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Abstract: Broncho alveolar lavage is a deeper sampling and has considerable value in diagnosing pulmonary infections. 

Antimicrobial susceptibility tests are mandatory to monitor the efficiency of available antimicrobial agents and the 

emergence of drug resistance among bacterial isolates. The aim of the study is to isolate and identify the common aerobic 

bacterial agents in broncho alveolar lavage and to evaluate the sensitivity pattern of all the bacterial agents. Grams 

staining, acid fast staining and culture was done for all the samples. All the isolates were identified by biochemical 

reactions. Antimicrobial susceptibility testing was done. The isolates were screened and confirmed for ESBL production. 

87.1% of isolates were gram negative bacilli with Klebsiella spp. as the most common isolates (33.3%). 17% of the gram 

negative isolates was ESBL producers and 66.7% of staphylococcus aureus was MRSA. 11% samples were found to be 

positive for Acid Fast Bacilli. Precise identification of the causative organisms and timely institution of appropriate 

antimicrobial therapy based on the prevailing sensitivity pattern of the bacterial isolates could reduce the morbidity and 

mortality of lower respiratory tract infections. 
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INTRODUCTION:  

Lower respiratory tract infections are the major 

cause of morbidity and mortality worldwide. They 

remain the leading cause of deaths among all infectious 

diseases and they account for 3.9 million deaths 

worldwide and 6.9% of all deaths [1]. Although rapid 

determination of the etiologic agents is of paramount 

importance in managing respiratory infections, the 

responsible pathogens are not determined in 50% of 

patients despite extensive diagnostic tests [2]. The 

specimens used for the diagnosis of lower respiratory 

tract infections can be sputum, endotracheal aspirate, 

trans tracheal aspirations, bronchoscopy specimens, 

lung puncture or biopsy. Though many specimens are 

available for the diagnosis of LRI, Broncho alveolar 

lavage is a deeper sampling of desquamated host cells 

and secretions and now reported to have considerable 

value in diagnosing pulmonary infections. The value of 

this technique in conjunction with quantitative cultures 

for the diagnosis of most of the major respiratory tract 

pathogens, including bacterial pneumonia, has been 

documented [3, 4]. Direct microscopic evaluation of 

smears provides immediate information about the 

causative organism and is helpful in starting 

antimicrobial therapy, but culture of the microbial 

pathogens is considered to be the gold standard. 

Antimicrobial susceptibility tests are mandatory to 

monitor the efficiency of available antimicrobial agents 

and the emergence of drug resistance among bacterial 

isolates. Considering the importance of bronchoalveolar 

lavage in the diagnosis of lower respiratory tract 

infections, the present study was conducted to identify 

the common aerobic bacterial isolates and their 

antimicrobial susceptibility profile in patients with 

lower respiratory tract infections attending a tertiary 

care hospital in Chennai. 

 

AIM OF THE STUDY: 

                  To isolate and identify the common aerobic 

bacterial agents in bronchoalveolar lavage in patients 

with lower respiratory tract infections. To evaluate the 

sensitivity and resistance pattern of all the bacterial 

agents isolated. 
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MATERIALS AND METHODS:  
                 This is a cross sectional study undertaken 

over a period of one year from May 2015 to April 2016. 

Bronchoalveolar lavage samples from patients with 

lower respiratory tract infections were collected by 

fibreoptic bronchoscopy. Two sets of samples were 

taken, centrifuged at 3000rpm for 15 mts and the 

deposit was processed as follows1. First set of sample 

was used for microscopic examination.  a) Gram’s stain 

procedure  b) Ziehl-Neelsen staining .2. Second set of 

sample was inoculated onto solid media like blood agar, 

chocolate agar and MacConkey agar and incubated at 

37ºC for 24 hrs. Bacterial isolates were identified by 

means of Gram’s staining, motility and biochemical 

reactions by standard microbiological techniques as 

recommended by Clinical and Laboratory Standards 

Institute (CLSI).The isolates were subjected to 

antibiotic sensitivity by the Kirby-Bauer’s Disc 

Diffusion technique on Mueller Hinton agar plates as 

recommended by CLSI. Peptone water culture of the 

bacterial isolates corresponding to 0.5 McFarland’s 

turbidity was used as inoculum. The entire dried agar 

surface was evenly streaked in three different directions 

with a sterile cotton swab dipped into the inoculum [5]. 

