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Abstract Background: Lower respiratory tract infections (LRTI) are among the most common infectious condition with potential 

for life threatening complications. The consequence of increased drug resistance among the pathogen causing LRTI's, are 
far reaching. Aims and objectives: 1.To determine the prevalence, etiology, and antimicrobial susceptibility pattern of 
identified bacterial pathogen among the patients with clinically suspected LRTI in our area. Methods and Material: A 
retrospective study was carried out over a period of six years among the total of 2421 hospitalized patients. Clinical 
observations were followed by conventional laboratory methods for diagnosis of aetiological agents and antibiotic 
sensitivity testing. Results: The prevalence of LRTI in present study was found as 32%. The commonest provisional 
diagnosis was moderate to severe pneumonia (40.5%) followed by bronchitis (15.5%) and pleural effusion (9.3%). 
Among all the samples, sputum displayed highest microbial isolation (68%) followed by pleural fluid 26%, and suction 
fluid /tip 13%. Ps. aeruginosa 283 (37%) was found to be the predominant organism followed by Klebsiella pneumoniae 
190 (25%), E.coli 75 (9%). The predominant fungi observed was non albicans Candida (16)1.7%. Amikacin, 
ciprofloxacin, piperacillin- tazobactum, meropenum were found effective against GNB. Amikacin was found more 
effective drug than erythromycin, ciprofloxacin for GPC in our study. The multidrug resistant strains such as MRSA 
(1.6%), MRCONS (1.5%), and ESBL Klebsiella pneumoniae (1.4%), ESBL E.coli (0.8%) were also isolated. The 
multiple drug resistance (≥3 drugs) were seen among Ps aeruginosa (13.71%) followed by other enterobactericeae and 
Acinatobacter spp.  (3%). Conclusions: In majority of patients, bacterial etiology was found predominant. Multiple drug 
resistance was observed among vast majority of bacterial pathogen. Although amikacin, ciprofloxacin, piperacillin- 
tazobactum, meropenum were found useful agents, the limited options were available for treatment.  
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INTRODUCTION 
Lower respiratory tract infections (LRTI) are among the 
most common infectious condition with potential for life 
threatening complications. It includes pleuro pulmonary 
and bronchial infections.1 In 2015, there were about 291 
million cases2 these resulted in 2.74 million death down 
from 3.4 million death in 19903,4 LRTI'S have been 
attributed to account for almost 20% mortality among the 
infectious disease deaths in India as reported by World 
Health Organization (WHO) in 2013.The causative agents 
of LRTI are not well recognized, most are caused by 
viruses and atypical pathogens secondarily infected by 
bacterial pathogen.5 A better understanding of pathogen 
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causing infections allows a logical approach to 
treatment.6 There are only few studies reported in 
literature regarding the etiology and antimicrobial 
susceptibility patterns of LRTI's from this particular 
geographical region. These findings assume an important 
role in decision making, as they form the backbone for 
the choice of antibiotics and hospitalization measures. 
Hence we decided to study the prevalence, etiology, and 
antimicrobial susceptibility pattern of identified bacterial 
pathogen among the patients with clinically suspected 
LRTI in a tertiary care teaching hospital. 
 
MATERIALS AND METHODS 
In a retrospective study, from January 2011 to December 
2017, 2421 hospitalized patients were included. These 
patients were the clinically suspected cases of LRTI from 
department of medicine and chest TB of Dr SCGMC 
Nanded (Maharashtra). Inclusion criteria- Clinically 
diagnosed cases of LRTI in IPD. Exclusion criteria- 
1.Clinically diagnosed cases of pulmonary infarction, 
congestive heart failure, and AIDS (which has non 
infective etiology). 2. Samples which were saliva or with 
contaminants. All the samples were collected aseptically 
into a sterile wide mouthed container and transported to 
laboratory according to standard protocol.1 These samples 
were processed further as per standard microbiological 
techniques for identification 1 and antibiotic susceptibility 
tests with appropriate ATCC (American type culture 
collection) control strains as per CLSI 2011 guidelines.9 
Interpretations of tests were based on gram stain (< 10 
squamous epithelial cells and > 25 pus cells per low 
power field) as per Bartlett's criteria. The predominant 
bacteria rather than wide diversity of bacterial forms with 

