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Introduction 
Pneumonia is the second most common hospital acquired infection 
in the intensive care unit patients and 86% of which are VAP. 
Ventilator associated pneumonia (VAP ) is defined as Pneumonia 
that occurs 48hrs or more after the initiation of endotracheal 
intubation and mechanical ventilation. (1) 

During the period of prolonged intubation, the oropharynx , 
nasopharynx and dentition of patient becomes colonized with 
microorganisms. ese micro-organisms enter the lower respiratory 
tract via micro- leak in the endotracheal tube cuff and lead to 
Pneumonia.(2) Contaminated nebulizers , ventilation circuits and 
humidifiers can act as the source of micro-organisms for VAP.(3) 

VAP is classified as Early onset and Late onset. Early onset VAP, which 
develops within first four days of mechanical ventilation, is usually 
less severe, caused by antibiotic sensitive organisms and associated 
with better prognosis. Late onset VAP developing at the day of 5 or 
more after the initiation of mechanical ventilation, more likely to be 
caused by multidrug resistant organisms and lead to increased 
morbidity and mortality.(1) Early onset VAP are largely due to 
Staphylococcus aureus, Streptococcus pneumoniae and Haemophilus 
influenzae while organisms responsible for the late onset VAP are 
drug resistant nosocomial pathogens such as Pseudomonas 
aeruginosa, methicillin resistant Staphylococcus aureus, Klebsiella 
species and Acinetobacter baumannii. (3) 

Incidence of Ventilator associated pneumonia ranging from 8%-28% 
in patients receiving mechanical ventilation. (4)e cumulative risk 
of developing VAP is estimated 1%-3% per day of mechanical 
ventilation.(2,5)Incidence of VAP varies depending on the definition, 
the type of ICU or hospital, the study group, hospital resources or 
level of exposure to antibiotics.(2,6) e etiologic agents also differ 
based on duration of hospital stay, prior antimicrobial therapy, 
underlying conditions and intubation of patients in ICU. (7) 
Independent risk factors for VAP are re-intubation, multiple invasive 
lines, immunosupression , enteral feeding via nasogastric tube, 

histamine blockers, antacids, supine head position, paralytic agents 
and sedations.(2) 

e American thoracic society (ATS) guidelines recommended the 
quantitative culture of lower respiratory secretions ETA ( 
endotracheal aspirate), BAL(Broncho-alveolar lavage) or PSB 
(Protected Specimen Brush) collected with or without a broncho-
scope) as the bacteriologic 

strategy to define the presence of pneumonia and the causative 
agent. Number of trials have shown that there is no advantage of 
brochoscopic cultures over ETA culture. So being a noninvasive 
technique endotracheal aspirate culture is a reliable alternative to 
invasive techniques. Detection of causative agent of VAP and 
antibiotic sensitivity pattern of that agent is important in order to 
start the appropriate antibiotic and for better patient prognosis. (4) 
Although microbiology helps in diagnosis but the clinical pulmonary 
infection scoring system helps in diagnosis with better sensitivity 
(72%) and specificity (80%).(8) 

Treatment of VAP which consist of inappropriate antimicrobial 
coverage or delay in therapy associated with higher hospital 
mortality rate. (7)Treatment of colonizing microorganisms result in 
exposure to broad spectrum antibiotics and risk to infection with 
multidrug resistant pathogens.(9)e mortality rate is considerably 
high in VAP and varies from 20-50% and can be as high as 70% when 
infection is caused by multidrug resistant pathogens. (10) 

VAP is preventable and the institute of Healthcare improvement 
developed the 'Ventilator Bundle' to improve the outcome of patients 
receiving mechanical ventilation that consist of elevation of the head 
of the bed to 30�-45� C, daily sedation vacation and daily assessment 
of readiness to extubate , prophylaxis of peptic ulcer disease, and 
deep venous thrombosis .e use of chlorhexidine gluconate 
antiseptic solution is effective in control of ventilator circuit 
colonization, oropharyngeal decontamination, and pneumonia 
caused by multidrug resistant bacteria. Continuous aspiration of 
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subglottic secretions also found to be effective in VAP Prevention 
strategy. (11) 

