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INTRODUCTION

Hospital acquired infections(HAI’s) are additional risk 
factors affecting the clinical course of  patients admitted 
to a healthcare facility that are instrumental in increasing 

the risk of  morbidity, mortality as well as economic costs 
of  healthcare delivery. According to WHO, hospital 
acquired infections can be defined as “An infection occurring 
in a patient in a hospital or other healthcare facility in whom the 
infection was incubating at the time of  admission or was absent. This 
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Background: Ventilator associated pneumonia (VAP) is considered to be second most 
commonnosocomial infection patients requiring critical care. Aims and Objective: The 
present study was conducted to study the role of colonizers and importance of surveillance 
cultures of endotracheal aspirate (ETA) in the diagnosis of ventilator associated pneumonia 
in a tertiary care hospital in Lucknow. Materials and Methods: An observational longitudinal 
study was conducted over a period of 2 years, on a total of 210 critically ill patients on 
mechanical ventilation for >48hrs, to identify the common isolates from ETA culture. 
Follow up of such patients was done to know the role of these isolates in causation of 
Ventilator Associated Pneumonia (VAP). Patients fulfilling both clinical Pulmonary infection 
score (CPIS>6) and microbiological criteria were diagnosed as VAP. Those microorganisms 
with a colony count of less<105 cfu/ml in both the patients with VAP and those without 
VAP were considered as colonizers. Results: Klebseilla pneumonia (46.2%), Pseudomonas 
aeruginosa (16.2%) and E.coli (13.8%) were found be the commonest colonisers followed 
by Acinetobacterbaumanii (8.6%),Citrobacterkoseri(3.8%),Coagulase Negative Staphylococci 
(2.9%), Staphylococcus aureus (2.4%) and Proteus vulgaris (1%). Of the total patients 28 
developed VAP out of which 21 had late onset VAP and 7 had early onset VAP. Among 
the VAP positive patients the causative organism was Klebsiella pneumonia (53.6%) 
for majority of cases followed by Pseudomonas aeruginosa (21.4%) and Acinetobacter 
baumanii (17.9%). Conclusion: Prolonged duration of mechanical ventilation increased the 
chances of colonization by MDR microorganisms leading to nosocomial or Hospital acquired 
infections (HAI) such as VAP which in turn lead to increased rate of morbidity and mortality. 
VAP considered to be a leading cause of HAI, routine quantitative surveillance culture of 
ETA(endotracheal aspirate) will allow prospectively to determine prevalence and progression 
of colonization in lower respiratory tract, so that strict and prompt preventive measures can 
be taken rather than cure.
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includes hospital acquired infection which appeared after discharge, 
and also infections among staff  working in thehealthcare facility”.1 

Devices invasive in nature like catheters andventilators 
employed in a health care establishment of  modern era 
have an association with theseinfections.2 These devices 
are more of  use in case of  patients requiring critical care. 
Thus,causality of  these critical patients is not only from 
their critical illness but also from secondary processes such 
as nosocomialinfection.Second commonestnosocomial 
infection found in critically ill patients is Pneumonia. It has 
been estimated that 86% of  nosocomial pneumonias are 
associated with mechanical ventilation(MIV) and have been 
termed as ventilator-associated pneumonia (VAP).3VAP has 
beendefined as pneumonia occurring to those patients who 
have undergone endotracheal intubation or tracheostomy 
more than 48 hours,caused by infectious agents incubating 
or absent at the time of  initiation of  MIV.4 By the joint 
efforts of  CDC and National Institutes of  Health, a new 
guideline for diagnosis of  VAP came into being which 
aimed in improving the diagnosis of  VAP as well as the 
reliability and validity of  Surveillanceculture.5 

According to guidelines, Gram staining of  endotracheal 
aspirate or BAL showing >25 neutrophils and <10 epithelial 
cells per low-power field or positive culture from sputum, 
endotracheal aspirate, BAL, lung tissue as the indicator of  
possible-VAP and positive culture of  endotracheal aspirate 
>105 CFU/ml, or positive BAL culture with >104 CFU/ml, 
or positive culture of  protected brush specimen >103 
CFU/ml was considered to be indicator of  probable-VAP.

