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Introduction:Chronic  respiratory  diseases  are  a  group  of  chronic 

disease  affecting  the  airways  and  other  structures of lungs.  

Common causes of infections in these patients are viruses, bacteria and 

fungi
4
. Respiratory Tract Infection (RTI) is by large one of the leading 

causes of the morbidity and mortality in the world
3
. Early diagnosis and 

proper choice of antimicrobials is crucial   for   management   of   these   

patients. 

Aims and objectives:The Aims and Objectives of this study, is to 

identify the bacteriological and mycological isolates in Broncho-

alveolar lavage fluid and detect antimicrobial susceptibility pattern of 

bacterial isolates. 

Materials and Methods:A total of 203 Broncho-alveolar lavage fluid 

in paired samples obtained from patients were analyzed.The pathogens 

were identified and speciated by using the set of biochemical reactions 

as per standard reference. 

Results:This prospective study was done for a period of twelve months 

(September 2017 to August 2018) with 203 Broncho-alveolar lavage 

fluid samples. Growth was observed in 115 samples (56.65%). Of the 

culture positive samples, 77(67%) were bacterial, 21(18%) samples 

were mycobacterium tuberculosis and 17 (16%)   were fungal isolates. 

The most common bacterial isolate was Klebsiellapneumoniae 

(28.57%), followed by Staphylococcus species (24.64%), Escherichia 

coli (20.77%), Pseudomonas species (14.28%), and Acinetobacter 

species (11.68%). Among the Staphylococcus aureus isolates,40% were 

Methicillin resistant and 60% were Methicillin sensitive.The fungal 

isolates were 

Candida(35.29%),Aspergillus(29.41%),(17.64%),Penicillium(11.76%)a

nd Paecilomyces (5.88%). 

Conclusion:Systematicculture of BAL fluidgives a definite diagnosis 

of chronic pulmonary infections which would guide in selection of 

appropriate antimicrobials for management of pneumonia..A study like 

this would help and guide the physicians in prescribing the right 

combinations of anti-microbial to limit and prevent the emergence of 

multi-drug resistant strains of Bacteria. 
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Introduction:- 
Chronic  respiratory  diseases  are  a  group  of  chronic disease  affecting  the  airways  and  other  structures of 

lungs
1
. They present with symptoms of cough with sputum production,breathlessness and chest pain 

1
. Common 

causes of infections in these patients are viruses, bacteria and fungi
4
.Respiratory Tract Infection is by large one of 

the leading causes of the morbidity and mortality in the world
3
.Early diagnosis andtreatment with the properchoice 

of antimicrobials is crucial   for   management   of   these patients. 

 

Routine non-invasive investigations for bacterial pneumonia include sputum sampling, blood cultures, and urine 

antigen detection. The sputum Gram stain is rarely informative, and the yield of sputum bacterial cultures is low, 

although it improves with optimal sampling and absence of prior antibiotic therapy.Quantitativeculture 

approach tries to discriminate between bacterial colonization and true bacterial infection by determining the 

bacterial burden
4
. 

 

Bronchoalveolar lavage (BAL) is a medical procedure in which a bronchoscope is passed through the mouth or nose 

into the lungs
2
. Fluid is then squirted into the small parts of the lung and then recollected for analysis

2
. The main 

constituents of BAL fluid originate from secretions of the alveoli
2
. When sputum induction is not possible, such as 

in ventilator-associated pneumonia (VAP), the value of Broncho-alveolar lavage (BAL) fluid culture is significant, 

as the survival rate is dependent on the empirical therapy
4
. The advent of bronchoscopy and quantitative invasive 

techniques like Broncho-alveolar lavage   has   improved   sensitivity   and   specificity   of diagnostic techniques in 

diagnosis of pulmonary infections
2
. 

 

It has been reported that clinical microbiologists in diagnostic laboratories have a critical role to play in the 

diagnosis and management of Lower Respiratory Tract Infection, as overtreatment of acute uncomplicated 

pulmonary infections led to unparalleled levels of multi drug resistance among pathogens.
3 

 

Aims and objectives:- 
The Aims and Objectives of this study,is to identifythe bacteriological and mycological isolates in Broncho - 

alveolar lavage fluid and detect antimicrobial susceptibility pattern. 