Inspite of the advances in the techniques of the diagnosis, treatment 
and prevention, it remain the major cause of mortality and morbidity. 
Early and appropriate antimicrobial therapy is the only way to alter 
the outcome once the diagnosis of VAP is established. erefore, the 
incidence of VAP, local microbial flora causing VAP, its antibiotic 
susceptibility pattern and risk factors need to be studied for the 
development of more effective preventive measures and rational 
utilization of antimicrobial agents.

Objectives 
1) To find the incidence of VAP in mechanically ventilated patients in 
intensive care units of a tertiary care hospital. 
2) To find out the microbial causes and antibiotic susceptibility 
pattern associated with VAP. 
3) To find the incidence of multidrug resistant organisms associated 
with VAP. 
4) To determine the risk factor associated with the VAP. 

Materials and methods 
Study design: To determine the incidence, microbial etiology, risk 
factors and role of multidrug resistant pathogens in VAP at this 
center. 
Type of study: Prospective observational study 
Duration:  12 months period from January 2016 - December 2016 

Inclusion criteria: Patients (both adults and paediatrics) on 
ventilator support due to various reasons in intensive care units for 
more than 48 hr of Dr. D.Y Patil Hospital will be included in the study. 

Exclusion criteria: Patients suggestive of pneumonia prior to or 
within 48 hr of mechanical ventilation will be excluded from the 
study. Clinical sample: Endotracheal aspirate will be obtained every 
third day from the patients admitted in intensive care units for more 
than 48 hr after endotracheal intubation and mechanical ventilation. 
Patients will be monitored using clinical and microbiological criteria 
until discharge or death. Sample processing: Endotracheal aspirate 
(≥1ml) will be collected from patients under aseptic precaution and 
sent to the laboratory immediately. e sample will be first 
bacteria/oil immersion field on Gram stain, quantitative EA culture 
showing ≥105 CFU/ml and clinically chronic pulmonary infection 
score (CPIS) > 6 will be considered to diagnose the VAP. (4, 6,7 ,9 ,19) 

For culture all samples will be inoculated on blood agar, MacConkey 
agar and Saboraud's dextrose agar (SDA) plates using standard 
sterilized 4mm nichrome wireloop which holds 0.01ml of ETA. Blood 
and MacConkey agar plates will be incubated at 37ºC and SDA plate 
at room temperature. Growth on blood and MacConkey agar plates 
will be checked after 24 hrs of incubation and for SDA up to one week. 
(7) 

e organisms isolated from the samples will be identified by 
standard methods and the susceptibility of antibiotics will be 
checked by the Kirby-Bauer disk diffusion method according to the 
CLSI guidelines. 

e following information will be collected from the patient included 
in the study: age, gender, underlying illness, duration of hospitaliza-
tion and mechanical ventilation, prior antibiotic treatment. 

Results 
Total 50 patients on ventilator who fulfilled the study's predefined 
inclusion criteria were enrolled in the study. Among them 6 (12%) 
were diagnosed to have VAP by microbiological and clinical criteria 
during their ICU stay and 1(2%) patient have a discrepancy between 
CPIS and microbiological criteria. Total 8 patients were enrolled 
from NICU and 2 (25%) were diagnosed as VAP, 13 from PICU and 1 
(7.69%) identified as VAP, 22 from MICU and 7 from SICU and 2 
(9.09%) and 1 (14.2%) cases respectively diagnosed as VAP .Out of 6 
patients of VAP, 2(33.3%) patients developed early onset VAP and 
4(66.6%) late onset VAP. 

