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Background : Lower Respiratory Tract Infections (LRTIs) are among the most common infectious diseases of
humans worldwide. LRTIs produce between 5 and 10% of all deaths reported to the Center for Disease Control and
Prevention (CDC) via the 122 Cities Mortality Reporting System. Broncho Alveolar Lavage (BAL) of a lung sub segment
samples a large area of alveolar surface and sensitive tool in diagnosing pulmonary infections.

Aims and Objectives : The present study aimed to isolate and identify the bacteria from BAL samples to know the
incidence of different conditions in LRTIs.

Materials and Methods : Prospectively BAL samples were collected under aseptic precautions based on protocol
from clinically suspected cases of LRTIs who attended the Pulmonology Department ASRAM Hospital and
microbiologically processed using standard microbial methods.

Results : Out of 150 cases of LRTIs, incidence of pneumonia was high 61(40.6%). Among 150 cases 120 were
bacterial culture positives and among them Gram-positive isolate Staphylococcus aureus 40(26.6%) was predominant
and among Gram-negative isolate the common isolate was Klebsiella Pneumoniae 20(13.3%). In the antimicrobial
susceptibility testing, Gram-positive isolates showed maximum sensitivity to Cefotaxime (95%),  Ceftriaxone (95%),
Cefoxitin (90%), Vancomycin (100%), Amoxicillin (100%). The Methicillin resistant Staphylococcus aureus incidence
was 10% in the current study. The Gram-negative isolates showed maximum sensitivity of 90% to Cefoperazone/
Sulbactam, 80% sensitive each to Imipenem and Ciprofloxacin and at the same time Pseudomonas species showed
100% sensitive to Piperacillin/ Tazobactam, Carbenicillin, Tobramycin.

Conclusions : Early diagnosis and proper choice of antimicrobials is crucial for management of LRTI cases to
reduce morbidity and mortality in the present clinical scenario.

[J Indian Med Assoc 2024; 122(4):  56-60]
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Editor's Comment :
The emergence of resistant strains poses a major threat to
the patients globally, Broncho Alveolar Lavage (BAL) has
improved sensitivity and specificity in the diagnosis of
pulmonary infections to strat initial empiric therapy, to reduce
drug resistance and reduce morbidity and mortality.

Infections of the respiratory tract are an unrelenting
and insidious health concern that puts an immense

strain on society. Consultation and hospitalization are
common causes. Lower Respiratory Tract Infections
(LRTIs) are the world’s most prevalent human infectious
diseases and are responsible for highest morbidity and
mortality, including in India. Infections of the lower
respiratory tract cause a variety of diseases, from acute
bronchitis to cases of pneumonia1.  For all patients
with infectious diseases visiting Outpatient clinics in
tertiary care hospitals, LRTIs are responsible for 6
percent and 4.4 percent of hospital admissions2. They
account for 3%-5% deaths in adult up to the age of 60
years3. According to WHO (2004) figures, chronic

respiratory diseases account for 4 million deaths
annually in India, leading to 5% of global deaths1.  The
burden of chronic respiratory diseases was estimated
to account for 4% of the global burden and 8.3% of the
burden of chronic diseases in 2005, calculated in
Disability-adjusted Life Years (DALY)1. In less than 50
percent of patients with pneumonia, sputum culture
produces diagnosis4. In hospitals with bronchoscopy
facilities, samples of Broncho Alveolar Lavage (BAL)
can be collected and the relevant bacterial pathogens
isolated to direct therapy1.  Lower Respiratory Tract
Infection management is a challenge in terms of
reasonable antimicrobial use, especially with regard
to a wide range of antimicrobial agents. In addition,
the advent of resistance to a wide variety of antibiotics
has drawn attention to the need for improved testing
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techniques and the development of new drugs to allow
for much more precise therapy. This knowledge will
enable doctors to understand the bacterial pathogens
among the different isolates, along with the pattern of
antibiotic sensitivity.

The present study was aimed to isolate and identify
the bacteria from BAL specimens and to observe the
antimicrobial susceptibility testing pattern which will
help to control the incident rate of Lower Respiratory
Tract Infection so as to reduce the morbidity and
mortality of the lower respiratory tract infected patients.
The study also helps to know the incidence of different
conditions in the LRTIs.

MATERIALS AND METHODS

This present study was a prospective study
conducted in the Department of Microbiology, Alluri
Sita Rama Raju Academy of Medical Sciences
(ASRAM), Eluru, Andhra Pradesh, India. The total
number of 150 bronchial wash (BAL) samples were
collected with aseptic precautions based on protocol
from clinically suspected cases of LRTIs from both
Outpatients (OP) and Inpatients (IP) who attended the
Pulmonology Department, GEMS Hospital, Srikakulam
from April, 2021 to October 2021, ie, for a period of 7
months. Exclusion criteria includes age younger than
15 years of age, use of anti-platelet drugs, use of anti-
vitamin K medications, coagulation failure, opposition
from patient, bronchospasm.

