
Comparative Bacteriological Study of Community
Acquired Pneumonia

Introduction

rimary respiratory diseases are 
responsible for major burden of 

morbidity and mortality and the lungs are 
often affected in multi-system disease. The 
pneumonias can be of Bacterial, Viral, 
Parasitic or Fungal aetiology. Infective 
pneumonias can be of three types - Lobar 
pneumonia, Bronchopneumonia or 

1interstitial pneumonia.  Nowadays, 
pneumonias are broadly classified into - 
Community Acquired Pneumonias (CAP) 
and Hospital Acquired Pneumonias (HAP) 
or Nosocomial Pneumonias (NP).

Community acquired pneumonia is 

P
defined as that which develops outside the 
hospital without iatrognic or invasive 
procedures or pneumonia that develops in 

2a non hospitalised ambulatory patient.

Hospital Acquired Pneumonia or 
Nosocomial Pneumonia is by definition 
neither present nor incubating on 
admission to the hospital and occurs more 
than 48 hours after hospital admission. 
About two third of hospital acquired 
pneumonia are due to gram negative 
bacilli.

The incidence of  Nosocomial  
Pneumonia in ICUs ranges from 10% to 
65%, with reported case fatality rates of 
13% to 55%, such colonisation is more 
prominent in critically ill patients and 
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Abstract

Background : Community acquired pneumonia and ventilator associated pneumonia 

are the two forms which are associated with high morbidity and mortality amongst 

children and very old.

Aims : To differentiate and compare the causative organisms of CAP and VAP, their 

sensitivity pattern, and study some special tests associated with them.

Methods : Total 120 cases (60 CAP + 60 VAP) studied. Sputum sample collected for 

CAP cases, while endotracheal aspiration collected for VAP cases and processed as 

per standard bacteriological techniques. Antibiotic sensitivity pattern recorded. 

Special tests like extended spectrum beta lactamase (ESBL) and metallo beta 

lactamase (MBL) were carried out.

Results : Younger age group involvement, Monomicrobial aetiology with better 

sensitivity pattern was observed in CAP. In VAP, older age group involvement, 

Polymicrobial aetiology with more resistance for antimicrobial therapy was 

observed. While male preponderance was seen in both.

Conclusion : Treatment response of CAP was better compared to VAP. Generation of 

data periodically will help in optimising the treatment of pneumonias and curb 

emergence of drug resistant strains in the ICU set up.



intubations increases the risk of micro 
4aspiration by different mechanisms.

Ventilator Associated Pneumonia 
(VAP) was considered when it occurred 
after 48 hours of mechanical ventilation 
and was not incubating before starting 

5mechanical ventilation.  VAP is a serious 
infectious condition in intensive care unit 
(ICU) patients, currently related to high 
mortality rate. Therefore this complication 
of mechanical ventilation requires a 
prompt diagnosis and adequate antibiotic 
treatment. The detection of the causative 
organism is imperative for guiding an 
appropriate therapy as there is strong 
evidence of adverse effect of inadequate 

6empirical treatment on outcome.

The indiscriminate use of antibiotics 
had led to widespread emergence of 
multiple drug resistant pathogens. 
Hospital outbreaks of multi drug resistant 
enterobacteriaeceae are now being 
frequently caused by extended spectrum 
Beta lactamase (ESBL) producers. Drug 
resistance has become a reality for many 

strains of Pseudomonas aeruginosa, 
Acinetobacter sp, enteric gram negative 
bacilli and an ongoing problem among 
Gram positive bacteria such as 
S t a p h y l o c o c c u s  s p ,  M R S A  a n d  

Enterococcus sp.

The crop rotation theory of antibiotic 
use has reduced the incidence of ventilator 
associated pneumonia by drug resistant 

5Gram negative bacteria from 4% to 0.9%.  
The objectives are to study the 
bacteriological profile and antibiotic 
sensitivity pattern of community acquired 
pneumonia and ventilator associated 
pneumonia, also to find out extended 
spectrum Beta lactamase (ESBL) 
producers and Metallo beta lactamase 
(MBL) producers amongst them.

Over a period of one year from April 
2007 to April 2008, bacteriological profile 
of 60 cases of community acquired 
pneumonia and 60 cases of ventilator 
associated pneumonia were studied. All 
the patients included were Adult, above 
age of 18 years.

Inclusion Criteria 

cFo r  Commun i t y  Acqu i r ed  
Pneumonia

Clinically diagnosed cases of 
pneumonia were included in the study. 
C l in i ca l  d i agnos i s  was  fu r the r  
substantiated by radiological findings and 
other laboratory findings. The first sputum 

Material and Methods

Selection of cases

Fig. 1 Extended spectrum beta lactamase 
(ESBL)

Fig. 2  Metallo beta lactamase (MBL)
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specimens were collected before 
administration of antibiotics in cases of 
CAP and processed as per standard 

7bacteriological techniques.

cFor  Vent i la tor  Assoc ia ted  
Pneumonia

Patients included in the study if 
they complied with the following criteria. 