 

Materials and Methods:- 
This study was done in the Department of Microbiology, Stanley Medical College-Chennai. Bronchoscopy was 

done as an outpatient procedure and the lavage fluid samples received in the Microbiology Department were 

analyzed. This is a prospective study done from September 2017to August 2018. A total of 203 Broncho-alveolar 

lavage fluids in paired samplesobtained from patients were analyzed. 

 

Themicrobiological analysis included Gram's staining,AFB staining,bacterial culture, fungal culture and 

antimicrobial susceptibility testing. 

 

Bacteriology: 

Broncho-alveolar lavage fluid (BAL) specimens were mixed andspread on 2 cm diameter area on microscopy 

slideswith 4mm loop. The smears allowed to dry fixed and stained with Gram's staining .The number of bacteria per 

oil immersion field reported. Semi-quantitative loop method was used for culture. Two mm diameter loop was 

usedto spreadsample on MacConkey agar, Chocolate agar(plate kept in candle jar) and blood agar plates incubated 

at 37
 0
 C for 24 hr. 

 

After 24 hour incubation, the plates were observed for the following morphological characters of the colony growth 

such as size, shape, elevation, odor, pigmentation and haemolysis. The colonies were counted and multiplied by 100 

as 0.01 ml of BAL fluid was used for inoculation and the number of Colony Forming Units (CFU) per ml is 

determined .Diagnostic threshold for BAL was taken as 10
4
 CFU per ml followed by Microscopy and Gram 

staining. 

 

The Gram Positive and Gram Negative Bacterial isolates were further identified and species identifications were 

done by using the set of biochemical reactions as per standard reference. The following biochemical tests were put 

https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-lavage
https://www.sciencedirect.com/topics/medicine-and-dentistry/bronchoscope
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/alveolus
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up for identification of Gram Positive isolates.-Catalase Test, Coagulase test (Slide and Tube method), O.F Sugars 

(Oxidative Fermentative Sugars) and Mannitol Fermentation tests. 

 

The following tests were performed for the Gram Negative isolates- Catalase test, Hanging Drop test for Motility, 

Oxidase test. IMViC Reaction (Indole test, Methyl red test, VogesProskauer test, Citrate test) and Urease test. Sugar 

Fermentation tests using 1% primary sugars & TSI. 

 

Antibiotic sensitivity testing of all isolates was done by Kirby Bauer‟s disc diffusion method on Muller Hinton agar 

and results were interpreted as per CLSI guidelines
14

. Standard antibiotic discs like Amikacin (30mcg), Amoxy-clav 

(20/10mcg), Ampicillin (30mcg), Penicillin Cefipime (30mcg), Cefoxitin(30mcg), Cefotaxime (30mcg), 

Ceftazidime (30mcg),  Ciprofloxacin (5mcg), Levofloxacin Clindamycin (2mcg),  Cotrimoxazole (25mcg), 

Erythromycin (15mcg), Gentamicin (10mcg), Imipenem (10mcg), Meropenem Linezolid (30mcg), 

Piperacillin/tazobactam (100/10mcg), ChoramphenicolTeicoplanin (30mcg), Tetracycline (30mcg), Tigecycline and 

Vancomycin (30mcg) were used. E-strips were used to determine MIC values for Colistin&Tigecycline for Gram 

negative bacilli and Vancomycin for Staphylococcus aureus. 
 

Fungus and AFB study:  
Ten ml of each sample were centrifuged at 3000 rpm for 20 min and the deposits were wet mounted with 

10%potassium hydroxide for fungus examination and acid fast staining smear examination by Kinyoun‟s technique. 

The samples from the deposits were inoculated onto Sabourauds agar slants for fungus culture and Lowenstein 

Jensen slants for mycobacterial culture.Fungus culture was incubated at 30
o
C aerobic conditions for 4 weeks.All the 

species found in the culture isolates were identified by standard methods.  

