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INTRODUCTION
Healthcare associated infections (HAI) are the most common to threat 
to patient safety. These infections detrimentally add to morbidity, 
mortality, healthcare cost and length of hospital stay. For the purpose 
of surveillance in a healthcare setting, the Center for Disease 
Prevention and Control (CDC) National Health Surveillance Network 
(NHSN) denes HAI as 'a localized or systemic condition resulting 
from an adverse reaction to the presence of an infectious agent(s) or its 
toxin(s). There must be no evidence that the infection was present or 

1incubating at the time of admission to the acute care setting'.

HAI can be caused by variety of pathogens that may be either 
endogenous or exogenous in origin. Catheter associated urinary tract 
infection (CAUTI), central line associated blood stream infection 
(CLABSI), ventilator associated pneumonia (VAP) and surgical site 
infection (SSI) is common HAI. Among various types of HAI, VAP is 

2 associated with high mortality rates (24-76%).

VAP is the most common ICU acquired pneumonia that is reported to 
3occur in nearly 9-27% of patients on mechanical ventilator.  Aetiology 

of VAP include Gram negative bacteria like Acinetobacter baumannii, 
Pseudomonas aeruginosa, Klebsiella pneumonia and Escherichia coli, 

5and Gram positive cocci like Staphylococcus aureus.  Researchers 
have reported that aetiology of VAP varies greatly as per geographical 

6area, duration of mechanical ventilation, and onset (early/late) of VAP.  
As compared to community acquired infections, bacteria causing HAI 
are signicantly multi drug resistant (MDR), making the treatment 

7more complicated.  Therefore it is highly essential to know the pattern 
of pathogens associated with VAP along with antimicrobial 
susceptibility prole for rationalising the antimicrobial therapy for 
improved clinical outcome of the patient. The present study attempts to 
determine the bacteriological prole and its antimicrobial 
susceptibility pattern of VAP.

MATERIAL AND METHODS
This prospective study with descriptive cross-sectional study design 
was conducted in the Department of Microbiology in collaboration 
with medical and surgical ICU s for a period of 21 months (October 
2019 – June 2021). The protocol of the study was approved by 
Institutional Ethics Committee. The study included a total of 100 adult 
patients (≥ 18 years) with mechanical ventilator for >48 hrs. The 
inclusion and exclusion criteria of the study were as follows.

Inclusion Criteria
Ÿ Adult patients (≥ 18 years) of both sexes.

Ÿ On mechanical ventilation for >48 hours
Ÿ Radiological, haematological and clinical parameters indicative of 

VAP
Ÿ Tracheostomised patients with suspected VAP.
Ÿ Extubated patients with suspected VAP.
Exclusion Criteria
Ÿ Patients < 18 years of age
Ÿ Known case of pulmonary tuberculosis.
Ÿ Patients with pneumonia prior to mechanical ventilation or <48 

hours of mechanical ventilation.
Ÿ Patients with other causes of radiological inltrates like 

pulmonary embolism, pulmonary haemorrhage, atelectasis, 
congestive heart failure and adult respiratory distress syndrome

Ÿ Patients with severe immunocompromised conditions like AIDS, 
organ transplant, terminal stages of malignancy.

Endotracheal aspirate (ETA) obtained from these patients were 
aseptically collected from these patients and sent to laboratory. These 
ETA samples were subjected to Gram staining and culture. 

For isolation, identication and categorization of pathogens, the ETA 
samples were rst diluted with sterile normal saline 1/10, 1/100, 
1/1,000 times. A concentration of 0.01 ml of these dilutions was then 
aseptically inoculated onto the culture media like 5% sheep blood agar, 
nutrient agar, Macconkey agar and chocolate agar. 

Upon inoculation, the culture plates were incubated at 37°C for 24-48 
hours.  After incubation the colony count was made number of colony 
forming units per ml (CFU/ml) was estimated. Growth of any 

5organism ≥10  CFU/ ml was considered as signicant whereas growth 
5 8, 9≤10  CFU/ ml was considered as colonization or contamination.   The 

organism was identied as per standard microbiological protocol 
including colony characteristics, Gram nature, motility and 
biochemical reactions. 