The protocol was approved by the ethics review
committee of the hospital. Review of clinical records
patient demographics (gender, age and smoking
status) and clinical characteristics (co morbidities,
symptoms and physical signs) were obtained and
reviewed. The bronchoscopy was performed by the
physician by fiber optic flexible bronchoscopy and
transported to microbiology lab immediately. Samples
were carefully observed for consistency, specific color
and odour. All the samples were cultured on
MacConkey agar, sheep blood agar and chocolate
agar. Plates were incubated at 37°C overnight. The
next day, the growth on the petridishes was observed
and the bacterial isolates were identified according
to standard protocol (as shown in Figs 1-7).  For
aerobic bacterial isolates, identification was done by
culture 104 CFU/ml. Sensitivity to various antibiotics
was assessed using the disk-diffusion method by
Kirby-Bauer disc diffusion method.The procedure was
performed according to CLSI guidelines (CLSI
Catalogue, 2016).

RESULTS

Out of 150 cases of LRTI majority of cases
65(43.33%) belong to age group ie, 45 to 59 years of
age and 112 (74.67%) were males. Majority of cases
116 (77.3%) belong to rural area. Out of 150 cases of
LRTIs, incidence of pneumonia was high 61(40.6%).

Fig 1 — Bacterial growth on
different culture media (Nutrient
Agar, Blood Agar, Mac Conkey

Agar)

Fig 2 — Bio-chemical Reactions of
Escherichia coli. Indole +ve, MR
+ve, VP –ve, Citrate –ve, TSI A/A

with Gas, Urease –ve Fig 3 — Bio-chemical reactions of
klebsiellapneumoniae from left to right – sugar

fermentation of glucose, lactose, sucrose, mannitol with
the production of acid and abundant Gas, nitrate

reduction, indole –ve, MR -Ve, VP +ve, citrate
+ve,urease +ve, TSI – K/A with gas

Fig 4 — Identification of pseudomonas spp

Fig 5 — Growth And Identification of
Staphylococcus Aureus

Fig 6 —  Identification of Streptococcus Pneumoniae

Fig 7 — Positive Bile
Esculin Test for

Enterococcus spp
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Smoking was found to be the most Common risk
factors among all cases. Among different groups of
lower respiratory tract cases incidence of bacterial
culture positives was highest in pneumonia cases
48(40%) followed by COPD 32 (26.6%). Among 150
cases 120 were bacterial culture positives,
predominance isolate was Staphylococcus aureus 40
(26.6%), followed by Streptococcus Pneumoniae 24
(16.0%), Klebsiella Pneumoniae 20(13.3%),
Pseudomonas species 15 (12.5%), Enterococcus
species 11 (7.3%), Escherichia coli 10(6.6%) (Table 1).
Antimicrobial resistance among Gram-positive and
Gram-negative organisms in isolates from BAL fluid
was shown in Tables 2 & 3 and Figs 8&9 respectively.

DISCUSSION

Due to their prevalence and economic effects and
a significant cause of mortality and morbidity
worldwide, Lower Respiratory Tract Infections are a
public health problem in both developed and developing
countries. This research was conducted to test
infectious bacterial agents in patients with LRTIs and
to determine their susceptibility to various antibiotics.
In this study, majority of cases 65(43.33%) belong to
age group 45-59 years with male predominance which
correlated with the study conducted by Tripathi Purti,
et al (2014)5 and Dey, et al (2007)6  and reason might
be due to age related physiological changes, reduced
immunity, malnutrition. Majority of the cases belong
to rural area compare to urban area which is similar to
Agnihotram, et al (2005)7 and might be due to lack of
knowledge of the occurrence of infections of the lower
respiratory tract with their lifestyle in unhealthy areas,
overcrowding, indoor pollution exposure, soil-cooking
fuels, poor sanitation conditions. The present study
yielded positive bacterial BAL cultures in 80% of the
cases of LRTIs, incidence of bacterial culture positives
was highest 48(40%) in pneumonia cases followed by

Table 1 — Spectrum of bacterial isolates from BAL fluid

Types of organism isolated Male Female Total
n= 85 n=65 n=150

Staphylococcus aureus 28 12 40(26.6%)
Streptococcus pneumonia 12 12 24(16.0%)
Enterococcus spp. 5 6 11(7.3%)
Klebsiella Pneumoniae 14 6 20(13.3%)
Pseudomonas species 10 5 15(12.5%)
Escherichia coli 7 3 10(6.6%)

Table 2 — Antimicrobial sensitivity pattern of Gram-positive
isolates from BAL fluid