The diagnosis of  VAP is complex as it is difficult 
to differentiate between pathogenic and colonizing 
microorganisms. Mechanically ventilated patients are 
unconscious therefore there is no clearance of  the 
secretions in the oropharynx leading to increase in 
colonizers which gets collected and is passed along the 
tracheal tube, also forms a biofilm and reaches the distal 
airway leading to pneumonia.6 The organisms reaching 
the distal airway overcome the host immune response 
supported by cofactors like pulmonary edema and previous 
lung infections favoring bacterial multiplication.Therefore 
the source of  infection in most patients with VAP is 
either the normal flora or bacteremia.7 Bronchoscopically 
obtained secretions of  lower respiratory tract accurately 
diagnoses the pathogens but it is been considered as an 
invasive procedure when VAP sets in, hence in such cases 
if  endotracheal aspirate is collected early in the course 
of  infection, it can be used for determining the bacterial 
pathogen by doing culture.8

Ventilator associated pneumonia is responsible for 
increased rate of  multidrug- resistant infections leading 
to enhanced antibiotic use both in dose and duration, 

prolonging the timeofMIV, which also increases time period 
of  hospital stay and ultimatelyto increase in morbidity, 
mortality and last but not the least inflated healthcare cost.9

Considering the above given information this surveillance 
study was planned, in which those patients admitted in 
Intensive care unit (ICU) and Critical care unit (CCU) 
of  Era’s Lucknow Medical and Hospital were taken who 
were on mechanical ventilation for>48hrs. Ultimate aim 
of  routinely carrying out Endotracheal aspirate culture of  
all patients undergoing critical care was to predict about 
those patients who were at raised risk of  invasive disease, 
which could lead the clinician to judicious and prompt use 
of  antibiotic therapy based on the most prevalent bacterial 
speciesrecognized in these cultures in the event of  the 
development of  VAP.

MATERIAL AND METHODS

Settings and subjects
This study was carried out for a period of  2 years from 
November 2016 to October 2018 in collaboration with 
Microbiology department and Critical CareUnits of  Era’s 
Lucknow Medical College and Hospital, a tertiary care 
hospital in Lucknow,U.P, India. Since the study was based on 
surveillance, therefore it was considered to be an observational 
study. Patients admitted to Critical care unit as well as to 
Intensive care unit for more than>48 hrs on ventilatory 
support were taken for the study. Patients with acute 
respiratory distress syndrome (ARDS) as well having prior 
clinical and radiological signs of  pneumonia or secondary to 
pneumonia before initiation of  MIV were excluded. This study 
was approved by ethical committee of  institute. Informed 
consent was also taken from the patient’s next of  kin.

Data acquisition
The data obtained from the patients enrolled in this study 
included primarily their underlying illness, duration of  
stay in hospital as well as total time period on ventilatory 
support and previous antibiotictherapy record. Other 
recorded data were included from their medical records, 
bedside charts, radiographic reports, and reports of  
microbiological cultures.

Specimen collection
Endotracheal aspirate was obtained by inserting a sterile 
catheter attached to a mucus extractor through the 
endotracheal tube for a short distance and mucus was 
aspirated after instilling sterile normal saline.Atleast 3-5 ml 
ETA was collected which was properly labelled so that 
it can be transported to microbiology laboratory for 
processing (gram’s staining and culture) within 1 hr of  
collection.
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Specimen processing
The ETA sample received in the laboratory was examined 
by naked eye for amount, appearance, blood stain and 
purulence. Gram’s stain of  smear was examined under the 
microscope for pus cells and presence of  bacteria and its 
morphology for a presumptive diagnosis.10