VAP was polymicrobial in 2 (33.3%) patients and monobacterial in 
4(66.6%). Among the 8 isolates, Klebsiella pneumoniae 4 (50%) was 
the most common organism associated with VAP followed by 
Acinetobacter sps. 3(37.5%) and MRSA 1(12.5%). None of the VAP case 
was due to fungal organism. Out of 2 poly microbial cases, one was 
due to Klebsiella pneumoniae and Acinetobacter sps, and the other 
one due to Acinetobacter sps.and MRSA. Out of 7 gram negative 
organisms, 6 (85.7%) were multidrug resistant and ESBL producers, 
resistance percentage of antibiotics of gram negative organisms had 
shown in Table2. Both cases of VAP in neonates were caused by 
K.pneumoniae and sensitivity pattern of both isolates were same 
except discrepancy in amikacin where first isolate is sensitive and 
second is resistant. 

Among 6 VAP patients, 4 (66.6%) were in the pediatric category and 2 
(33.3%) were in the adult category. Neonates accounted for 2 (33.3%) 
among all VAP cases and 2 (50%) among pediatric age group of VAP. 
Mortality rate in VAP patients was found to be 50% as compared to 
(36.3%) in the non-VAP group. Mortality is 100% in the neonatal 
group. Among 6 patients of VAP, 1 is still in ICU with bad prognosis. 
e onset of VAP was more likely to appear during the period of first 
two weeks of mechanical ventilation. e mean duration of 
mechanical ventilation was found to be 14 days for VAP patients. Out 
of these 50 patients, 23 patients were male and 27 were female. In VAP 
patients 4(66.6%) were male and 2(33%) were female showing 
predominance of male patients. Risk factors associated with VAP 
found in this study were low birth weight of neonates, increased 
duration of mechanical ventilation and prior antibiotic treatment in 
2 adult patients.
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36.5-38.4 38.5-38.9 <36 or >39 

Leucocyte 
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4000-11000 <4000 or 
>11000 

<4000 or 
>11000+ band 

forms≥500 
Tracheal 

secretions 
Rare Abundant Abundant+Pur

ulent 
Pao2/Fio2 mm 

Hg 
>240 or ARDS - ≤240 and no 

ARDS 
Chest 

radiograph 
No infiltrate Diffuse 

infiltrate 
Localized 
infiltrate 

Culture of 
tracheal 
aspirate 

Light growth 
or no growth 

Moderate or 
heavy growth 
of pathogenic 

bacteria 

Moderate or 
heavy growth 
of pathogenic 
bacteria and 

presence of the 
same bacteria 
in Gram stain 

Table1 Causative 
organisms of VAP 
Bacterial isolates 

No. of isolates from 
early onset 

No. of isolates from 
Late onset 

K.pneumoniae 2 2 
Acinetobacter sp. 1 2 

MRSA 0 1 
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Discussion 
VAP is an important nosocomial infection in ICU patients receiving 
mechanical ventilation. e incidence of VAP in our study was 12%. 
VAP frequency in different reports varied from 8% and 28 %.(15) 
Joseph NM et al. in their study found the incidence of VAP 18%. (14) In 
a study of Rit K et al, the incidence rate was 20%. (1) In a study of 
Gupta A et al. incidence of VAP was high 28.4 %.(20) In this study 
incidence of early onset VAP was 2(33.3%) and late onset VAP was 
4(66.6%) . Study done by Qureshi S et al showed the percentage of 
47.37% for early onset VAP and 52.63% for late onset VAP.(21) In a 
study of Goel V et al. incidence of early onset VAP was 39.62% and for 
late onset VAP was 60.38% . (4) Increase no. of late onset in this VAP 
associated with the prolonged duration of mechanical ventilation 
which first lead to colonization with organisms and then infection. 

