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Abstract 
Aim: This study aimed to determine the bacterial profile of pneumonia cases and its 
antibiogram. 
Methods: The present study was conducted at Department of microbiology, AIIMS, Patna, 
Bihar, India for a period of 12 months and 100 patients meeting all the inclusion criteria 
enrolled for the study. Institutional ethical committee clearance was obtained and written 
consent taken from the parent/ guardian in case of a minor before the beginning of the study. 
Results: Out of the total 100 patients meeting all the inclusion criteria enrolled for the study, 
70(70%) were male and 30(30%) were female. All age groups were considered for the study 
but most of them 30 (30%) were between 60-69 years. Out of 75 samples which yielded 
causative agents, 60 yielded single isolate and 15 yielded double isolates. Amongst the 
bacteria isolated 9 (12%) were Gram positive and 66 (88%) were Gram negative. 
Staphylococcus aureus (4, 44.4%), Coagulase negative Staphylococcus (4, 44.4%) and 
Pneumococci (1, 11.2%) were the common Gram-positive bacteria isolated. Among the 
Gram-negative bacteria, the commonest organism isolated was Klebsiella species (27, 
40.90%) followed by Pseudomonas species (20, 30.30%), Acinetobacter (9, 13.63%), E. coli 
(9, 13.63%) and Providencia spp (1, 1.51%). Among the Enterobacteriaceae, Extended 
Spectrum Beta-Lactamase (ESBL) production was noted in 7 of the 46 organisms, the most 
common being Klebsiella spp (3) followed by E. coli (2). 
Conclusion: Incidence of pneumonia has increased due to lack of early diagnosis and 
multidrug resistance. The incidence of Gram-negative bacteria as an etiological factor has 
also increased tremendously. 
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Introduction 

Tracheobronchial secretions are produced 
by mucous glands and goblet cells of the 
tracheobronchial tree. [1] These secretions 
are not only involved in the protection of 
the respiratory tract but are also 
responsible for the exchange of heat and 

water during breathing. [2] Respiratory 
infections are associated with high 
morbidity and mortality, especially in 
critically ill patients. [3] Such patients are 
usually maintained using invasive devices 
which themselves tend to be a major 
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reservoir for hospital-acquired infections. 
[4,5] About 15% of hospital acquired 
infections (HAIs) are caused by ventilator-
associated pneumonia (VAP). This is the 
second-most-common HAI having the 
highest morbidity and mortality. [6] 

Bloodstream infections (BSIs), which 
range from self-limiting bacteraemia to an 
outright life-threatening septicaemia, are 
some of the most common healthcare-
associated infections globally. [7] 
Bacteraemia is simply described as the 
presence of viable bacteria in the blood, 
while septicaemia connotes systemic 
manifestations caused by bacteria or their 
toxins in blood. Septicaemia constitutes a 
significant cause of morbidity and 
mortality, requiring prompt assessment, 
diagnosis, and antibiotic treatment. The 
risk factors for BSIs include the use of 
healthcare devices such as: peripheral and 
central venous catheters on patients; age 
(elderly patient, neonates); and premorbid 
medical conditions of patients, such as 
diabetes mellitus, malignancies, renal 
failure, burns, and prior hospitalisation. [8] 
The mortality rate from bloodstream 
infections ranges from 4.0% to 41.5% 
depending on severity, age, sex, and other 
risk factors. Infections due to antibiotic-
resistant strains of bacteria present with a 
significantly higher morbidity and 
mortality. [9] Blood culture remains the 
gold standard in the laboratory diagnosis 
and identification of bloodstream 
pathogens; however, bacteria are not 
isolated in many cases of BSI. [10] 
Numerous bacteria have been associated 
with causation of BSIs including Gram-
negative bacteria: Escherichia coli, 
Pseudomonas species (spp.), Klebsiella 
spp., Serratia spp., Salmonella spp. and 
Enterobacter spp.; and Gram-positive 
bacteria: Staphylococcus spp., 
Streptococcus spp. And Enterococcus spp. 
[11,12] However, recent findings 
suggested an upsurge in BSIs caused by 
multidrug-resistant bacteria, including the 
members of the Enterobacteriaceae family 

