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ABSTRACT Introduction: Eighty-six percent of nosocomial pneumonias are associated with mechanical ventilation (MV). It is 
commonest complication in ICU patients reported at the rate of 1-3% per day of MV in tertiary care hospitals. In spite 

of the advances in the diagnosis, treatment and prevention, it continues to be a major cause of morbidity and mortality among critically ill 
patients. Objectives: To isolate bacterial pathogens causing VAP and determine their antimicrobial susceptibility. Materials and Methods:  A 
prospective study was conducted in the Department of Microbiology, Government Medical College & Hospital, Amritsar over a period of one 
and a half year for patients admitted in ICU who required mechanical ventilation and who fulfilled both clinical and microbiological criteria 
for VAP. The respiratory specimens were collected under aseptic conditions and transported immediately to the laboratory and processed in 
the Microbiology laboratory by standard microbiological procedures. All the isolates were further identified by biochemical tests and their 
antimicrobial susceptibility was determined. Results: Out of total patients, the most common organisms isolated were Acinetobacter spp 
(33.33%) and Pseudomonas spp (30.23%) followed by Staphylococcus spp (13.95%) Klebsiella spp (11.62%), Escherichia coli (6.20%), CONS 
(3.10%) and Citrobacter spp (1.55%). Conclusions: Mechanical Ventilation is a life saving intervention, it has its own potential complications. 
Early, accurate diagnosis is, therefore, fundamental in patients with VAP.
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INTRODUCTION: 
Ventilator associated pneumonia (VAP) has been defined as 
bacterial pneumonias developing in patients after atleast 48 
hours of mechanical ventilation and not at the time of intu-
bation or admission to the hospital1. It is associated with in-
creased morbidity, mortality and costs and mortality rate for 
VAP ranges from 24 to 50% and can reach 76% in some specific 
settings or when lung infection is caused by high risk patho-
gens2. Despite major advances in techniques for the manage-
ment of ventilator dependent patients and the routine use of 
effective procedures to disinfect respiratory equipments, VAP 
continues to complicate the course of 8 to 28% of the patients 
receiving mechanical ventilation. Rates of pneumonia are con-
siderably higher among patients hospitalized in intensive care 
units compared with those in hospital wards and risk of pneu-
monia is increased 3-10 fold for the intubated patient receiving 
mechanical ventilation. 

Most of the organisms responsible for VAP are rapidly develop-
ing resistance to the majority of the antimicrobials including 
aminoglycosides, fluoroquinolones and cephalosporins which 
was once considered as the drug of choice.  Extended-spectrum 
beta lactamases (ESBLs) and Amp C beta lactamases are of in-
creasing clinical concern in these patients and are most com-
monly produced by the members of family enterobacteriaceae. 
Acquisition of plasmid mediated metallo beta lactamases active 
against carbapenems have been reported in Pseudomonas aer-
uginosa and Acinetobacter spp3. 

Delayed diagnosis and subsequent delay in initiating appropri-
ate therapy may be associated with worse outcomes in patients 
with VAP. On the other hand, an incorrect diagnosis may lead to 
unnecessary treatment and subsequent complications related to 
therapy. Early, accurate diagnosis is, therefore, fundamental in 
the management of patients with VAP. 

MATERIAL AND METHODS: 
A prospective study was conducted in the Department of Mi-
crobiology, Government Medical College & Hospital, Amritsar 
for patients admitted in ICU for a period of one and a half years 

who required mechanical ventilation and who fulfilled both clin-
ical and microbiological criteria were considered to be suffering 
from VAP. The respiratory specimens included Endotracheal se-
cretions and were collected under aseptic conditions and trans-
ported immediately to the laboratory and processed in the Mi-
crobiology laboratory by standard microbiological procedures. 
All the isolates were further identified by biochemical tests and 
other additional standard microbiological laboratory techniques. 

INCLUSION CRITERIA: Patients on ventilator support for > 48 
hours and New or progressive and persistent infilterate on chest 
radiograph.

Two of three of the following: Alteration in thermoregulation < 
36° or >38°C, Leucocytosis (> 10,000) or Leucopenia (< 4000 per 
mm3), Purulent tracheobronchial secretions.

