/10µg), Amoxicillin clavulanic acid 
(20/10µg) acid, Piperacillin Tazobactam 
(100/10µg), Amikacin (30µg), Aztreonam (30µg), 
Co-trimoxazole (1.25/23.5µg), Cefotaxime(10µg), 
Ceftriaxone (10µg), Ceftazidime (30µg), Cefipime 
(30µg), Cefoperazone + sulbactum (75/10µg), 
Ciprofloxacin (5µg), Colistin (10µg), Gentamicin 
(10µg), Imipenem (10µg), Meropenem (10µg), 
Tigecycline (30µg). For gram positive cocci the 
discs were penicillin (10µg), linezolid (30µg), 
Erythromycin (15mg), Clindamycin (2mg), 
Cotrimaxazole (1.25/23.5µg), Vancomycin (5µg), 
Ciprofloxacin (5µg), Cefoxitin (30µg), Amikacin 
(30µg). The zone of inhibition of was measured 
and interpreted according to CLSI guidelines 2019. 
The following pathogens were considered as MDR: 
Methicillin resistant Staphylococcus aureus 
(MRSA), extended spectrum beta lactamases 
producing gram negative Enterobacteriaceae 
(ESBL), Pseudomonas aeruginosa and other non-
fermenters resistant to three or more of the 
following antibiotic classes: antipseudomonal 
cephalosporins or penicillins, carbapenems, 
fluoroquinolones and aminoglycosides.  

Blood Culture: BACT-alert automated system 
(biomerieux, USA) was used for automated blood 
culture.10ml of blood was inoculated in blood 
culture bottles. Bottles were incubated for 5 days 
until the system detected positive growth which 
were further processes using standard laboratory 
protocols.  

Ethical issue: - Ethical clearance was obtained 
from Ethical Clearance committee.  

Results: 
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A total of 230 people suspected of VAP were 
enrolled in this study. These include 138 (60%) 
males and 92(40%) were females. Endotracheal 
Aspirate Semi-quantitative culture and blood 
culture was done in all these patients. 40.4% of 
patients with positive Endotracheal aspirate 
cultures were considered as VAP cases of which 
60.2% were males and 39.8% were females. The 
most common age group of VAP patients in our 
study were from 60-74years.The mean age was 65 
years. 49.5% of VAP patients were given broad 
spectrum antibiotics in preceding week.  

In non-VAP patients only 43% were given broad 
spectrum antibiotics, showing that prior antibiotic 
intake is significant risk for development of VAP. 

67.7% 0f VAP patients were put on mechanical 
ventilation for more than 10 days. P value is 0.09 
which is significant. Majority of patients 66.6% 
had late onset VAP and 34.4% had early onset. 
Most of the patients had one or more co-
morbidities.  

Among which Trauma and cardiovascular disorders 
were most common, each accounting for 21.5%, 
followed by diabetes mellitus, neurological 
disorders and prior surgery. 

Results of ETA Cultures  

Out of 230 endotracheal aspirate cultures, 137 
samples were sterile and 93 (40.4%) were culture 
positive.

 

 
Figure 1: 

 
In all patients with positive endotracheal aspirate 
culture, 88.1% had monomicrobial growth. Only 
11.8% had polymicrobial growth.  
The percentage of Gram Negative and Gram 
Positive Organisms isolated from ETA Culture was 
84.9% and 11.8% respectively. Candida was 

isolated from a small percentage of patients ie 
3.2%.In gram negative organisms, Acinetobacter 
spp 49.3% was the most frequently isolated 
bacteria followed by klebsiella spp 32.9%.In case 
of Gram positive organism staphylococcus aureus 
54.4% was the commonest. 

 
 

 
Figure 2: 
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FIGURE 1: Results of ETA Cultures 

Total No. of ETA processed TOTAL No. of sterile Total No. of culture positive 
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Figure 3: 

 
Microbial profile of Early and late onset 
ventilator associated pneumonia: In both early 
and late onset VAP, Acinetobacter spp was the 
most commonly isolated organism followed by 
klebsiella. In early onset ventilator associated 

pneumonia, Acinetobacter 50% and klebsiella spp 
16.6% were the commonest isolated organisms. in 
late onset ventilator associated pneumonia, 
Acinetobacter constituted 37.7% of total count and 
klebsiella was isolated in 32.7% of samples.