Table 3 — Gram-negative organism’s antibiotic sensitivity and
resistance pattern
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COPD 32 (26.6%) which was similar to Goto, et al
(2006)8 (50.8%) in pneumonia. Out of 120 bacterial
isolates among Gram-positive bacteria,
Staphylococcus aureus was highest 40(26.6%)
followed by Streptococcus Pneumoniae 24(16.0%) and
Enterococcus species 11(9.1%). Other studies Bajpai,
et al (2013)9 (3.55%), Goto, et al (2006)8 (20.9%),
Moisoiu, et al (2007)10 (54.1%), Abdul Kashmet, et al
(2014)11 (20.6%) also showed Staphylococcus aureus
as most common isolated organism, reason might be
due to multidrug resistant Staphylococcus aureus, high
rate of carriers for Staphylococcus among hospital
staffs and nosocomial infections. But it is dissimilar
to study done by Latabaswanna and Pradnyashankar
(2015)12 where Streptococcus pneumoniae is the
dominant isolate. Among Gram-negative organisms,
the isolation of Klebsiella pneumoniae was high
20(16.6%) followed by Pseudomonas Species
15(12.5%), E coli 10(6.6%) but other studies Bajpai,
et al (2013)9, Latabaswanna and Pradnyashankar, et
al (2015)12 showed Pseudomonas Species as most
common which is dissimilar to this study. Another
study Abdul Kashmet, et al (2014)11 showed equal
number of Klebsiella species and Pseudomonas
species. Klebsiella is a part of normal flora of the mouth
and most widely associated with pneumonia in a
hospitalized patients and elderly. Hence, its
predominance may be related to more elderly
population in our study. Among Gram-positive
antibiogram Staphylococcus aureus more sensitive to
cefotaxime (95%), ceftriaxone (95%), cefoxitin (90%)
followed by amikacin (90%) Azithromycin (87.5%) and

Fig 9 — Antimicrobial sensitivity pattern of Gram-negative
Organisms

Fig 8 — Antimicrobial sensitivity pattern of Gram-positive
Organisms

low sensitivity rate was seen in ciprofloxacin (57.5%).
In this study, methicillin resistant Staphylococcus
aureus was 10% similar to study done by Kitara
Anywar, et al (2011) 13, Maciel, et al (2012)14, Masood
and Nousheen, et al (2010)15, Manikandan and Amsath,
et al (2013)16, but not similar to study done by Falcone,
et al (2002)17 where methicillin resistance was 30%.
In this study Streptococcus Pneumoniae showed more
sensitivity to Amoxycillin/Clavulanate (95.8%),
Penicillin (91.6%), Cefuroxime (87.5%), cefotaxime
(83.3%) highest resistance was seen in Trimethoprim/
sulfamethoxazole (25%) similar to Tribuddharat, et al.
(2008)18, Naaber, et al (2006)19. Enterococcus species
showed 100% sensitive to Amoxicillin and Vancomycin
dissimilar to study done by Oncu, et al20 (2004), where
Enterococcus showed maximum resistance to
Vancomycin. Among Gram-negative antibiogram
Klebsiella Pneumoniae showed 90% Cefoperazone/
Sulbactam, 80% sensitive each to Imipenem and
Ciprofloxacin,75% sensitive to Gentamycin similar to
study done by Ravi Chitra, et al (2014)21, Archana
Singh, et al (2011) 22 which shows high sensitive to
Quinolones, Aminoglycosides, Amikacin, Gentamycin.
Escherchia coli isolates showed maximum sensitivity
to Imipenem, Cefoperazone-Sulbactam, Cefotaxime
similar to Kibert, et al (2011)23, Kmar, et al (2015)24

but dissimilar to Chaudhary, et al (2012)25 which shows
low sensitive to Imipenem, Cefoperazone/Sulbactam,
Gentamycin.in this study Pseudomonas species
showed 100% sensitive to Piperacillin/Tazobactam,
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Carbenicillin, Tobramycin, 93.3% sensitive to
Imipenem which was similar to study done by
VireJaviya, et al (2008) 26, Rakesh Kumar, et al (2015)27

but dissimilar to Latabaswanna and Pradnyashankar,
et al (2015)12 showing maximum resistance to
Piperacillin/Tazobactam.

CONCLUSION

So based on the observations in this study it was
customary for pulmonologist that all the clinically
suspected LRTI cases attending the Department of
Pulmunology should be tested with patients BAL
specimens by Bronchoscopy and those specimen
should be processed in the Microbiology Department
by various microbiological diagnostic tests for the
confirmation of LRTI as observed in this study so as
to start early specific treatment with specific antibiotics
to treat LRTI cases to reduce morbidity and mortality.
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