A total of 386 patients who were on mechanical ventilation for 
more than 48 hours admitted in Intensive Care Unit were ob-
served and among them only 196 patients were included in the 
study on the basis of inclusion criteria. All the patients were 
monitored for the development of Ventilator-associated pneu-
monia using clinical and microbiological criteria. A clinical 
suspicion of VAP was made in patients with a modified Clinical 
Pulmonary Infection Score>6. Gram’s staining and semiquantita-
tive culture of tracheal aspirates was performed. The bacterial 
pathogens were isolated from the specimen and their antimicro-
bial susceptibility pattern was determined. The observations and 
data obtained from the study were compiled and analyzed. All 
the results were depicted in the tables and graphs.

OBSERVATIONS AND RESULTS: 
In the present study of clinically suspected cases of VAP, 
(64.80%) were males and (35.20%) were females. The male: fe-
male ratio was 1.84:1. Most cases of VAP were of late onset 
(72.96%) as compared to (27.04%) cases which were of early on-
set. Out of total specimens, (65.82%) samples were culture posi-
tive and (34.18%) had no growth of pyogenic organism after 24 
hours of incubation. Out of all culture positive samples (82.95%) 
were gram negative organisms and (17.05%) were gram positive.
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TABLE 1:

RISKFACTORS/ COMORBIDITIES NO. OF 
CASES PERCENTAGE (%)

Prior antibiotics (<2weeks) 127 64.80
Prior hospitalisation (<2 weeks) 044 22.45
Aspiration 035 17.86
Enteral nutrition 028 14.28
Supine position 024 12.25
Reintubation 018 09.18
Immunosupression 010 05.10

TABLE 2
TABLE SHOWING TYPE OF BACTERIA ISOLATED
NAME OF ORGANISM PERCENTAGE (%)
Acinetobacter baumanii 33.33
Pseudomonas aeruginosa 30.23
Klebsiella pneumonia 11.62
Escherichia coli 06.20
Citrobacter spp 01.55
Staphylococcus aureus 13.95
Coagulase negative Staphylococcus (CONS) 03.10

TABLE 3: ANTIMICROBIAL SUSCEPTIBILITY PATTERN OF GRAM POSITIVE ISOLATES
Organisms Sensitivity A Ak G CF Cs CN A-CLAV E LZ Va
S. aureus S 07 (38.89%) 12 (66.67%) 08 (44.44%) 08 (44.44%) 06 (33.33%) 17 (94.44%) 16 (88.89%) 07 (38.89%) 18 (100%) 18 (100%)
CONS S 01 (25.00%) 03 (75.00%) 01 (25.00%) 02 (50.00%) 01 (25.00%) 04 (100%) 04 (100%) 02 (50.00%) 04 (100%) 04 (100%)

A-Ampicillin, Ak-Amikacin, G-Gentamicin, CF-Ciprofloxacin, Cs-Cephalaxin, CN-Cefoxitin,  A-clav-Amoxycillin Clavulanate, E- Eryth-
romycin, Lz- Linezolid, Va- Vancomycin

TABLE 4: ANTIMICROBIAL SUSCEPTIBILITY PATTERN OF GRAM NEGATIVE ISOLATES
Organisms Sensitivity Ak G CF CZ CPZ PCTZ SbCZ IMP
Acinetobacter 
baumanii S 23 (53.49%) 15 (34.88%) 11 (25.58%) 23 (53.49%) 21 (48.84%) 38 (88.37%) 38 (88.37%) 41 (95.35%)

Pseudomonas 
aeruginosa S 20 (51.28%) 15 (38.46%) 17 (43.59%) 24 (61.54%) 26 (66.67%) 35 (89.74%) 36 (92.31%) 38 (97.44%)

Klebsiella pneu-
monia S 12 (80.00%) 08 (53.33%) 08 (53.33%) 12 (80.00%) 11 (73.33%) 13 (86.67%) 14 (93.33%) 15 (100.00%)

Escherichia coli S 05 (62.50%) 03 (37.50%) 03 (37.50%) 06 (75.00%) 07 (87.50%) 07 (87.50%) 07 (87.50%) 08 (100.00%)
Citrobacter spp S 02 (100.00%) 00 01 (50.00%) 01 (50.00%) 01 (50.00%) 02(100.00%) 02 (100.00%) 02 (100.00%)

Ak-Amikacin, G-Gentamicin, CF-Ciprofloxacin, CZ-Ceftazidime, CPZ-Cefoperazone, PCTZ-Piperacillin Tazobactam, SbCZ- Ceftizidime 
Sulbactam, Imp-Imipenem

DISCUSSION:
In our study the rate of VAP was 47.16 per 1000 ventilator days 
which is concordant with the study done by Elatrous et al who 
conducted a 1 year cohort survey on 73 consecutive mechanical-
ly ventilated patients exceeding 48 hours; it was found that VAP 
developed in 38% of cases, yielding an incidence of 46 per 1000 
ventilator days4. Another study done by Guimaraes et al on 278 
patients who received ventilation for more than 48 hours, VAP 
developed in 106 (38.1%) patients and the VAP rate was found to 
be 35.7 per 1000 ventilator days5.