 

Statistical Analysis:- 
Data were collected and analyzed using SPSS software by descriptive statistical methods by computing means and 

proportion with95% confident interval .A „p‟ value than less 0.05 was considered as statistically significant. 

 

Results:- 
A total of 203 samples were analyzed using the standard protocols. Among these 126 were male and 77 were 

female. 

 

Table-1:- Age and sex wise distribution of the cases. 

 

Maximum samples received were males with 62%,with predominant age group of 51 to 60 years  

 

Pathogens Isolated:- 

The analysis revealed pyogenic infections of 48% (77), fungal infections 14% (17) and 17% Tubercular infections 

(21) as shown in fig 1.   

 

 

 
 

 

 

 

 

S. No Age group  

(in years) 

Male Female Total Percentage 

1 18-30 19 10 29 14% 

2 31-40 21 17 38 18% 

3 41-50 28 21 49 24% 

4 51-60 34 18 52 25% 

5 61 and above 24 11 35 17% 

 Total 126(62%) 77(38%) 203  
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Fig 1:- Pie chart of Pathogens Isolates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2:- Bar chart of bacterial Isolates. 

 
 

 

Fig 2 shows that of the total 77 organisms isolated,22 were Klebsiellapneumoniae, 16 were Escherichia coli,9 were 

Acinetobacter,11 were Pseudomonasand 19 wereStaylococusaureus. 

 

Table 2:- Antimicrobial sensitivity of Gram negative Bacilli. 

 

22

16

9
11

19

0

5

10

15

20

25

Klebsiella 

pneumoniae 

Escherichia coli Acinetobacter 

species

Pseudomonas 

species

Staphylococcus 

aureus

Total number of bacterial  Isolate = 77

Drugs Klebsiellapneumoniae (22) Escherichia coli (16) 

Ampicillin 0 6 
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Fig 3:- Bar chart showing Antimicrobial sensitivity of Gram negative Bacilli. 

 
 

Klebsiellapneumonia and E-coliwere highly sensitive to Tigecycline,Colistin,Imipenem,Aztreonam .Moderately 

sensitive to Piperacillin-Tazobactam,Amikacin,Levofloxacin,Ciprofloxacin ,Meropenem and least sensitive to 

Amoxycillin-Clavulanate and Cefotaxime as shown in Fig3. 

 

Table 3:- Antimicrobial sensitivity of non-fermenting Gram negative Bacilli. 

Drugs Acinetobacter spp. 9 Pseudomonas spp.11 

Gentamicin 44 54 

Ciprofloxacin 55 45 

Piperacillin-Tazobactam 77 81 

Ceftazidime 44 45 

Cotrimoxazole 55 IR 

Amikacin 66 72 
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Klebsiella pneumoniae (22) Escherichia coli (16)

Amikacin 63 75 

Piperacillin-Tazobactam 68 88 

Cotrimoxazole 45 49 

Cefepime 22 18 

Imipenem 77 87 

Meropenem 53 88 

Ciprofloxacin 36 37 

Levofloxcin 45 56 

Tetracycline 27 38 

Aztreonam 86 87 

Tigecycline (E-MIC) 100 100 

Colistin (E-MIC) 100 100 
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Imipenem 88 90 

Cefepime 22 27 

Meropenem 88 72 

Tetracycline 55 IR 

Levofloxacin 55 54 

Tigecycline (E-MIC) 100 IR 

Aztreonam IR 72 

Chloramphenicol IR IR 

Colistin (E-MIC) 100 100 

 
Fig 4:- Bar Chart of Antimicrobial sensitivity of non-fermenting Gram negative Bacilli. 

Pseudomonassps were highly sensitive to Colistin,Imipenem,Piperacillin-Tazobactam, Meropenem and Aztreonam. 

Acinetobactersps were highly sensitive Colistin, Tigecycline,Meropenem and Imipenem as shown in fig 4. 