 

 
Figure 4: Microbial Profile in Early and Late VAP 
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Results of Blood Cultures: Blood cultures were positive in only 9.13% (21) of the total 230 samples processed 
and corresponds with 22.6% of 93 patients with positive endotracheal aspirate cultures.  
  

 
Figure 5: 

 
Organisms Isolated From Blood Culture: Acinetobacter spp was the common organism 47.6% isolated from 
blood followed by klebsiella spp 28.6%. No gram-positive organism was isolated from blood.  
 

 
Figure 6: 

 
Organisms isolated from VAP were mostly multidrug resistant (74.2%). Among these multidrug resistant 
pathogens 79.7% were associated with late onset ventilator associated pneumonia. 
 

 
Figure 7: 
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Discussion: 

Ventilator associated pneumonia (VAP) is the most 
common cause of hospital acquired infections 
among patients admitted to ICU. The incidence of 
ventilator associated pneumonia in this study was 
40%, which is nearly similar to studies conducted 
by Poonam PC et al.[14] (39.06%) Abhilekha et al. 
[7], (42%), Shalini et al [15]., (35.78%) and Gadani 
et al. [16]. (37%). Umara et al. [17] have reported 
an incidence of 33%. Even higher incidence rates 
were reported by Dey et al. [18]., (45.4%) and 
Rajashekaran et al [19], who reported a very high 
incidence rate of 73%. The variation in the 
incidence may be attributed to various factors such 
as; the criteria used to define ventilator associated 
pneumonia (microbiological, clinical or both), the 
study population, underlying co-morbidities, the 
use of preventive strategies, duration of ventilation, 
pathogen profile etc.  

During the study, Among the 93 VAP cases 82 
(88.17%) were found to be Monomicrobial and 
11(11.82%) were poly-microbial infection. 
Similarly higher percentage of monomicrobial 
infections in VAP have been reported observed by 
Saroj G et al., (2013) [27] and Sharma et al.,(2012) 
[14] Umara et al., (2020) [17] have reported 76% 
VAP infections as mono-microbial where as 23% 
as poly-microbial.  

Of the organisms isolated from endotracheal 
aspirate cultures, 79(84.9%) were Gram Negative 
and gram positives organisms were isolated from 
11 (11.8%). Candida was isolated from 3(3.2%). In 
gram negative organisms, Acinetobacter spp 49.3% 
was the most frequently isolated bacteria followed 
by klebsiella spp 32.9%. In case of Gram positive 
organism Staphylococcus aureus 54.4% was the 
commonest. Chawla R et al. [34] in their study 
have reported 87% isolation of Gram negative 
organisms from VAP cases. Umera et al. [17], have 
also reported that Majority of the bacterial isolates 
recovered (n=728, 81.5%) were Gram negative 
bacilli among which Acinetobacter spp followed by 
Klebsiella pneumoniae were the most common. 
This was followed by Gram positive isolates 
(n=165, 18.5%) and various species of Candida. 
Similar observation have been reported by Arora 
SC et al. [35], Meduri GU et al., Ritu S et al., [36], 
have documented gram negative bacteria to be the 
commonest etiological agents of VAP, including a 
study by Fagon et al which found 67.6 per cent 
isolates to be gram negative bacteria.  

In present study, blood cultures were positive in 
9% patients. Among these patients, identical 
pathogens were isolated both blood culture and 
from endotracheal aspirates cultures in 21.5% of 
patients. Similar findings were seen in Patro et al. 
[28] and Luna et al. [37] where association of 
positive blood culture in VAP patients was seen to 

be 22%. In Enterobacteriaceae family, klebsiella, 
Escherichia coli and Enterobacter showed 100% 
resistance to cefazolin and aztreonam and 100% 
sensitive to colistin. High level resistance was seen 
to cefepime, ceftriaxone, cotrimoxazole. Even 
carbapenems were found to be resistant in 80% of 
klebsiella spp and 100% of Enterobacter spp. Such 
High resistant variants of Enterobacteriaceae 
resistant to beta-lactam antibiotics, carbapenems, 
fluoroquinolones, aminoglycosides and third 
generation cephalosporin have been reported by 
various authors previously (Patra S et al [28], 
Ranjan N at el. [26]., Cheema UK at el., (2018) 
[38]. Among the non-fermentative Gram Negative 
bacteria, Acinetobacter spp was 100% resistant to 
ceftriaxone and ceftazidime-tazobactam. High level 
resistant was seen to amikacin (97.4%), 
cotrimoxazole (97.5%), cefepime (94.8%) and 
gentamicin (94.8%). Pseudomonas was 100% 
resistant to ceftazidime and aztreonam and even 
resistant to carbapenems (87.5%). Acinetobacter 
was 100% sensitive to colistin and 59% sensitive to 
imipenem.  