Quantitative culture of  the ETA followed after serially 
diluting the aspirate in sterile normal saline to obtain 1/1000 
dilutionof  which 0.01ml inoculated on 5% sheep blood 
agar and MacConkey agar and incubated for 18-24 hrs at 
37ºC. A colony count was donewhen growth appeared on 
media after overnight incubation which was depicted as 
number of  colony-forming units per ml (cfu/ ml calculated 
by multiplying number of  colonies with dilution factor 
and inoculation factor).On the blood agar (gram positive 
bacteria) or on MacConkeyagar (gram negative bacteria) if  
even a single colony appeared after inoculating 0.01 ml of  
1/1000 times diluted EA was expressed as>105 CFU/ml. 
Further identification of  microorganisms isolated was done 
on the basis of  standard biochemical testing and colony 
characteristics. EAculture quantitatively showing ≥105 
cfu/ml and >10 polymorphonuclear cells/low power field 
as well as ≥1 bacteria/oil immersion field in gram stain 
confirmed microbiological diagnosis.10-13

Antibiotic susceptibility assessment
Antibiotic susceptibility was determined by Kirby-Bauer 
disk diffusion technique.Results were interpreted as per the 
recommendations of  Clinical Laboratory Standard Institute 
guidelines (CLSI) document 2016.14

Follow up protocol
Monitoringof  these critically ill patients for development 
of  signs of  VAP was done atregular intervals till discharge 
or death. Clinical Pulmonary Infection Score (CPIS) was 
calculated for every patient on MIV every third day starting 
from day 0 i.e. after 48 hrs of  intubation. VAP wasonly 
considered to be present in those ill patients whose CPIS 

score wasbe more than 6. Those patients with or without 
VAP having colony count of  less than105 cfu/ml was 
considered as colonizers.15

Diagnosis of VAP
Establishment of  VAP diagnosis was achieved by 
monitoring all patientson the basis of  CPIS score (clinical 
pulmonary infection score) at frequent intervals, until 
discharge or death. A total of  6 clinical assessments, 
includingfever, total leukocyte count, purulent tracheal 
secretions (quantity),lung oxygenation, type of  radiographic 
abnormality and results of  sputum culture and Gram stain 
were considered as per CPIS each worth 0–2 pointswas 
used in those critical care patients who were clinically found 
to be suffering from VAP.

Statistical analysis
The statistical analysis was done using SPSS (Statistical 
Package for Social Sciences) Version 21.0 statistical Analysis 
Software. The values were represented in Number (%) 
and Mean±SD.Comparison of  the mean age of  patients 
with and without VAP was carried out using an unpaired 
Student’s t-test. All p-values of  < 0.05 were considered 
statistically significant.

RESULTS

Among the total (n=210) patients on MIV for >48 hours 
enrolled in the study the distribution of  study population 
was found to be ranged from minimum of  two days to a 
maximum of  28 days. The mean duration was 7.38+5.44 
days. Most of  the patients had a stay of  2-4 days i.e (39%) 
as shown in Table 1.

On the last day of  ventilation, out of  210 patients enrolled 
in the study only7(3.3%) were found to be sterile. Klebsiella 
pneumonia (46.2%) was the commonest pathogen followed 
by Pseudomonas aeruginosa (16.2%), E. coli (13.8%) while less 
common pathogens were Acinetobacter baumannii (8.6%), 

Clinical pulmonary infection scoring system (CPIS)
CPIS points 0 1 2
TrachealSecretions Absent Not Purulent Abundant and Purulent
Leucocyte count (mm3) >4000 and <11,000 <4000 and >11,000 <4000 or > 11,000 + band forms
Temperature (OC) >36.5 and <38.4 >38.5 and <38.9 >39 or <36
PaO2/FIO2 ratio (mmHg) >240 or ARDS - <240 and no  ARDS
Chest radiograph No infiltrate Diffuse  Infiltrate Localized infiltrate 
Culture of tracheal aspirate Negative - Positive
CPIS points 0 1 2
Tracheal secretions Absent Not purulent Abundant and Purulent
Leucocyte count (mm3) >4000 and <11,000 <4000 and >11,000 <4000 or > 11,000 + band forms
Temperature (OC) >36.5 and <38.4 >38.5 and <38.9 >39 or <36
PaO2/FIO2 ratio (mmHg) >240 or ARDS - <240 and no  ARDS
Chest radiograph No infiltrate Diffuse infiltrate Localized infiltrate 
Culture of tracheal aspirate Negative - Positive
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Citrobacter koseri (3.8%), CONS (2.9%), S. aureus (2.4%) and 
P. vulgaris (1.0%) as can be observed in Table 2.