In our study the most common risk factor associated with the 
development of VAP was prior use of antibiotics (64.80%) fol-
lowed by aspiration (17.86%), enteral nutrition (14.28%) and su-
pine position (12.25%) (Table 1) which is similar to study done 
by Rajashekhar et al, who found that prior use of antibiotics 
(72.7%) was the most common risk factor found to be associated 
with VAP6. Other risk factors in his study were reintubation, du-
ration of mechanical ventilation, surgery, nasogastric tube, tra-
cheostomy, stress ulcer prophylaxis, IV sedation. It is now well 
known that prior use of broad spectrum antibiotics is responsi-
ble not only for VAP but also for the emergence of drug resist-
ance. This affirms that preventive measures should be taken to 
reduce the risk factors associated with VAP. We also observed 
higher incidence of VAP in patients receiving prior antibiotics. 

In our study, various comorbid factors were reintubation (9.18%) 
and conditions like steroid therapy which lead to immunosu-
pression (5.10%) (Table1). In a prospective study by Gupta et al, 
it was found that patients who developed VAP had associated 
co-morbid conditions like diabetes mellitus (4.9%), hypertension 
(5.9%), ischaemic heart disease (2%), smoking (5.4%), alcohol 
(10.8%), pregnancy (6.9%)7. The comorbid conditions play a ma-
jor role in development of complications in patients admitted in 
ICU.

In our study among gram negative bacteria, Acinetobacter bau-
mannii (33.33%) and Pseudomonas aeruginosa (30.23%) were 
found to be predominant followed byKlebsiella pneumoniae 

(11.62%), Escherichia coli (6.20%) and Citrobacterspp(1.55%) (Ta-
ble 2) which is concordant with a study done  by Singhal R and 
associates in 2005 who also reported among gram negative bac-
teria, commonest isolate was Acinetobacter spp (44.8%) followed 
by Pseudomonas spp (40.1%). Other isolates were Klebsiella pneu-
moniae(5.7%), Escherichia coli (4.2%), Citrobacter spp (2.1%), En-
terobacter spp (1.6%) and 1 isolate of Serratia marcesans8.

In our study,among gram positive organisms,Staphylococcus 
aureus (13.95%) was the most common isolate followed by Co-
agulase negative Staphylococcus (3.10%) (Table 2). In a similar 
studygram positive cocci accounted for 45.3%, out of which 
Streptococcus spp were commonest (13.5%) followed by Methicil-
lin resistant Staphylococcus aureus (MRSA) (13.1%), Methicillin 
sensitive Staphylococcus aureus (MSSA) (8.2%), Enterococcus spp 
(2%). The varying pattern of organisms emphasizes the impor-
tance of studying the pattern of infection in every setting.

In our study, all the isolates of Acinetobacter baumannii 
showed highest susceptibility to Imipenem (95.35%) followed 
by Piperacillin/Tazobactam (88.37%) and Ceftazidime/Sulbac-
tam (88.37%). Maximum resistance was seen to Ciprofloxacin 
(74.42%) followed by Gentamicin (65.12 %), Amikacin (46.51%) 
and Ceftazidime (46.51%) (Table 3).The antimicrobial suscep-
tibility pattern of our study was in concordance with the study 
done by Shete et al in which Acinetobacter sppshowed the maxi-
mum resistance against third and fourth generation cephalo-
sporins, fluoroquinolones and aminogylcosides9. 