 

Table 4:- Antimicrobial sensitivity of Gram positive Cocci. 

Antibiotics MSSA9 MRSA 6 CONS4 

Penicillin 11 0 25 

Erythromycin 33 16 25 

Clindamycin 44 33 50 

Gentamicin 77 66 75 

Cotrimoxazole 55 50 75 

Levofloxacin 88 66 75 

Teicoplanin(E-MIC) - 100 100 

Linezolid 100 100 100 

Cefepime - - - 

Tetracycline - - - 

Vancomycin(E-MIC) - 100 - 
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Fig 5:- Bar chart of Antimicrobial sensitivity of Gram positive Cocci. 

 
 

Staylococusspecies were the only gram positive cocci pathogens isolated. Methicillin sensitive 

Staylococusaureuswere 9 and resistant were 6.Cogulase Negative Staylococusaureus were 4. All were highly 

sensitive to Linezolid as shown in fig 5. 

 

Fungal Isolates: 

Fig 6:- Bar Chart of Fungal Isolates 

 
 

Fungal pathogens detected were17 consisting of Aspergillus, Paecilomyces, Penicillium, Rhizopus and Candida 

albicans and non albicans as shown in fig 6. Gram's staining was 87% sensitive correlating with culture positive. 

 

Discussion:- 
A total of 203 BAL samples were evaluated.In this study the most of the chronic respiratory diseases belong to51-60 

years  with 25% closely followed by 41-50 years with 24% comparable to the results in a study done by Syed Abdul 

Bari and Maimoona Mustafa. Predominance of male (62%) over female patients (38%) can be explained by the fact 

that males are exposed because of their mobility as compared to females.  

 

Of the culture positive samples, 77 (67%) were bacterial infection, 21 (18%) samples were mycobacterium 

tuberculosis and 17 (16%) were fungal isolates.  

 

The most common gram negative bacterial isolate was Klebsiellapneumoniae (28.57%)   which correlates with 

studies conducted byVivek KU, Nutan Kumar DM,Butin contrast to the study conducted by Rahul Magazine, 

BhartiChogtuetal which showed d Pseudomonas aeruginosa.  The other bacteria were Escherichia coli (20.77%), 

Pseudomonas species (14.28%) and Acinetobacterspp(11.68%). 
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Staphylococcus aureus species(12.86%) were the common gram positive cocci in this study, similar to the study 

bySyed Abdul Bari and Maimoona Mustafa.Among Staphylococcus aureus 40% were Methicillin resistant and 60% 

were Methicillin sensitive.  

 

Klebsiellapneumoniae and E-coli were highly sensitive to Tigecycline,Colistin,Imipenem, and Aztreonam. They 

were moderately sensitive to Piperacillin-Tazobactam,Amikacin,Levofloxacin,Ciprofloxacin,and Meropenem. But 

they were leastsensitive to Amoxycillin-Clavulanate and Cefotaxime. These findings correlate with the study done 

by Rahul Magazine, BhartiChogtuetal. 

 

Non-fermenting Gram negative Bacilli:Pseudomonasspecies were highly sensitive to Colistin,Imipenem, 

Piperacillin-TazobactamMeropenem and Aztreonam. Acinetobacterspecies were highly sensitive Colistin, 

Tigecycline,Meropenem and Imipenem. 

 

The fungal isolates were Candida species (35.29%),Aspergillus species (29.41%), Rhizopus(17.64%), 

Penicillium(11.76%)and Paecilomyces (5.88%). 

 

Conclusion:- 
Systematicculture of BAL fluidgives a definite diagnosis of chronic pulmonary infections which would guide in 

selection of appropriate antimicrobials for management of pneumonia.The microbiologic profile of the BAL fluid 

isolated from the chronic respiratory infections shows predominance of gram negative pathogen. With increasing 

incidence of antibiotic resistance in gram negative isolates mainly because of indiscriminate use of empirical 

antibiotics.A study like this would help and guide the physicians in prescribing the right combinations of anti-

microbial to limit and prevent the emergence of multi-drug resistant strains of Bacteria. 