Ventilator associated pneumonia was confirmed in the patients 
having clinical pulmonary infection score >6. Only 28 (13.3%) 
patients had CPIS >6 during their stay on mechanical invasive 
ventilation, rest 182 patients did not acquire pneumonia during 
their stay on MIV as shown in Table 3.

Among 28 patients who acquired VAP during 4 to 14 days 
of  their stay on MIV, median duration of  acquiring VAP was 
6thday and mean duration was 6.86+2.58 days. Early onset VAP 
(within 4 days) was among 25.0% of  patients while rest 75% 
was found to be late onset (>4 days) as relevant in Table 4.

Causative organisms in VAP patients on MIV was Klebsiella 
sps. For majority of  cases (53.6%) followed by Pseudomonas 

sps. (21.4%) and Acinetobacter sps. (17.9%). In 1 (3.6%) 
patient each causative organism was E. coli and Enterococcus 
sps. as shown in Table 5.

Of  total VAP cases, two third (n=19; 67.9%) had same 
pathogen in the pre-VAP culture and on day of  suspected 
VAP , in only 2 (7.1%) cases specimen was sterile on pre-
VAP cultures and rest 7 (25.0%) cases pathogen on day of  
VAP and before the day of  VAP was not same as depicted 
in Table 6.

Mean duration of  MIV among patients who acquired 
VAP (15.71±6.39 days; range 4-28 days) was found to 
be significantly higher as compared to those who did 
not acquire VAP (6.10±3.96 days; range 2-23 days) as 
shown in Table 7. Total duration of  ventilator use of  
patients enrolled in the study was 1550 days. VAP rate 
was calculated using

 VAP rate=       No of  cases X 1000
        Total Duration of  Ventilator use

VAP Rate found to be 18.06 per thousand ventilator days.

Mortality was found higher in VAP acquired than no VAP 
patients as shown in Table 8.

Table 3: Prevalence of ventilator induced 
pneumonia among study population

S.No. Ventilator Induced Pneumonia No. of 
patients

Percentage

1 CPIS >6 (VAP Positive) 28 13.3
2 CPIS ≤6 (VAP Negative) 182 86.7

Table 4: Distribution of vap patients (n=28) 
according to duration of acquiring Pneumonia
S.No. Duration (days) No. of patients Percentage
1 Early onset (within 4 days) 7 25.0
2 Late onset (>4 days) 21 75.0
Mean±SD: 6.86±2.58days; Min-Max (median): 4-14 (6.00) days

Table 5: Distribution of VAP patients (n=28) 
according to organism involved for VAP
S.No. Diagnosis No. of patients Percentage
1 Acinetobacter sps. 5 17.9
2 E. coli 1 3.6
3 Enterococcus sps. 1 3.6
4 Klebsiella sps. 15 53.6
5 Pseudomonas sps. 6 21.4

Table 7: Association of VAP and duration of MIV 
of study population
Group No. of patients Min. Max. Mean S.D.
VAP 28 4 28 15.71 6.39
No-VAP 182 2 23 6.10 3.96
Total 210 2 28 7.38 5.44
‘t’= 10.886; p<0.001

Table 1: Study population distributed on the 
basis of duration on mechanical ventilation
S.No. Duration (days) No. of patients Percentage
1 2-4 days 82 39.0
2 5-7 days 60 28.6
3 8-10 days 27 12.9
4 >10 days 41 19.5

Mean±SD: 7.38±5.44days; Min-Max (median): 2-28 (6.00) days

Table 2: Distribution of study population 
according to pathogen isolated on last day of 
ventilation
S.No. Diagnosis No. of patients Percentage
1 Sterile 7 3.3
2 Acinetobacterbaumannii 18 8.6
3 Citrobacterkoseri 8 3.8
4 CONS 6 2.9
5 E. coli 29 13.8
6 Klebsiellapneumoniae 97 46.2
7 Proteus vulgaris 2 1.0
8 Pseudomonas aeruginosa 34 16.2
9 S. aureus 5 2.4