Commercial Hi-Media Antibiotic discs were used. 

Maximum six antibiotic discs were used for each 9cm 

diameter petridish. These plates were incubated at 37ºC 

for 16–18 hours in ambient air. The diameters of zones 

of inhibition were interpreted according to CLSI 

standards [6] for each organism. Media and discs were 

tested for quality control using standard strains. The 

antibiotic discs used for gram negative bacilli were 

Amikacin 30µg, Amoxicillin/clavulanic acid 20/10µg, 

Ceftazidime 30 µg, Cefotaxime 30 µg, Ciprofloxacin 5 

µg, Cotrimoxazole 1.25/23.75 µg, Gentamicin 10 µg 

and Imipenem 10 µg.  The antibiotic discs used for 

Gram Positive Cocci were Amikacin 30 µg, 

Amoxicillin/clavulanic acid 20/10 µg, Ampicillin 10 

µg, Ceftriaxone 30 µg, Cefotaxime 30 µg, 

Ciprofloxacin 5 µg, Cotrimoxazole 1.25/23.75 µg, 

Erythromycin 15µg, Oxacillin 1µg and Vancomycin 30 

µg. MIC was performed with Oxacillin by broth 

microdilution method for Staphylococcus aureus 

isolates to detect Methicillin Resistant Staphyloccocus 

aureus (MRSA).Screening was done for ESBL strains 

with Cefotaxime. According to CLSI guidelines, strains 

showing zones of inhibition ≥ 27mm for cefotaxime 

were selected for conformational tests of ESBL. ESBL 

confirmatory test was done with Double Disc Synergy 

test (DDST) and Phenotypic Confirmatory Disc 

Diffusion Test (PCDDT) [7] according to CLSI 

guidelines.  

 

RESULTS:  

Among the 100 patients, 67% of the cases with 

lower respiratory tract involvement were males and 

33% were females. 52% of cases were in the 41-60 

years age group and 23% of cases in the 21-40 years of 

age. Pneumonia (33%) was the most common LRTI 

evaluated by bronchoalveolar lavage sampling, 

followed by lung abscess (16%) and tumours 

(15%).Gram staining was done as screening test for all 

the 100 samples and among them 47 smears showed 

positivity for the organisms. Gram’s staining showed 

sensitivity of 89.5% and specificity of 83%.Out of the 

total 100 samples processed, 54 bacterial agents were 

isolated both as pure and mixed growth from the 

patients with lower respiratory tract infection. The 

organisms isolated were Klebsiella pneumonia 12 

isolates (22.2%), Klebsiella oxytoca 6 isolates (11.1%) 

Pseudomonas aeruginosa 9 isolates (16.7%), 

Acinetobacter spp. 9 isolates (16.7%) Staphylococcus 

aureus 6 isolates (11.1%), Escherichia coli 5 isolates 

(9.3%), Proteus vulgaris 4 isolates (7.4%), 

Streptococcus pneumonia 1 isolate (1.9%) Proteus 

mirabilis 1 isolate (1.9%) and Citrobacter koseri 1 

isolate (1.9%)Among the 54 bacterial cultures, 47 

(87.1%) were gram negative bacilli and 7 (12.9%) were 

gram positive cocci. Majority of the isolated agents 

were gram negative bacilli (87.1%). Klebsiella spp. 

were the most common bacterial isolates in broncho 

alveolar lavage accounting for 33.3% of infection 

followed by Pseudomonas aeruginosa and 

Acinetobacter spp. (16.7%).Acid fast staining was done 

for all the 100 samples, and among them 11(11%) 

samples were found to be positive for Acid Fast Bacilli. 