1. Mechanical ventilation for more 
than 48 hours.

2. A new and persistent infiltrate on 
chest radiograph.

3. Presence of purulent endotracheal 
aspirates.

Exclusion Criteria 

Any patient who was found to be 
having pneumonia of tuberculous origin, 
clinically or subsequently through 
laboratory studies by Zeihl Neilsen 
Staining was excluded from the study.

Pat ient ’s  name, age,  gender,  
registration number, underlying diagnosis 
and indication for mechanical ventilation 
was recorded. X-ray chest, temperature 
and antibiotic treatment were recorded.

Collection

1) Sputum                                               
2) Endotracheal aspirate (EA)                 
3) Broncho-alveolar lavage (BAL)

Transport

The sputum samples were transported 
in sputum containers.

A sterile mucus extractor (trap) was 
used to collect the sample from patients on 
ventilation.

Processing - Sputum, EA and BAL

Sputum samples were specifically 
assessed by Bartlett Grading.

Average number of epithelial cells and 
neutrophils in about 20 separate 10x 
microscope fields and then calculate the 
total. For final score of 0 or contamination 
of saliva, repeat sputum specimen were 

8requested.

Culture 

Homogenised sputum and EA or BAL 
were inoculated on Blood agar, Chocolate 
agar and MacConkey’s agar.

In patients where fungal element were 
seen on primary smear or where there is 
clinical suspicion of fungal infection - 
culture was done on Sabouraud’s 
Dextrose Agar and incubated separately 
for 7 days. Germ tube test was done for 
candidal growth.

lIdentification of organisms

The plates were examined for the 
colony morphology after 24 hours of 
incubation and identification of the 
organisms was done as per the standard 

8protocol.

lAntibiotic sensitivity testing

The organisms isolated were subjected 
to antibiotic sensitivity testing using the 
Kirby-Bauer’s disc diffusion method.

Isolated of Klebsiella pneumoniae, 
Escherichia coli and Pseudomonas 
aeruginosa were further tested for 
Extended Spectrum Beta Lactamase 

Detection of Extended Spectrum Beta 

Lactamase

10-25

> 25

No. of Epithelial cells / 10x Low Power Field Grade

-1

-2

< 10

10-25

> 25

Presence of Mucus

No. of Neutrophils / 10x Low Power Field

a) Bartlett’s Grading system :

Grade

0

+1

+1

+1
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Cap (60 Cases)

Vap (60 Cases)

Total No. of Cases

Table 3 : Microbial Aetiology of CAP V/S VAP

56 (93.3%)

32 (53.3%)

CAP

4 (6.6%)

28 (46.6%)

VAP

Male

Female

Age 

Table 2 : Sex Distribution of CAP V/S VAP

40 (66.6%)

20 (33.3%)

CAP

47 (78.3%)

13 (21.6%)

VAP

18 - 30

31 -50

> 51

Total

Age 

Table 1 : Age distribution of CAP V/S VAP

21 (35.0%)

22 (36.6%)

17 (28.3%)

60

CAP

15 (25%)

18 (30%)

27 (45%)

60 

VAP

(ESBL) production. 

The strains that showed the following 
susceptibility patterns were tested for 
ESBL production.

a) Resistant to all antibiotics.

b) Susceptible or intermediate 
sensitive to Cefotaxime (30 µg)

9c) Resistant to Cefotaxime (30 µg)

Double Disc Synergy Testing

Muller - Hinton agar plates were 
p r e p a r e d  a n d  i n o c u l a t e d  w i t h  
standardised inoculum (corresponding to 
0.5 McFarland standard) to form a lawn 
culture. With a sterile forceps Augmentin 
disc was placed on the agar plate in the 
centre. Cefotaxime (30 µg) and Ceftriaxone 
(30 µg) were placed in line with Augmentin 
with centre-to-centre distance of 15 mm. 
The plates were inverted and incubated at 

0 37 C overnight.

Interpretation - if the strain was an 
ESBL producer, then the zone around 
Cefotaxime and Ceftriaxone were extended 
on the side nearest the Augmentin disc.

Detection of Metallo Beta Lactamase 

Isolates of Pseudomonas aeruginosa 
and Acinetobacter spp were further tested 
for Metallo beta lactamase (MBL) 
production.

The strains that showed resistance to 
Imipenem (10 µg) were selected for MBL 
production.