Table 6: Comparison of VAPand Pre-VAP 
pathogensin routineculture
S.No. No. of patients Percentage
1 VAP and Pre-VAP 

pathogens same
19 67.9

2 VAP and Pre-VAP 
pathogens not same

7 25.0

3 No colonizers on Pre-
VAP

2 7.1
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Table 8: Association of VAP and outcome of 
study population
S.No. Outcome VAP (n=28) No-VAP 

(n=182)
Total 

(N=210)
No. % No. % No. %

1 Discharged 15 53.6 100 54.9 115 54.8
2 Expired 13 46.4 82 45.1 95 45.2
χ²= 0.018(df=1); p=0.892

Table 9: Percentage resistance of various antibiotics against bacterial isolates
Colonizers No.of isolates PIT AMC CTR CPM CIP LEVO AK IPM MRP TOB
Gram Negative bacteria

K.pneumoniae 97 79.4 100 89.7 89.7 89.7 79.4 79.4 69.1 59.8 69.1
E. coli 29 51.7 69.0 75.9 75.9 75.9 75.9 41.4 58.6 34.5 41.4
Citrobacterkoseri 8 100 100 100 100 100 75 75 87.5 100 75
Proteus vulgaris 2 0 100 100 100 100 100 100 0 0 100

Non-fermenters
P. aeruginosa 34 17.6 – 76.5 50.0 – 26.5 32.4 32.4 26.5 32.4
Acinetobacterbaumanii 18 100 100 100 100 100 100 100 88.9 94.4 100

Colonizers No. of isolates VAN DO LZ LE AMP AK CD CX HLG/ GEN TEI
Gram Positive bacteria

Entero- coccus spp. 4 60.0 0.0 0.0 100 100 40.0 0.0 – 20.0 40.0
CONS 6 0.0 66.6 0.0 33.3 33.3 33.3 33.3 33.3 33.3 33.3
S. aureus 5 0.0 60.0 100 60.0 100 60.0 60.0 40.0 60.0 100

Table 10: Prediction of VAP pathogens by determining prior colonization leading to diagnostic accuracy
Organism TP FP TN FN Sensitivity Specificity PPV NPV Diagnostic accuracy
Acinetobacterbaumannii 3 0 23 2 60.0 100.0 100.0 92.0 92.9
E. coli 1 0 27 0 100.0 100.0 100.0 100.0 100.0
Enterococcus sps. 0 1 26 1 0.0 96.3 0.0 96.3 92.9
Klebsiella pneumoniae 11 2 11 4 73.3 84.6 84.6 73.3 78.6
Pseudomonas aeruginosa 4 1 21 2 66.7 95.5 80.0 91.3 89.3

Table 9 shows the Antibiotic resistance pattern of  
Gram-negative bacteria as well as Non-fermenters and 
Gram-positive bacteria.

Table 10 shows positive predictive value of  organisms found 
during surveillance culture to that of  found during VAP 
leading to diagnostic accuracy.

DISCUSSION

This particular study was done to know the common 
colonizers present in respiratory tract of  patients on 
MIV admitted in that unit of  a tertiary care hospital in 
Lucknow where critically ill patients are treated, by doing 
surveillance culture of  the endotracheal aspirate and to see 
whether the culture can predict the organisms in an event 
of  VAP. Ventilator associated pneumonia in our study 
was confirmed in those patients having clinical pulmonary 
infection score >6. Only 28 (13.3%) patients had CPIS 
>6 during their stay on mechanical invasive ventilation, 
rest 182 patients did not acquire pneumonia during their 
stay onMIV.