In the present study, Polymicrobial VAP infection was found in 2 
(33.3%) patients and infection due to single bacteria in 4(66.6%). 
Patel A et al. in their study found 53.57% of poly microbial growth and 
46.4% of monomicrobial from total 28 VAP cases. (7) In this study, 
most common organism associated with VAP cases was Klebsiella 
pneumoniae 4 cases (66.66%) followed by Acinetobacter sps.3 cases 
(33.33%) and MRSA 1 case (16.66%). In a study of Patel A et al. 
Klebsiella pneumoniae ,Acinetobacter spps. and Pseudomonas spps. 
were the commonest isolates found in both early and late onset VAP 
cases.(7) Qureshi S et al.found that S.aureus and Enterobacteriaceae 
members were more common in early onset VAP and nonfermenter 

(21) gram negative organisms associated with late onset VAP. 

In the present study, most of the gram negative isolates 6/7 (85.71%) 
were multidrug resistant (MDR) and ESBL producers. In a study of 
Saldana Dominic et al. 52.7% isolates were MDR pathogens and 
Joseph NM et al.found in their study, 78.7% MDR pathogens.(19,14) In 
this study imipenem is the most effective antibiotic against 
K.pneumoniae and for Acinetobacter species susceptibility to 
imipenem and gentamicin is more. From β-Lactam/β-Lactam 
inhibitor combination clavulanic acid is more effective than 
tazobactum for K.pneumoniae and for Acinetobacter species both 

inhibitors are equally effective. Joseph et al. found colistin is highly 
active against Acinetobacter sps. (14) In this study incidence of MDR 
isolates was found high that indicates the need of appropriate 
empirical treatment effective against MDR organisms. Limitation of 
this study was that numbers of isolates were less and need to be 
further confirmed by larger studies. 

Mortality rate in VAP patients was found to be 50% (3/6). Kumar A et 
al found 60% mortality rate associated with VAP while in study of 
Gadhani H et al. mortality rate was 54 %.(5,8). In this study, 8 patients 
were included from NICU and 2(25%) were diagnosed with VAP 
with100% mortality. In the NICU, VAP is also common and found in 
proportions between 6.8% 

and 57.0%. In a Taiwan NICU, out of 528 neonates 11.4% had suffered 
one or more HAIs, with VAP leading in 18.6 %.(16) Risk factor 
associated with both the neonates found in this study was their low 
birth weight. e main risk factors in neonates are low birth weight 
(hazard ratio [HR], 1.37; CI, 1.0-1.9]) and mechanical ventilation (HR, 
9.7; CI, 4.6-20.4) (16) .e immunity mechanisms are also not well 
developed in case of neonates and lead to high risk to infection. 

In VAP patients 4(66.6%) were male and 2(33%) were female showing 
predominance of male patients like other studies. In a study of Goel V 
et al. they found 30.9% of female patients and 69.81% were male. (4)

Conclusion 
VAP is increasingly found to be associated with multi-drug resistant 
organisms that explain the high rate of colonization due to these 
pathogens. Hence the susceptibility pattern of local microbial 
isolates guides the clinician to choose the appropriate empirical 
therapy. It reduces the colonization and also leading to better 
outcome of patient with less morbidity and mortality. To reduce the 
incidence, more efforts also required to increase the knowledge in 
medical and paramedical staff regarding its prevention like nursing 
care and judicious use of broad spectrum antibiotics with good 
infection control practices. 