Gram-stained smears of ETA were observed for the presence of 
squamous cells, polymorph nuclear cells, and organisms. Upon Gram 
staining, ETA samples showing >10 PMNs / high power eld, ≥ 1 
bacterium / oil immersion eld, and presence of intracellular bacterial 
inclusions were considered as indicative of VAP whereas samples 
showing squamous epithelial cells >10/ low power eld and no 
organism / oil immersion eld.

The antimicrobial susceptibility prole of the isolates was performed 
by Kirby-Bauer disc diffusion method  on Mueller Hinton agar and 
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13(68.42%) pathogens were MDR.  Mechanically ventilated patients are at high risk of developing ventilator associated pneumonia  Conclusion:
(VAP), as 29% of patients developed VAP in this study. Late onset VAP is more common than early onset VAP. Acinetobacter baumannii is the 
commonest isolate from VAP cases. There is great variation antimicrobial susceptibility pattern of isolates from late onset VAP and early onset 
VAP. Hence it is necessary to understand the bacteriological prole and their susceptibility for designing the guidelines for prophylaxis and 
treatment of VAP cases.
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interpreted  as per the Clinical and laboratory Standards Institute 
(CLSI) 2020 guidelines. 

Patient's demographic characteristics (age, sex), relevant clinical 
features (date of admission, date of intubation/tracheostomy, clinical 
diagnosis, underlying diseases, duration of mechanical ventilation, 
prior antibiotic therapy, etc.), medical history (chief complaint, past 
history, general examination, systemic examination), assessment of 
level of consciousness, risk factors (e.g. presence of nasogastric tube, 
enteral nutrition, antacid or histamine type 2 i.e. H2 blocker therapy) 
and radiological and pathological investigations (Chest x-ray, CT scan, 
WBC count) were recorded and analysed.  The clinical condition of the 
patients was followed up from the time of inclusion in the study to the 
date of discharge from hospital or death. 

®The data obtained from the study was entered in the Microsoft  Excel 
spreadsheet program. Statistical analysis was performed by SPSS 
version 20.0, IBM, USA.

RESULTS
A total of 10 patients were grouped into 5 groups as per their age. 28% 
of patients included in the study belonged to age group >60 years 
(Figure 1).  Male patients (65%) predominated over females (35%)

Figure 1. Age Wise Distribution of Patients.

The clinical spectrum of the patients was wide and included cases of 
neurological disorders (20%), poisoning (18%), sepsis (16%), central 
nervous system infections (13%), intra-abdominal diseases, (13%), 
cardiovascular diseases (10%), and head injury (8%). 

Radiological diagnosis showed that 42% of patients had diffuse chest 
inltration whereas 26% had localised chest inltration. There was no 
evidence of chest inltration in 32% of patients. A total of 89% of 
patients were intubated whereas tracheostomy was performed in 11% 
of patients. In 29 % the clinical pulmonary infection score (CPIS) was 
>6 and hence these patients were diagnosed as conrmed cases of VAP.

Conrmed VAP cases were common in age group 18-30 years (8%) 
age, followed by 41-50 years (7%) and 51-60 years (5%). Age group 
31-40 years had 4 cases whereas remaining 5 belonged to age group 
>60 years. Out of 29 conrmed VAP cases, 19 (65%) were females 
whereas 10 (35%) were males. 

A total of 19 (65.5%) patients had late onset VAP whereas 10 (34.5%) 
had early onset VAP. A total of 9 (31.1%) patients succumbed to the 
condition, 12 (41.4%) were treated and discharged from the facility 
whereas 8 (27.6%) opted for discharge against medical advice 
(DAMA). Presence of nasogastric tube, impaired consciousness and 
reintubation were common risk factors noted in conrmed cases of 
VAP (Figure 2).

Figure 2. Risk Factors in Confirmed VAP Cases

As shown in table 1, Nil fermenters like Acinetobacter baumannii and 
Pseudomonas aeruginosa followed by Enterobacterals like Klebsiella 
pneumoniae and E. coli were common bacterial pathogens isolated 
from VAP cases.  In the present Citrobacter freundii was not isolated 
from cases with late onset VAP. 

Table 2. Bacteriological Profile of VAP. 

The bacteriological prole and antimicrobial susceptibility prole of 
early onset VAP is summarized in table 3. Citrobacter freundii was 
isolated only from cases of early onset VAP.  All bacterial pathogens 
isolated from early onset VAP were susceptible to ceftazidime. 

Table 3. Bacteriological Profile and Antimicrobial Susceptibility 
Profile of Early Onset VAP.