In our study 28 patients were diagnosed of  VAP, among 
these early onset VAP were (25%) and late-onset VAP were 
(75%),whereas in a study by Ahmed et al. all the cases were 
of  late –onset VAP.16 A lower percentage of  early-onset 
VAP (25%) was seen in our study, which was similar to 
that reported by Michel et al, in (29%) of  patients,17whereas 
Joseph et al reported (41.7%) of  early onset VAP case.18 The 
early –onset VAP cases in our study may be due to the fact 
that our hospital is a tertiary care center and some patients 
have already received some form of  primary treatment 
at the Primary Health Center level and then referred, so 
probably they were colonized prior to admission which 
could be a contributor to occurrence of  early-onset VAP. 
The common organisms responsible for VAP in our study 
was Klebsiella pneumonia (53.6%) followed by Pseudomonas 
aeruginosa (21.4%), Acinetobacter baumannii (17.9%) E.coli 
(3.6%) and Enterococcus spp (3.6%). According to Joseph et al 
Pseudomonas aeruginosa (21.3%) and Acinetobacter sps. (23.4%) 
predominanted.18 Prior colonization by same organism 
was observed in 67.85% of  VAP positive cases. In pre-
VAP surveillance culture 53.57 % among these belonged 
to Enterobacteriacae 28.57% were non-fermenters. Same 
kind of  study conducted by Hayon et al showed that all 
these pathogens causing VAP were previously recovered 
from 35% of  the pre-VAP surveillance culture.19 Hence 
colonization by these organisms play an important role in 
development of  VAP. In this study, pre-VAP EA cultures 
predicted 67.85% (19/28) VAP cases, concordant to Joseph 
et al where the pre-VAP EA cultures were able to predict 
the VAP pathogens in 60.9% cases.18 In the present study 
the sensitivity of  prior colonization in predicting VAP for 
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Acinetobacter baumanii was (60%) and that for Pseudomonas 
spp. was (66.7%) has compatibility with the study done by 
Depuydt et al where ET aspirate surveillance culture showed 
sensitivity of  69% in predicting VAP pathogens.20 This study 
showed an incidence of  VAP to be 18.06 per 1000 ventilator 
days. A similar study conducted in Delhi had a comparatively 
lower incidence of  VAP i.e. 11.5 per 1000 ventilator day 16 
but in another study conducted at Pondicherry by Joseph 
et al, comparatively higher incidence of  22.94 per 1000 
ventilator days.18 Rate of  mortality in our study among VAP 
patients was 46.4% compared to non-VAP patients (45.1%) 
which is not of  much significance. Ahmed et al., found the 
crude mortality rate of  VAP patients to be 33.3%.16 Whereas 
Joseph et al. had a mortality rate of  16.2%18 However Rocha 
et al., Rodrigues et al. found higher mortality rates between 
32.1% and 70.9%.21,22 A high degree of  antibiotic resistance 
was observed by Gram negative as well as Gram positive 
isolates. Most of  our VAP patients were found to have risk 
factors for Multi drug resistant microorganisms, explaining 
the high rate of  colonization by these pathogens.

What this study adds
This study provided ample information about the relation 
between the colonizers (microorganisms) of  upper 
respiratory tract obtained by surveillance culture of  ET 
aspirate on the day of  admission of  patient in Critical 
Care Unit as well as at regular intervals thereafter which 
was found to be of  the same species when VAP sets in.  
Therefore, when VAP occurs, previous knowledge about 
organisms, can be used to administer drugs found to be 
effective for that particular species, thus preventing drug 
resistant and leading to cure.

CONCLUSION

The three most common colonizing organism isolated 
from patients on MIV were found to be Klebsiella 
pneumoniae (46.2%), Pseudomonas aeruginosa (16.2%) and 
E. coli (13.8%) followed by Acinetobacter baumannii (8.6%), 
Citrobacter koseri (3.8%), CONS (2.9%), S. aureus (2.4%) 
and P. vulgaris (1.0%). Among the VAP positive patients, 
prior colonization was observed with same organism in 
67.85% patients, suggesting role of  ETA in aiding the 
diagnosis of  VAP.

Thus, can be concluded that prolonged duration of  
mechanical ventilation, poses an increased chance of  
colonization by MDR microorganisms in the otherwise 
sterilelower respiratory tract, leading to HAI such as 
VAP. Routine quantitative surveillance culture of  ETA 
samples allows prospectively to determine the incidence 
and sequence of  LRT colonisation to infection in patients 
on MV.
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