References 
Rit K, Chakraborty B, SahaR, Majumder U. Ventilator associated pneumonia in a 
tertiary care hospital in India: Incidence, etiology risk factors, risk of multidrug 
resistant pathogens. Int J Med Public Health 2014;4: 51-6. 
Ranjit S, Bhattarai B. Incidence and Risk factors for Ventilator-Associsted Pneumonia 
in Kathmandu University Hospital. Kathmandu Univ Med J 2011;33: 28-31. 
Hunter JD. Ventilator associated Pneumonia. Postgrad Med J. 2006;82: 172-8. 
Goel V, Hogade SA, Karadesai SG. Ventilator associated pneumonia in a medical 
intensive care unit: Microbial aetiology, susceptibility patterns of isolated 
microorganisms and outcome. Indian J Anaesth 2012;56: 558-62. 
Kumar A, Ghauri M I,Razzaque S, Jamali A, Mohammad JS.Ventilator associated 
Pneumonia; Prevalence and Microbial Patterns. Pak J Chest Med 2014;2:1-8. 
Joseph NM, Sistla S, Dutta TK, Badhe AS, Parija CS. Ventilator associated Pneumonia 
in a tertiary care hospital in India: Incidence and risk factors. J Infect Dev Ctries 2009; 3: 
771-7. 
Patel A, Lakhani S, Khara R. Microbiological profile of Ventilator associated 
Pneumonia at ICU of rural based teaching hospital. Int J Biol Med Res 2014;5: 4002-6. 
Gadani H, Vyas A, Kar AK. A study of ventilator associated pneumonia: Incidence, 
outcome, risk factors and measures to be taken for prevention. Indian J Anaesth 
2010:54:535-40. 
Joseph NM, Sistla S, Dutta TK, Badhe AS, Parija CS.Ventilator associated Pneumonia: 
role of colonizers and value of routine endotracheal aspirate cultures.International 
Journal of Infectious Diseases 2010;723-9. 
Rea-Neto A,M youssef NC, Tuche F, Brunkhorst F, Ranieri VM, Reinhart K et. al. 
Diagnosis of Ventilator associated Pneumonia: a systemic review of the literature. 
Critical Care 2008;12:1-14. 
Wip C and Napolitano L.Bundles to prevent ventilator assosciated pneumonia: how 
valuable are they? Current opinion in infectious disease 2009;22: 159-66. 
Plazzo SJ, Simpson T, Schnapp L. Biomarkers for Ventilator Associated Pneumonia: 
Review of the Literature. Heart Lung 2011; 40:293-8. 
Restrepo MI, Anzueto A, Arroliga AC, Afessa B,Atkinson MJ, Schinner R et al.. Ecnomic 
burden of Ventilator associated Pneumonia based on total resourse utilization.Infect 
control Hosp Epidemiol 2010;31: 509-15. 
Joseph NM, Sistla S, Dutta TK, Badhe AS, Rasitha D, Parija CS. Ventilator associated 
Pneumonia in a tertiary care hospital in India: role of multidrug resistant poathogens. 
J Infect Dev Ctries 2010;4;218-25. 
Chastre J, Fagon JY. Ventilator associated pneumonia. Am Respir Crit Care Med 
2002;165:867-903. 
Aelami MH, Lotfi M, Zingg W.Ventilator associated pneumonia in neonates, infants 
and children. Antimicrobial resistance and infection control 2 2014; 1-10. 
Koeing SM, Truwit JD. Ventilator associated pneumonia: Diagnosis, treatment and 
prevention.Clin Microbiol Rev.2006;19(4):637-57. 

Table 2 Antibiotic 
resistant pattern 
in gram negatives 
Pathogens (no. of 

isolates) 

                            
Antibiotics 

Resistance no.(%) 

K.pneumoniae(4) Amikacin 2(50%) 
Gentamicin 4(100%) 
Imipenem 0(0%) 
Ampicillin 4(100%) 

Chloramphenicol 1(25%) 
Cotrimoxazole 4(100%) 

Ceftazidime 4(100%) 
Ceftazidime-

clavulanic acid 
0(0%) 

Ceftazidime- 
tazobactum 

2(50%) 

Cefoxitin 4(100%) 
Acinetobacter 

sps.(3) 
Amikacin 2(66.6%) 

Gentamicin 1(33.3%) 
Imipenem 1(33.3%) 
Ampicillin 3(100%) 

Ceftazidime 2(66.6%) 
Ceftazidime- 

clavulanic acid
0(0%) 

Ceftazidime-
tazobactum

0(0%) 

Cefoxitin 3(100%) 
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