 

Reference:- 
1. Dr. VivekKuexNutan Kumar DM, March, 2016/Vol 4/Issue 3, International Journal of Medical Research and 

ReviewSenior Resident, Department of Pulmonary Medicine, Kempegowda Institute of Medical Sciences , 

Bangalore,march-2016 India. 

2. “J.W. Guthrie, in Comprehensive Sampling and Sample Preparation, 2012-“Extraction Techniques and 

Applications: Biological/Medical and Environmental/Forensics”. 

3. Syed Abdul Bari and Maimoona Mustafa-“ A study on bacterial isolates from bronchoalveolar lavage (BAL) 

fluid obtained from patients with pulmonary infections –in tertiary care hospital, hyderabad”International 

Journal of Recent Scientific Research Vol. 9, Issue, 6(E), pp. 27531-27535, June, 2018. 

4. Purushothama V. Dasaraju and Chien Liu. “Infections of the Respiratory System” Medical Microbiology. 

5. Microbiological profile of bronchoalveolar lavage fluid in patients with chronic respiratory diseases” 

6. Neal R. Chamberlain, Ph.D.Professor, Department of Microbiology/ImmunologyA.T. Still 

University/Kirksville College of Osteopathic Medicine –“Infectious Diseases 2017-2018” 

7. Gregory Dubourg, Cedric Abat, Jean-Marc Rolain, Didier Raoult,  E. Munson, EditorCorrelation between Sputum 

and Bronchoalveolar Lavage Fluid Cultures 

8. Samuel M. Gonçalves
1,2

, Katrien Lagrou
3,4

, Claudia S. Rodrigues
1,2

, Claudia F. Campos
1,2

, Leticia Bernal-

Martínez
5
, Fernando Rodrigues

1,2
, Ricardo Silvestre

1,2
, Laura Alcazar-Fuoli

5
, Johan A. Maertens

3,6
, Cristina 

Cunha
1,2

 and Agostinho Carvalho
1.
 “Evaluation of Bronchoalveolar Lavage Fluid Cytokines as Biomarkers for 

Invasive Pulmonary Aspergillosis in At-Risk Patients” 

9. G. C. Bhatia, N. Hemvani, D.S. Chitnis“Role of broncho alveolar lavage in pulmonary infections”- Lung India 

2006; 23 : 147-150. 

10. Deborah A. Hogan,
1, 

Sven D. Willger,
1
 Emily L. Dolben,

1
 Thomas H. Hampton,

1
 Bruce A. Stanton,

1
 Hilary G. 

Morrison,
2
 Mitchell L. Sogin,

2
 Julianna Czum,

3
 and Alix Ashare

4 
“Analysis of Lung Microbiota in 

Bronchoalveolar Lavage, Protected Brush and Sputum Samples from Subjects with Mild-To-Moderate Cystic 

Fibrosis Lung Disease”PLoS One.2016. 

11. F W Kahn and J M Jones “Analysis of bronchoalveolar lavage specimens from immunocompromised patients 

with a protocol applicable in the microbiology laboratory”.J ClinMicrobiol. 1988 Jun. 

12. Pierre H. H. Schneeberger, Janice Prescod, Liran Levy, David Hwang, TerezaMartinu & Bryan 

Coburn “Microbiota analysis optimization for human bronchoalveolar lavage fluid”. 

13. Iris De Schutter
1
, Elke De Wachter

1
,  Denis Pie´rard

2
,Francxoise Crokaert

2
 , Jan Verhaegen

3
, 

OrianeSoetens
4
and Anne Malfroot “Microbiology of Bronchoalveolar Lavage Fluid in Children With Acute 

https://www.sciencedirect.com/referencework/9780123813749
https://www.sciencedirect.com/science/article/pii/B978012381373200065X
https://www.sciencedirect.com/science/article/pii/B978012381373200065X
https://www.sciencedirect.com/science/article/pii/B978012381373200065X
http://www.frontiersin.org/people/u/494591
http://www.frontiersin.org/people/u/458979
http://www.frontiersin.org/people/u/483160
http://www.frontiersin.org/people/u/483160
http://www.frontiersin.org/people/u/136553
http://www.frontiersin.org/people/u/59225
http://www.frontiersin.org/people/u/44807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hogan%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Willger%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dolben%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hampton%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stanton%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morrison%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morrison%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morrison%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sogin%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Czum%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashare%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26943329
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4778801/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kahn%20FW%5BAuthor%5D&cauthor=true&cauthor_uid=2838515
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=2838515
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC266552/
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