The one isolate of Strep.pneumoniae was sensitive to all 

the antibiotics. Among the six isolates of 

Staphylococcus aureus, 4 isolates (66.7%) were 

methicillin resistant and 2 isolates (33.3%) were 

methicillin resistant. All the Staphylococcus aureus 

were sensitive to vancomycin. 
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Table-1: Antibacterial Sensitivity Pattern of Gram-Negative Organisms 
Organism  Ampicilli

n 

Cotrimox

azole  

Cefotaxi

me  

Amikacin  Ceftazidime  Gentamic

in  

Ciprofloxa

cin  

Imipenem  

Klebsiella 

pneumoniae (n=12) 

3(25%) 6(50%) 7(58.3%) 10(83.3%) 8(66.7%) 9(75%) 11(91.6%) 12(100%) 

Klebsiella oxytoca 

(n=6)  

3(50%) 2(33.3%) 3(50%) 5(83.3%) 4(66.7%) 3(50%) 4(66.7%) 6(100%) 

Pseudomonas 

aeruginosa (n=9) 

2(22.2%) 3(33.3%) 5(55.6%) 8(88.9%) 7(77.8%) 6(66.7%) 8(88.9%) 9(100%) 

Acinetobacter spp. 

(n=9) 

6(66.7%) 8(88.9%) 6(66.7%) 9(100%) 8(88.9%) 8(88.9%) 8(88.9%) 9(100%) 

Escherichia coli (n=5) 3(60%) 4(80%) 4(80%) 5(100%) 5(100%) 5(100%) 3(60%) 5(100%) 

Proteus vulgaris (n=6) 4(66.7%) 5(83.3%) 5(83.3%) 6(100%) 5(83.3%) 4(66.7%) 4(66.7%) 6(100%) 

Proteus mirabilis 

(n=1) 

1(100%) 0 1(100%) 1(100%) 1(100%) 0 0 1(100%) 

Citrobacter koseri 

(n=1) 

1(100%) 1(100%) 1(100%) 1(100%) 1(100%) 0 0 1(100%) 

 

 
Fig-1: Bacterial Isolates 

 

All the Gram Negative Isolates were sensitive 

to Imipenem. All the isolates were subjected to 

screening test for ESBL. Five  isolates of Klebsiella 

pneumonia (42%), three isolates of Klebsiella oxytoca 

(50%), one of Escherichia coli (20%) and one of 

Proteus vulgaris (25%) were resistant to third 

generation cephalosporins. 10 isolates were selected by 

screening test and subjected for confirmatory tests for 

ESBL. 8 isolates were confirmed as ESBL Producers by 

PCDDT. 

 

DISCUSSION:      
In this study the occurrence of lower 

respiratory tract pathology was found to be more 

common in males (67%) than females (33%). This is 

similar to the study by Karen C.Caroll et al.; in 2002, 

which revealed 62% cases in males.[8] Similar findings 

were observed in the study by Reimer et al.; and 

Leatherman et al.; with 65% and 70% of predominance 

in males respectively [9,10]. The distribution of cases 

was found to be more common in the age group of 41-

60 years (52%) in this study. This observation correlates 

with the study by Karen et al.; in 2002, who reported 

higher prevalence among patients more than 40 years of 

age. The study by Grayston et al.; in 1994, also showed 

a higher prevalence in 41-60 years age group [11]. The 

most common LRTI that required bronchoalveolar 

lavage analysis in this study was found to be pneumonia 

(33%). This was similar to the study by Reimer et al.; in 

1998 and Kahn et al.; which showed higher prevalence 

of pneumonia among the lower respiratory infections.     

 

In the present study, aerobic gram negative 

bacilli were found in 87.1% of isolate. The predominant 
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isolate was Klebsiella spp. (33.3%) followed by 

Pseudomonas aeruginosa (16.7%) and Acinetobacter 

spp. (16.7%). Gram positive cocci were found in 12.9% 

of cases. Staphylococcus aureus was the predominant 

isolate.  A study conducted by Crystal et al.; in 1996 

showed the predominant isolates in bronchoalveolar 

lavage were gram negative bacilli particularly in 

hospital acquired infections [12]. Among those, 

Klebsiella pneumoniae was found in 30%. These 

observations were similar to the study by Bhatia et al.; 

in 2006, where the percentage of Klebsiella spp. was 

32% [13]. The next common isolates following 

Klebsiella spp. were Pseudomonas aeruginosa (16.7%) 

and Acinetobacter spp. (16.7%). This correlates well 

with the study by Frederick et al.; in 1998 [14].       