In our study Pseudomonas aeruginosa showed maximum sen-
sitivity to Imipenem (97.44%) followed by Ceftazidime/Sulbac-
tam (92.31%) and Piperacillin/Tazobactam (89.74%). Similar re-
sults were quoted in a study done by Agarwal et al who showed 
that Pseudomonas aeruginosa was highly sensitive to Imipenem 
(91.95%)78. In another study done by Javiya et al Pseudomonas aer-
uginosa was highly sensitive to Imipenem (78.57%) and remark-
ably resistant to other group of antibiotics i.e 67.86% for third gen-
eration Cephalosporins and 58-62% for Cephalosporins10.
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In our study among gram positive isolates,Staphylococcus aureus 
was the most common followed by Coagulase negative staphylo-
coccus. All the isolates showed maximum sensitivity to Vanco-
mycin and Linezolid (100% each). MRSA was isolated in 5.56% of 
the cases (Table 4). In a prospective study by Joseph et al, Staph-
ylococcus aureus was the only Gram positive organism isolated 
among patients with VAP while MRSA accounted for 42.9% of 
Staphylococcus isolates11.

In spite of preventive methods, VAP presents a challenge when 
selecting antibiotic coverage. VAP is associated with an attribut-
able increase in morbidity and mortality. The mortality attribut-
able to VAP is difficult to quantify as it is influenced by many 
different factors including type of infecting organism, underlying 
comorbidity, severity of host response and timing of onset. Its 
development prolongs patient’s stay in the ICU. Despite their po-
tential preventability, VAP still impose a substantial burden on 
critically ill patients.

CONCLUSION:
Use of mechanical ventilators has increased many folds in recent 
times. Though a life saving intervention, it has its own potential 
complications. The incidence of VAP-attributable mortality is 
difficult to quantify due to the possible confounding effect of as-
sociated conditions, but VAP is thought to increase the mortality 
of the underlying disease by about 30%. Delayed diagnosis and 
subsequent delay in initiating appropriate therapy may be asso-
ciated with worse outcomes in patients with VAP. On the other 
hand, an incorrect diagnosis may lead to unnecessary treatment 
and subsequent complications related to therapy.  Proper disin-
fection of ventilators and other instruments is required to pre-
vent it. 

REFERENCES
1.	 	 Marrie TJ, Campbell GD, Walker DH, Low DE. Pneumonia.  In:Harrison’s Prin-

ciples  Of Internal Medicine Vol II Eds: Kasper, Braunwald, Fauci, Hauser, Lon-

go,  Jameson. Mc Graw Hill. United States of America; 16th edition. 2005; 1528 

– 41.

2.	 	 Chastre J, Fagon JY. Ventilator associated pneumonia. Am J Respir Crit Care 

Med 2002; 165:867-903.

3.	 	 Werarak P, Kiratisin P, Thamlikitkul V. Hospital acquired pneumonia and ven-

tilator associated pneumonia in adults at Siriraj hospital: etiology, clinical out-

comes and impact of antimicrobial resistance. J Med Assoc Thai 2010; 93:126-

38. 

4.	 	 Elatrous S. Incidence and risk factors of Ventilator-associated pneumonia: a 

one year prospective survey. Clinical Intensive Care 1997; 7:276-9.

5.	 	 Guimaraes MMDQ, Rocco JR. Prevalence of Ventilator-associated pneumonia 

in a university hospital and prognosis for the patients affected. J Bras Pneumol 

2006; 32:339-46. 

6.	 	 Rajasekhar T, Anuradha K, Suhasini T, Lakshmi T. The role of quantitative cul-

tures of non bronchoscopic samples in Ventilator- associated pneumonia. In-

dian J Med Mircrobiol 2006; 24:107-13.

7.	  Gupta A, Agrawal A, Mehrota S, Singh A, Malik S, Khanna A. Incidence, risk    

stratification, antibiogram of pathogens isolated and clinical outcome of venti-

lator associated pneumonia. Indian J Crit Care Med 2009; 37:2709-18.

8.	 	 Sood S, Das B, Kapil A et al. Profile of bacterial isolates from patients with Ven-

tilator-associated pneumonia in a tertiary care hospital in India. Indian J Med 

Res 2005; 121:63-4. 

9.	 	 Shete VB, Ghadage DP, Muley VA,Bhore AV, Multi-drug resistant Acinetobacter 

Ventilator-associated pneumonia.  Lung India 2010; 27:217-20. 

10.	 	 Javiya VA, Ghatak SB, Patel JA. Antibiotic susceptibility patterns of Pseu-

domonas aeruginosa at a tertiary care hospital in Gujarat, India. Indian J Phar-

macol 2008; 40:230-4.

11.	 	  Joseph NM, Sistla S, Dutta TK, Badhe AS, Paija SC. Ventilator-associated pneu-

monia in a tertiary care hospital in India: incidence and risk factors. J Infect 

Dev Ctries 2009; 3:771-7.

 