and other Gram-negative bacteria, such as 
Klebsiella spp., Pseudomonas spp., 
Acinetobacter spp. and Citrobacter spp., 
most of which are extended spectrum beta-
lactamase (ESBL) producers, and also 
some Gram-positive bacteria, including 
methicillin-resistant Staphylococcus 
aureus (MRSA) and the vancomycin-
resistant enterococci. [13,14] The 
carbapenem antibiotics remain the 
antibiotic agents of choice in the 
management of emerging ESBL-producing 
Gram-negative bacteria, while vancomycin 
is the mainstay in treatment of MRSA. 
[15] However, of particular concern is the 
recent emergence of increasing resistance 
of some Gram negative bacteria to 
carbapenems through the production of 
enzymes, carbapenemases. [16] 
This study aimed to determine the bacterial 
profile of pneumonia cases and its 
antibiogram. 

Materials and Methods 
The present study was conducted at 
department of microbiology, AIIMS, 
Patna, Bihar, India for a period of 12 
months and 100 patients meeting all the 
inclusion criteria enrolled for the study. 
Institutional ethical committee clearance 
was obtained and written consent taken 
from the patients or parent/ guardian in 
case of a minor before the beginning of the 
study. 
Included 100 different patients of all age 
groups clinically diagnosed with primary 
or secondary pneumonia attending the 
OPD, Department of Pediatrics/ General 
Medicine/ Respiratory medicine or 
admitted to the Pediatric-ICU/ Medicine-
ICU referred to the Department of 
Microbiology of our hospital. Complete 
history of onset, duration, progression of 
symptoms, past associated illnesses and 
other demographic details were collected 
from the patient or the attender. 
Inclusion criteria 
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Clinically diagnosed cases of pneumonia 
(symptomatic), patients who developed 
symptoms of pneumonia after 48 hours of 
admission to the hospital and patients who 
developed symptoms 48 hours after being 
administered on the ventilator 

Exclusion criteria 
Patients already on antibiotic treatment, 
patients with other lower respiratory 
infections like Bronchitis, Bronchiectasis, 
emphysema, hydropneumothorax, and 
patients clinically diagnosed with active 
Tuberculosis, HIV. 
Sample collection 
1. Sputum: Thick mucopurulent sputum 
collected in sterile screw capped container. 
Strict instructions about rinsing mouth 
with water and to expectorate after deep 
cough directly into sterile container were 
given to the patient. 
2. Induced sputum collection: was done in 
pediatric patients (who cannot bring out 
sputum) using 3%-5% hypertonic saline in 
nebulizer. [17,18] 
3. Endotracheal tube tip/ endotracheal 
aspiration: collected in mechanically 
ventilated patients following standard 
guidelines. In case of Endotracheal tube 
aspiration, colony count of 105cfu/ml was 
taken as diagnostic culture threshold. 
Induced sputum, endotracheal aspiration 
and endotracheal tube tip collection 
processes were done by a well-trained, 
skilled person following standard 
procedures (under the supervision of a 
pediatrician in required cases). 

Sample processing 
All samples collected were processed in 
Microbiology laboratory within 2 hours. 
Samples containing more of saliva 
according to lab findings were rejected. 
All samples were subjected to Gram 
staining and culture. 
Gram staining- to look for the presence of 
pus cells, epithelial cells and bacteria. The 
presence of <10 squamous cells and >25 