10Double Disc Synergy Testing

A 10 µg Imipenem disc was placed on 
the plate and a black filter paper disc was 
placed at a distance of 10 mm (edge to 
edge). To the blank disc 3 µl of 2 mercapto - 
propionic acid was added. The plates were 

0  10incubated at 37 C overnight.

Interpretation - if there is presence of 
even small synergistic inhibition zone 

around the disc was interpreted as 
positive.

The most common age group affected 
in CAP was 31 - 50 years of age.

The most common age group affected 
in VAP was >51 years of age.

Male : Female ratio in CAP is 2:1

Male : Female ratio in VAP is 3.6.1

In CAP cases, 56 (93.3%) had infection 
with single organism whereas 4(25.5%) 
had infection with more than one 
organism. Monomicrobial aetiology was 
predominant in CAP. In VAP cases, 32 
(53.3%) had infection with single organism 
and 28 (46.6) had infection with more than 
one organism. Polymicrobial aetiology was 
predominant in VAP.

Frequency of Aetiological Agents of 

Cap V/S VAP

Among the CAP cases most common 
organism was S. pneumoniae (61.6%)  
followed by K. pneumonia (15%).

VAP cases most common organism 
isolated was pseudomonas aeruginosa 

Results
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(55%) and followed by Acinetobacter 
species (43.3%).

Antibiotic Sensitivity Pattern of CAP 

V/S VAP

In CAP highest sensitivity by Gram 
positive organisms was for Augmentin 
(AU), Lincomycin (LM), Linezolide (LZ) 
(100%) and highest sensitivity by the gram 
negative bacilli to Augmentin (AU), 
Amikacin (AK) followed by Gentamicin 
(GM) and Gatifloxacin (GF). In VAP, all 
MRSA showed 100% sensitivity to 
Vancomycin (VA), Teicoplanin (Te), and 
Linezolide (LZ), while all Gram negative 
bacilli showed highest sensitivity to 
Imipenem (I), Meropenem (Mr), while 
lowest sensitivity was for Ticacillin(Ti), 
Cefuroxime (CO) and Augmentin (AU).

This table shows in CAP only 1 isolate 
showed ESBL production. In VAP, 8 cases 
showed ESBL production.

In present study, the incidence of CAP 
was maximum in the age group between 
31-50 years accounting for 36.6% (i.e. 22 
out of 60 cases). Our result was 
comparable to those of Ostergaard et al, 
who reported a mean age of 42.7 years.11 
Porath et al in their study, reported an 

12average age of 49 years.

The incidence of VAP was maximum in 

Discussion

older age group i.e. > 51 years, accounting 
for 45% (i.e. 27 out of 60 cases). Our result 
was comparable to those of Kollef et al, 

4who have reported a mean age of 68 years.  
Quintana et al in their study reported a 

13mean age of 51 years for VAP.

The present study showed in CAP, 
Male : Female ratio of 2:1 with 47 males 
and 13 females. Ostergaard et al reported 
the ratio 1.7:1, out of which 64% males 

11and 36% females.  Fang et al reported 
14Male : female ratio of 2:5:1 in their study.

In VAP Male : Female ratio was 3:6:1 
with 40 males and 20 females. Quintana et 
al in their study reported the ratio of 4.8:1 
with 82.7% were males and only 17.3% 

13were females.

The present study showed that in CAP 
- monomicrobial infections were seen in 
93.3% cases and polymicrobial infections 
were seen in 6.6% of cases, While in VAP - 
monomicrobial aetiology accounted for 
53.3% cases and polymicrobial infections 
were seen in 46.6% of cases.

In CAP, commonest organism isolated 
was S. pneumoniae accounting for 61.6%, 
followed by K. pneumoniae 15.6%, S. 
pyogenes 11.6%, S. aureus 5%, H. 
influenzae 3.3% with P. aeruginosa 6.6%, 
E.coli 3.3% and Acinetobacter spp. 1.6%. 
This is comparable with the study, carried 
out in Shimla by S. Bansal and S. Kashyap 
which showed that S. pneumoniae was the 
most frequent pathogen with 35.8% in a 

15total of 70 cases studied.  Oberoi and 
Aruna Aggarwal showed S. pneumoniae 

16isolation in 32.8% of cases.

H. influenzae accounted for 3.3% of 
CAP cases. Fang et al obtained 1.3% rate of 

14isolation of H. influenzae.  Ostergaard et 
al reported 2.4% incidence of H. 

31influenzae

In VAP, incidence of Pseudomonas sp. 