Similar results of high antibiotic resistance have 
been documented by Varsha Gupta, et al., (2018) 
[39] where resistance of Acinetobacter spp. to 
ciprofloxacin (81%), amikacin (71.8%), gentamicin 
(70.7%), cefoperazone sulbactam (59.3%), 
piperacillin-tazobactam (53.1%), and Imipenem 
(40.6%) was seen. similar higher rate of resistance 
among non-fermenters like Acinetobacter spp and 
Pseudomonas in VAP patients was reported by 
Umara et al.,(2020).[17]  

Gram positive bacteria have showed a very high 
resistance to the antibiotics against which they 
were tested. All isolates of staphylococcus were 
MRSA (100%) and 100% resistant to gentamicin 
but 100% sensitive to vancomycin and linezolid. 
High degree of resistance in Gram positive isolates 
have been reported by various author (Bali N et al 
[40]., Patro S et al [28] in which resistance to 
cefoxitin was 75%. In S.aureus and coagulase 
negative staphylococcus, cefoxitin resistance was 
reported to be 73%.  

Most of the organisms (73.4%) in our study were 
multidrug resistant. Multidrug resistant pathogens 
are mainly seen in late onset ventilator associated 
pneumonia (79.7%).Gram negative organisms 
constituted 84.0% of all the multidrug resistant 
pathogens. Acinetobacter spp. (44.9%), followed 
by  

Klebsiella (23.21%) and pseudomonas (8.7%). 
MRSA was the commonest Gram Positive Multi 
drug resistant Organism isolated. Isolation of 
Multidrug resistant microorganisms from patients 
suffering from ventilator associated pneumonia has 
been previously reported by various authors such as 
Patro S et al (2018) [28], Ranjan N et al., [26]; 
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Cheema UK et al., (2018) [38]. Patro S et al (2018) 
[28] have documented that Thirty-seven (78.7%) of 
the 47 VAP pathogens were multi-drug resistant 
(MDR). These MDR pathogens included Gram-
negative bacteria (non-fermenters and members of 
Enterobacteriaceae), MRSA and S. pneumoniae 
showing resistance to oxacillin, tetracycline and 
erythromycin.  

Multidrug resistant pathogens possess a wide array 
of b-lactamases that hydrolyse and confer 
resistance to penicillins, cephalosporins and 
carbapenems. Other mechanisms of resistance 
include loss of porin proteins and the presence of 
multiple efflux pumps that remove a wide range of 
antibiotics from the bacterial cell (Shahid M et al. 
2009). [41]  

Emergence of extended spectrum beta lactamase 
(ESBLs) in hospital settings are of increasing 
concern. Among the isolates obtained in our study, 
50% of E.coli, 57.7% of klebsiella, 100% of 
Enterobacter spp and Citrobacter were found to be 
ESBL producers. Khelgi A et al., (2017) [42] has 
reported similar results where 60% of Klebsiella, 
50 % of E.coli, 100% in Enterobacter and 
Citrobacter were ESBL producers. Dey et al. [18], 
has also observed ESBL production in 80% of 
E.coli, 100% in klebsiella spp.  

Conclusion: 

The incidence of ventilator associated pneumonia 
was around 40 percent among suspected 
mechanically ventilated patients in intensive care 
units , being predominantly late ventilator 
associated pneumonia and caused mainly by 
multidrug resistant gram negative bacteria, 
Acinetobacter spp and klebsiella spp. Nearly half 
the patients who developed ventilator associated 
pneumonia have taken prior antibiotics which 
though may delay early ventilator associated 
pneumonia but lead to the emergence of late 
ventilator associated pneumonia. The 
microbiological profile generated by this study 
could help in giving guidance for formulating 
empirical therapy for suspected ventilator 
associated pneumonia patients. Moreover, we are 
hopeful that our study will also provide guidance 
for the development of effective hospital infection 
control policy and measures which will help in 
preventing and controlling ventilator associated 
pneumonia.  
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