 

 In the present study, all the samples of 

Bronchoalveolar lavage fluids were screened for 

Mycobacterium tuberculosis by Ziehl Neelsen staining 

method. Among them, 11 samples (11%) were found to 

be positive for Acid Fast Bacilli. In a study by Purohit 

et al.; in 2000, an early diagnosis of pulmonary 

tuberculosis was made in 13% by positive microscopy 

for AFB on BAL [15]. In another study by Getachew et 

al.; Mycobacterium tuberculosis was isolated in 19% 

sample of BAL [16]. The Antibiogram was performed 

for all the bacterial isolates in this study by Kirby-Bauer 

Disc Diffusion Method. All the isolates were 100% 

sensitive to Imipenem. The next most effective drug 

was found to be Amikacin with 94% sensitivity.  These 

observations were similar to the studies of Bartlett JG et 

al.; in 2002 and Sharma et al.; in 2006, where 

Imipenem showed 100% sensitivity and Amikacin was 

effective against 93 to 95% isolates [17, 18]. 

        

Out of the 6 strains of Staphylococcus aureus, 

2 strains (33.3%) showed sensitivity to Oxacillin (1µg 

disc) by disc diffusion method. The other 4 strains 

(66.7%) of Staphylococcus aureus showed resistance to 

Oxacillin (1µg disc) (MRSA). All the 6 isolates of 

Staphylococcus aureus were sensitive to Vancomycin 

(100%). Among the gram negative bacilli, 42% of 

Klebsiella pneumoniae, 50% of Klebsiella oxytoca, 

20% of Escherichia coli and 25% of Proteus vulgaris 

were found to be Extended Spectrum β Lactamase 

producers by screening method. By Phenotypic 

Confirmatory Disc Diffusion Test, 33.3% of Klebsiella 

pneumoniae, 33.3% of Klebsiella oxytoca, 20% of 

Escherichia coli and 25% of Proteus vulgaris were 

confirmed as ESBL producers. Jarlier et al.; reported 

that Klebsiella pneumoniae (48%) was the most 

frequent ESBL producing organism followed by 

Escherichia coli (16.8%) in Bronchoalveolar lavage 

which correlates well with our study. In another study 

by Baker et al.; in 2006, Klebsiella pneumoniae was 

found to be the most common ESBL producing 

organism. In evaluating the screening tests for rapid 

diagnosis of the bacterial in bronchoalveolar lavage, 

Gram’s stain examination of the BAL fluid was 

analysed.  In the present study, the Gram’s stain showed 

sensitivity of 89.5% and specificity of 86%. Prekates et 

al.; in 1998, reported 77% sensitivity and 87% 

specificity of Gram’s stain examination of 

Bronchoalveolar lavage [19]. In a study by 

Allaouchiche et al.; in 2007, the sensitivity of Gram’s 

stain was 90.2% and specificity was 73.7% [20].The 

results of the present study showed the vital role of 

Gram’s stain examination in the diagnosis of Lower 

respiratory tract infections. Although culturing of 

microbial pathogens is considered to be the gold 

standard, direct microscopic evaluation of smears 

provide immediate information about the etiological 

agents and aid in early initiation of antimicrobial 

therapy. 

 

CONCLUSION:  

Lower respiratory tract infections are the major 

cause of morbidity and mortality worldwide. But the 

etiological agents were not determined in 50% of cases 

despite extensive diagnostic testings. Nowadays, 

analysis of Bronchoalveolar lavage plays a definite role 

in diagnosing pulmonary infections. On analysing the 

BAL fluid, Klebsiella spp.  were found to be the most 

common bacterial isolated in lower respiratory tract 

infection. From the present study, the vital role of 

microbiological analysis of BAL fluid is clearly evident 

since the clinical features alone are not adequate to 

confirm infections. A simple Gram’s stain was highly 

beneficial as rapid screening test for diagnosis. 

Antimicrobial susceptibility testing was done for the 

bacterial isolates. Precise identification of the causative 

organisms and timely institution of appropriate 

antimicrobial therapy based on the prevailing sensitivity 

pattern of the bacterial isolates could reduce the 

morbidity and mortality of lower respiratory tract 

infections. 
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