PMN per low field, or 10 leucocytes for 
every squamous epithelial cell is indicative 
of high quality of expectorated sputum 
samples in adults. Hence, sputum samples 
showing less than above mentioned cell 
count were not included for culture as it is 
suggestive of oropharyngeal 
contamination. [19] 
Culture: Every sample was inoculated onto 
Blood agar, Chocolate agar and Mac 
Conkey agar plates and incubated 
aerobically at 37◦C for 18-24 hours. 
Chocolate agar plate was incubated in 
candle jar at 37◦C for obtaining good 
growth of pneumococci if any. Growth 
obtained was identified based on colony 
morphology and standard biochemical 
reactions. [20] 
Antibiotic susceptibility patters to various 
antibiotics was studied by Kirby-Bauer 
disc diffusion method on Muller Hinton 
Agar using Mc Farland’s 0.5 turbidity 
standard for the inoculum. Antibiotic discs 
tested for Gram negative bacilli (Entero 
bacteriaceae) were: Aminkacin, 
Ceftriaxone, Ciprofloxacin, Gentamicin, 
Imipenam, Meropenam, Cefipime, 
Netilmicin, Levofloxacin, Norfloxacin, 
Nitrofurantoin, Cotrimoxazole, Piperacillin 
+Tazobactum, Tetracycline, Ceftazidime, 
Ceftazidime+Clavulanic acid, Cefotoxime, 
Cefotoxime+Clavulanic acid, Aztreonam. 
Antibiotic discs tested for non entero 
bacteriaceae were: Aminkacin, 
Ceftriaxone, Ciprofloxacin, Gentamicin, 
Imipenam, Meropenam, Cefipime, 
Netilmicin, Ofloxacin, Cotrimoxazole, 
Piperacillin+Tazobactum, Ceftazidime, 
Ceftazidime+Clavulanic acid, Cefotoxime, 
Cefotoxime+Clavulanic acid, Aztreonam. 
Antibiotic discs tested for Gram positive 
cocci were: Ampicillin, 
Amoxicillin+Clavulanic acid, Amikacin, 
Cefoxitin, Ceftriaxone, Ciprofloxacin, 
Erythromycin, Gentamicin, Tetracycline, 
Linezolid, Cotrimoxazole. Methicillin 
resistance for Staphylococcus aureus was 
detected using Cifoxitin (30mg) disc. 
ESBL production among Gram negative 
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bacteria was confirmed using the 
cephalosporin and cephalosporin/ 
clavulanic acid (cefotaxime and 
cefotaxime plus clavulanic acid, 
ceftazidime and ceftazidime plus 

clavulanic acid) combination disc test 
following clinical laboratory standard 
institute (CLSI) guidelines. [21] 
Results

Table 1: Age and gender distribution of patients and Culture results 
Age groups N% 
< 10  7 (7) 
10-19  5 (5) 
20-29  6 (6) 
30-39  10 (10) 
40-49 7 (7) 
50-59  10 (10) 
60-69  30 (30) 
>70 25 (25) 
Gender 
Male 70 (70) 
Female 30 (30) 
Culture results 
Pathogenic growth 75 (75) 
Commensals 25 (25) 

 
Out of the total 100 patients meeting all 
the inclusion criteria enrolled for the study, 
70(70%) were male and 30(30%) were 
female. All age groups were considered for 
the study but most of them 30 (30%) were 
between 60-69 years. In the commensals 
isolated, the most common were alpha-

hemolytic streptococci. Out of 75 samples 
which yielded causative agents, 60 yielded 
single isolate and 15 yielded double 
isolates. Amongst the bacteria isolated 9 
(12%) were Gram positive and 66 (88%) 
were Gram negative. 

Table 2: Gram positive and Gram negative Bacteria isolated 
 Organism  Frequency Percent 
Gram positive N=9 Pneumococci  1 11.2 

Staph aureus 4 44.4 
Staph CONS 4 44.4 

 
 
Gram negative N=66 

Acinetobacter  9 13.63 
E.coli  9 13.63 
Klebsiella spp  27 40.90 
Providencia spp  1 1.51 
Pseudomonas  20 30.30 

 
Staphylococcus aureus (4, 44.4%), 
Coagulase negative Staphylococcus (4, 
44.4%) and Pneumococci (1, 11.2%) were 
the common Gram-positive bacteria 
isolated. Among the Gram-negative 
bacteria, the commonest organism isolated 

was Klebsiella species (27, 40.90%) 
followed by Pseudomonas species (20, 
30.30%), Acinetobacter (9, 13.63%), E. 
coli (9, 13.63%) and Providencia spp (1, 
1.51%).
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Table 3: ESBL producers in Gram negative bacteria 
Bacteria  ESBL Total 
 Producer Non-Producer  
Acinetobacter  1 8 9 
E.coli  2 7 9 
Klebsiella spp  3 24 27 
Providencia spp  1 0 1 
Total  7 39 46 

 
Among the Enterobacteriaceae, Extended Spectrum Beta-Lactamase (ESBL) production was 
noted in 7 of the 46 organisms, the most common being Klebsiella spp (3) followed by E.coli 
(2). 