Amp = Ampicillin, P = Penicillin, PIT = Piperacillin-Tazobactam, AK 
= Amikacin, CIP = Ciprooxacin, CTX = Cefotaxime, CAZ = 
Ceftazidime, MRP = Meropenem, PB = Polymyxin B, TGC = 
Tigecycline, GEN = Gentamycin, TOB = Tobramycin, VA = 
Vancomycin, LZ = Linezolid, TEI = Teicoplanin, AZ = Azithromycin,
CX = Cefoxitin, CD = Clindamycin, E = Erythromycin.

Table 4, Summarizes the Bacteriological Profile and Antimicrobial 
Susceptibility Profile of Late Onset VAP. As Compared to Early 
Onset VAP, the Isolates from Late Onset VAP Showed High 
Resistance to Ceftazidime
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Organisms Total (%)
Acinetobacter baumannii 7 (24.1)
Pseudomonas aeruginosa 5 (17.2)
Klebsiella pneumoniae 5 (17.2)
E. Coli 4 (13.8)
Staphylococcus aureus  4 (13.8)
Coagulase negative Staphylococci (CoNS) 2 (6.9%)
Citrobacter freundii 2 (6.9)
Total 29

Anti-
micro-
bial 
agent

Acineto-
bacter 
bau-
mannii
(n=3)

Pseudo-
monas 
aeru-
ginosa 
(n=2)

Kleb-
siella 
pneu-
moniae
(n=1)

Citro-
bacter 
freundii 
(n=2)

E. coli
(n=1)

S. 
aureus
(n=1)

Amp 0(0%) 0(0%) 0(0%) 1(50%) 1(100%) -
PIT 2(66%) 1(50%) 1(100%) 1(50%) 0(0%) -
AK 2(66%) 1(50%) 1(100%) 1(50%) 0(0%) -
CIP 2(66%) 2(100%) 1(100%) 1(50%) 1(100%) 1(100%)
CTX 2(66%) 1(50%) 1(100%) 1(50%) 0(0%) -
CAZ 3(100%) 2(100%) 1(100%) 2(100%) 0(0%) -
MRP 1(33%) 1(50%) 0(0%) 0(0%) 0(0%) -
PB 3 (100%) 2 (100%) 1 (100%) 2 (100%) 1(100%) -
TGC 1(33%) 1(50%) 1(100%) 1(50%) 1(100%) 0(0%)
GEN 2(66%) 1(50%) 1(100%) 1(50%) 0(0%) -
TOB 2(66%) 1(50%) 1(100%) 1(50%) 0(0%) -
COT - - - - - 0(0%)
VA - - - - - 0(0%)
LZ - - - - - 0(0%)
AZ - - - - - 0(0%)
CX - - - - - 0(0%)
TEI - - - - - 0(0%)
E - - - - - 1(100%)
CD - - - - - 1(100%)
P - - - - - 1(100%)
TE - - - - - 0(0%)

Anti-
micro-
bial 
agent

Acineto-
bacter 
bau-
mannii
(n=4)

Pseudo-
monas 
aerugino
sa 
(n=3)

Kleb-
siella 
pneu-
moniae
(n=4)

E. coli
(n=3)

S. 
aureus
(n = 3)

CoNS
(n = 2)

Amp 0(0%) 0(0%) 2(50%) 2(66%) - -
PIT 2(50%) 2(66%) 2(50%) 1(33%) - -
AK 2 (50%) 1(33%) 3(75%) 1(33%) - -
CIP 3(75%) 2(66%) 4(100%) 3(100%) 3(100%) 0(0%)
CTX 3(75%) 2(66%) 3(75%) 2(66%) - -
CAZ 3(75%) 2(66%) 3(75%) 2(66%) - -
MRP 1(25%) 1(33%) 2(50%) 1(33%) - -
PB 4 (100%) 3 (100%) 4 (100%) 3 (100%) - -
TGC 2(50%) 1(33%) 2(50%) 2(66%) 0(0%) 0(0%)
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Amp = Ampicillin, P = Penicillin, PIT = Piperacillin-Tazobactam, AK 
= Amikacin, CIP = Ciprooxacin, CTX = Cefotaxime, CAZ = 
Ceftazidime, MRP = Meropenem, PB = Polymyxin B, TGC = 
Tigecycline, GEN = Gentamycin, TOB = Tobramycin, VA = 
Vancomycin, LZ = Linezolid, TEI = Teicoplanin, AZ = Azithromycin,
CX = Cefoxitin, CD = Clindamycin, E = Erythromycin.