ISSN: 2320-5407                                                                              Int. J. Adv. Res. 8(12), 867-875 

875 

 

Nonresponding or Recurrent Community-Acquired Pneumonia: Identification of 

NontypeableHaemophilusinfluenzae as a Major Pathogen”- Microbiology of CAP in Children d CID 2011:52 

(15 June). 

14. P. Zak, E. Vejrazkova, A. Zavrelova, L. Pliskova, L. Ryskova, P. Hubacek, V. Stepanova, M. Kostal, V. 

Koblizek, P. Paterova & JakubRadocha “BAL fluid analysis in the identification of infectious agents in patients 

with hematological malignancies and pulmonary infiltrates” Folia Microbiologica volume 65, pages109–

120(2020). 

15. Keith C. Meyer, Ganesh Raghu, Robert P. Baughman, Kevin K. Brown, Ulrich Costabel, Roland M. du Bois, 

MarjoleinDrent, Patricia L. Haslam, Dong Soon Kim, Sonoko Nagai, Paola Rottoli, CesareSaltini, Moise´s 

Selman, Charlie Strange, and Brent Wood, on behalf of the American Thoracic Society Committee on BAL in 

Interstitial Lung Disease. “The Clinical Utility of Bronchoalveolar Lavage Cellular Analysis in Interstitial Lung 

Disease”- An Official American Thoracic Society Clinical Practice Guideline January 2012. 

16. Montserrat Saladié, Jose Antonio Caparrós-Martín
1,2

, Patricia Agudelo Romero, Peter A. B. Wark, Stephen M. 

Stick and Fergal O‟Gara“Microbiomic Analysis on Low Abundant Respiratory Biomass Samples; Improved 

Recovery of Microbial DNA From Bronchoalveolar Lavage Fluid” Front. Microbiol., 06 October 2020 

17. La zaroVeleza,d,, Luz TeresitaCorread , Maria Angelica Mayad , Patricia Mejıad , Jorge Ortegab, Victoria 

Bedoyac , He ctorOrtegab“Diagnostic accuracy of bronchoalveolar lavage samples in immunosuppressed 

patients with suspected pneumonia: Analysis of a protocol”. 

18. K.C. Meyer, G. Raghu-European Respiratory Journal 2011 38: 761-769; “Bronchoalveolar lavage for the 

evaluation of interstitial lung disease: is it clinically useful?” 

19. Rahul Magazine
1
, Bharti Chogtu

2
, Shobitha Rao

1
, Kiran Chawla

3”
Bacterial isolates from the bronchoalveolar 

lavage fluid of patients with pneumonia not responding to initial antimicrobial therapy”.  

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/12223
https://www.frontiersin.org/people/u/1011517
https://www.frontiersin.org/people/u/1003047
https://www.frontiersin.org/people/u/334527
https://www.frontiersin.org/people/u/1041687
https://www.frontiersin.org/people/u/944116
https://www.frontiersin.org/people/u/944116
https://www.frontiersin.org/people/u/944116
https://www.frontiersin.org/people/u/103359
https://www.smjonline.org/searchresult.asp?search=&author=Rahul+Magazine&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.smjonline.org/searchresult.asp?search=&author=Bharti+Chogtu&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.smjonline.org/searchresult.asp?search=&author=Shobitha+Rao&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.smjonline.org/searchresult.asp?search=&author=Kiran+Chawla&journal=Y&but_search=Search&entries=10&pg=1&s=0