Table 4: Associated co-morbid conditions 
Co-morbid conditions  No of cases Percent 
Diabetes Mellitus  16 16 
Hypertension  13 13 
Ischemic heart disease 1 1 
Scoliosis  1 1 
Asthma 2 2 
Epilepsy  1 1 
Idiopathic Thrombocytic Purpura 1 1 

 
Out of all the cases taken for the study, 
few patients had other co-morbid 
conditions like Diabetes, Hypertension, 
Bronchial asthma, Epilepsy, etc. 

Discussion 
The resistance to conventional antibiotics 
is severely increasing in bacteria in clinical 
and nonclinical settings. [22] The rate of 
nosocomial infection is also steadily 
mounting in the patients admitted in the 
ICU due to excessive invasive procedures 
performed including artificial ventilator 
support. [23] This constantly emerging 
resistance is a serious situation implying 
the need for new regulations for the 
cautious use of antibiotics and refining the 
conditions of hospitals to prevent further 
exacerbation of resistance shown by the 
bacteria. Pneumonia is one of the leading 
causes of morbidity and mortality 
especially in developing countries like 
India. In this study, 84 patients were 
studied and majority of them were male, 
more than double the number of female 
cases. This could be attributed to the well-
established fact that majority of 

predisposing factors like cigarette 
smoking, alcoholism, COPD, coronary 
artery disease, etc are more common and 
predominant in middle aged and elderly 
men. This is in accordance to an earlier 
study done by Sandeep Kumar Jain et al. 
[24] 
The predominant age group in our study is 
60-69 years (30%) which is higher than the 
study done by Sandeep Kumar Jain et al. 
where the mean age group was 52.36. [24] 
It is well documented that pneumonia 
incidence rises sharply with extremes of 
age. [25] In the present study, 75 (75%) 
cultures grown were pathogenic isolates 
and 25 (25%) were commensals even 
though Gram staining was highly specific 
and showed plenty of pus cells along with 
bacteria. The samples were still considered 
for the study as they exceeded the Gram 
stain threshold values by an ample 
number. In a study done by Garcı E et al. 
in 2017, good quality sputum could be 
obtained only in 14.4% of all patients 
which is far below the percentage of 
samples obtained in the current study. [26] 
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Gram negative bacilli (66, 88%) out-
numbered the Gram positive cocci (9, 
12%) in the bacteriological profile which 
was similar to the results obtained in a 
South Indian study by Vasuki V in which 
commonest organism isolated was 
Klebsiella(48.2%), Pseudomonas(15.3%), 
E.coli(8.4%), Acinetobacter(7.7%). [27] 
Many Klebsiella spp were sensitive to 
Aztreonam, Gentamicin, Meropenam, 
Norfloxacin which is in contrast to the 
study done by Vasuki V in which all 
Klebsiella isolates were sensitive to 
Imipenam (100%). [27] Pneumococci was 
isolated in only one sample which is in 
complete contrast to the study done by 
Sandeep Kumar Jain et al. in which 
Streptococcus pneumoniae was the 
commonest pathogen (20, 36.4%). [24] 
In the present study, ESBL production was 
seen in 7 isolates and 39 isolates were non-
producers of ESBL which is comparitively 
lower than the study done by Maninder 
Kaur and Aruna Aggarwal in which 
45%(299) of the isolates were found to be 
ESBL producers.28 This implies that the 
organism is suggestive of multidrug 
resistance. Even though the phenotypic 
method used in our study for detection of 
ESBL production is also adopted by many 
researchers, it may not be a legitimate 
method in case of Pseudomonas as they 
are intrinsically resistant and therefore 
have other mechanisms of ESBL 
production. Multidrug resistance could be 
due to co-production of metallo-beta-
lactamase. [28] 
Conclusion 
Incidence of pneumonia has increased due 
to lack of early diagnosis and multidrug 
resistance. The incidence of Gram-
negative bacteria as an etiological factor 
has also increased tremendously. Further 
studies should closely examine the 
administration of initial therapy in 
pneumonia patients. 
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