DISCUSSION
VAP, a type of HAI that involves the lung parenchyma, occurs after 48 

9 hrs of tracheal intubation and mechanical ventilation.  It is reported in 
approximately 20–36% of critically ill patients and the rate of 
incidence across the world is known to vary between 2 to 16 
episodes/1000 ventilator days. Incidences rates are inuenced by 
several factors including diagnostic criteria, compliance with care 
bundles and other infection prevention and control policies, patient 

10 population and geographical location. 

The principal factor for the pathogenesis of VAP is reported to be due to 
aspiration of oropharyngeal pathogens and the leakage of secretions 
containing bacteria around the endotracheal tube. The bacteriological 
approach for the management of VAP avoids the problem of over 
treatment by separating colonizers from infecting pathogens. 
Quantitative cultures of endotracheal aspirate or bronchoalveolar 
lavage is recommended by the American Thoracic Society for 

11conrmation of VAP.

When bacteriological prole of conrmed VAP cases was studied it 
was noted that majority of cases are associated with gram negative 
organisms. This observation is accordance to that of Chawla et al who 
reported that 87% of patients with VAP were infected with gram 

12negative bacilli . 

Among the Gram-negative bacilli, non-fermenters are the 
predominant pathogens causing VAP in our ICU. In this study the most 
frequently isolated organisms in VAP patients were Acinetobacter 
baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae, E. coli 

13and S. aureus.  Similar result found in the study by Craven et al.  

The common organisms causing early onset VAP are Acinetobacter 
baumanii (10.34%), Pseudomonas aeruginosa (6.90%), Citrobacter 
freundii (6.90%), Klebsiella pneumoniae (3.45%), E.coli (3.45%) and 
Methicillin Sensitive Staphylococcus aureus (3.45%). Similar result is 
found in the study by Dey et al from Manipal where the commonest 
organism causing both early and late onset VAP was Acinetobacter 

14species (48.94%) followed by P. aeruginosa (25.53%) 

In case of the late onset VAP organisms are Acinetobacter baumannii 
(13.79%), Pseudomonas aeruginosa (10.34%), Klebsiella pneumoniae 
(13.79%), E. coli (10.34%), Methicillin Resistant Staphylococcus 
aureus (10.34%), and Methicillin Resistant Coagulase Negative 
Staphycoccus (6.90%). Most common isolate in my study is 
Acinetobacter baumanii followed by Pseudomonas aeruginosa. Other 

15, 16, 17studies showed similar ndings. 

Antimicrobial susceptibility testing reected a vast variation in 
susceptibility prole of isolates from late and early onset od VAP. 
62.07% of these VAP pathogens were resistant to commonly used 
drugs. In early onset VAP 5(50%) pathogens were MDR and in late 
onset VAP 13(68.42%) pathogens were MDR. This study is in contrast 
with a study conducted by Joseph et al where 78.7% of VAP pathogens 

18 were multi drug resistant.  

CONCLUSION
Mechanically ventilated patients are at high risk of developing 
ventilator associated pneumonia (VAP), as 29% of patients developed 

VAP in this study. Late onset VAP is more common than early onset 
VAP. Acinetbacter baumannii is the commonest isolate from VAP 
cases. There is great variation antimicrobial susceptibility pattern of 
isolates from late onset VAP and early onset VAP. Hence it is necessary 
to understand the bacteriological prole and their susceptibility for 
designing the guidelines for prophylaxis and treatment of VAP cases.
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GEN 2(50%) 1(33%) 3(75%) 1(33%) 1(33%) 0(0%)
TOB 2(50%) 1(33%) 3(75%) 1(33%) - -
COT - - - - 3(100%) 0(0%)
VA - - - - 0(0%) 0(0%)
LZ - - - - 0(0%) 0(0%)
AZ - - - - 2(66%) 1(50%)
CX - - - - 3(100) 2(100)
TEI - - - - 0(0%) 0(0%)
E - - - - 3(100%) 2(100%)
CD - - - - 3(100%) 2(100%)
P - - - - 3(100%) 2(100%)
TE - - - - 2(66) 0(0%)
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