P. aeruginosa

Acinetobacter

Total

Table 5 : MBL Production in VAP Cases

MBL Positive ESBL Producer

06

07

13

CAP

VAP

TOTAL

Table 4 : ESBL Production of CAP V/S VAP

Tested ESBL Producer

08

24

32

01

08

9 (33.3%)
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and Acinetobacter spp. was 55% and 
43.3% respectively. Quintana et al 
reported 40% incidence of Pseudomonas 

13sp.  Woeke et al reported 10% of incidence 
17of Pseudomonas sp.  Similar findings 

18were quoted by Cross and Roup.

We isolated 8.3% MRSA, which is 
comparable to the study of Merchant et al 

19who found S. aureus in 5% cases,  
whereas Kurashi et al reported in only 2% 

20cases.

Fangion et al in their study stated that 
endotracheal aspirate had a sensitivity of 
89.5% and a specificity of 66.7% and 
negative predictive value of 90% and 
positive predictive value of 65.4%, when 
the threshold for quantitative cultures of 

5endotracheal aspirates was taken as >10  
16CFU/ml.  Ebiary et al have also reported 

5that by using 10  CFU/ml as a threshold 
for quantitative cultures, endotracheal 
aspirates represented a relative sensitivity 

17of 70% and relative specificity of 72%.  In 
our study, quantitative cultures of the 
endotracheal aspirates from all the VAP 

5cases yielded a colony count of >10  
CFV/ml.

In the present study, in CAP - the 
antibiotic sensitivity pattern of Gram 
Positive Isolates showed the highest 
susceptibility to Augmentin (100%), 
Azithromycin (100%), Lincomycin (100%), 
Linezolide (100%), followed by Gentamicin 
(97.8%), Cefotaxime (95.5%), Levofloxacin 
(87.2%) and least susceptibility shown for 
Co-trimoxazole (36.1%). No MRSA were 
isolated in these cases.

In VAP cases - Gram Negative bacilli 
showed highest susceptibility to Imipenem 
and Meropenem (81.4%), followed by 
Cefaperazone + sulbactum (67.9%), 
Amikacin (66.6%), Cefepime (61.7%), 
Pactum (55.5%), Nitilmicin (53%) and 

Cefotaxime (51.8%), while low sensitivity 
was shown to Piperacillin (28.3%), 
Ticarcillin (24.6%), and Augmentin 
(20 .9%) .  Among  the  pa thogens   
responsible for VAP, 5 MRSA were isolated 
which showed 100% sensitivity to 
Vancomycin, Teicoplanin and Linezolide, 
while they showed 100% resistance to Co-
t r i m o x a z o l e ,  G e n t a m i c i n  a n d  
Ciprofloxacin.

In the present study, the incidence of 
ESBL producers in CAP was 12.5%, While 
in VAP, incidence of ESBL production was 
33.3% Anantkrishnan et al reported that 
the incidence of ESBL production by K. 

62pneumoniae was 43.8%.  G. Revathi in her 
study used E test strip for detection of 
ESBL producers and reported an 

20incidence of 53%.

This study in VAP cases, Metallo Beta 
Lactamase production was shown by 
18.1% of P. aeruginosa and 26% of 
Acinetobacter spp. which were resistant to 
Imipenem and Meropenem.

The Centre for Disease Control (CDC) 
suggested  that  the  prob lem o f  
antimicrobial resistance could be better 
controlled through optimization of 
prophylactic, empiric and therapeutic 
antimicrobial use and this could be 
accomplished by education about 
appropriate antibiotic use and by 
providing data to physicians about the 
types of resistant organisms seen in their 
own Intensive Care Units as part of an 
ongoing surveillance programme.

This study highlight that the aetiology 
of Community Acquired Pneumonia varies 
a lot from Ventilator Associated 
Pneumonia.

Data regarding the antibiotic 
sensitivity testing pattern and resistant 
strains needs to be generated periodically 
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in order to optimise the treatment of 
pneumonias and curb emergence of drug 
resistant strains in the ICU set up with the 
emphasis on infection control strategies.
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ORAL BISPHOSPHONATES AND OESOPHAGEAL CANCER

Oral bisphosphonates have been marketed for the treatment and prevention of osteoporosis since the mid-

1990s. 

In 1994, erosive oesophagitis was reported in five patients in a clinical trial of oral pamidronate. A year later, 

multiple ulcerative oesophagitis was described in a 59 year old woman who had taken one alendronate tablet a 

day for seven days with half a glass of water while lying down.

A recent epidemiological study conducted in the UK’s General Practice Research Database, which compared 

the incidence of oesophageal cancer and gastric cancer in patients who were exposed or not exposed to oral 

bisphosphonates, found no increase in the risk of either cancer.

DIANE K WYSOWSKI, BMJ 2010; 341 : 516-517
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