> 103 CFU/ml were processed as culture predominant 
isolate. Culture was done on blood agar, Mac conkey 
agar, chocolate agar (at 37ºC for 24 hours) for isolation of 
bacteria while sabourauds dextrose agar with antibiotic 
(at 25ºC and 37ºC for four weeks) was used for isolation 
of fungi. Isolate with any significant growth was 
identified with a detailed biochemical testing. The 
antibiotic sensitivity testing was performed on Muller 
Hinton agar plates by Kirby -Bauer disk diffusion method 
as per CLSI guidelines (2011).Their sensitivities to the 
antibiotics (discs in mcg) was determined as follows: a) 
for nonfermenters- Piperacillin tazobactum 
(PIT)(100/10), Tobramycin(TOB) (10), Imepenum(IPM) 
(10), Meropenum(MRP) (10), Ceftazidime (CAZ)(30), 
Ciprofloxacin (CIP) (5), Amikacin (AK)(30), 
Amoxicillin- clavulinic acid (AMC)(20/10), 
Ceftriaxone(CTR) (30), Polymyxin B (PB)(300U) b) for 
enterobactericeae – Ampicillin (AMP)(10), Amoxicillin 
clavullinic acid (20/10), Gentamycin(G) (120), Amikacin 
(30), Imepenum (10), Meropenum (10), Cefoperazone 
(CPZ)(70),Ceftazidime (CAZ) (30), Ciprofloxacin (5), 
Piperacillin tazobactum (100/10) c) for COPS and CONS 
(coagulase negative staphylocci) - Penicillin (P)(10 U), 
Ampicillin (10), Cefoxitin (CX)(30), Ciprofloxacin (5), 
Clindamycin (CD)(2), Erythromycin (E) (15), 
Gentamycin (120), Amikacin(30), Vancomycin (VA) (30), 
Linezolid (LZ)(30). Zone diameter measured in mm was 
recorded and stored along with other clinical data which 
is then analyzed. The culture findings for bacterial and 
fungal isolate were noted. Antimicrobial susceptibility 
patterns of each predominant bacterial species were noted 
down. In addition to this, ZN stain, the KOH preparation, 
toludine blue stain findings were noted down. 

 
OBSERVATIONS AND RESULTS  

 
Figure 1: Specimen wise culture results 
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Table 1: Clinical variations among 965 cases of LRTI 
Nature of disease Number of patients % 

Mild to moderate pneumonia 10 1 
Moderate to severe pneumonia 367 38 

Severe pneumonia 116 12 
Pleural effusion 90 9.3 

Empyema 52 5.4 
Hydropneumothorax 2 0.2 

Lung abscess 2 0.2 
Bronchiectasis 4 0.4 

Lung malignancy 6 0.6 
Mediastinal mass 2 0.2 

Emphysema 4 0.4 
Fungal pneumonia 7 0.7 

Pyothorax 9 0.9 
OPP associated aspiration  

pneumonia 121 12.5 

Bronchitis 150 15.5 
Secondary infection 

in TB patient 13 1.3 

Total 965 100 
 

Table 2: Distribution of bacterial isolates from LRTI cases 
Bacteria Isolated pathogen Isolates number Isolates percentage 

Gram negative bacilli 
n=680 ( 88%) 

Pseudomonas aeuruginosa 283 37 
Klebsiella pneumonae 190 25 

Esherchia coli 75 9 
Citrobacter spp 40 5.1 

Acinatobacter spp (NFGNB) 33 4.2 
Enterobacter spp 32 4.1 

ESBL klebsiella pneumoniae 11 1.4 
Other Non lactose fermenter GNB (NFGNB) 7 0.9 

ESBL E. coli 6 0.8 
Proteus spp 2 0.3 

 Klebsiella oxytoca 1 0.1 

          Gram positive bacili  
                   n=93 (12% ) 

 
Staphylococcus aureus 

 
31 

 
4 

CONS 26 3.3 
MRSA 13 1.6 

MRCONS 12 1.5 
Group A streptococci 9 1 

enterococci 2 0.3 
 Total 773 100 

 
Table 3.1: Percentage of resistance among the Non fermenters to various antibiotics (n=356) 

Name of pathogen Name of antibiotics 
PIT TOB IPM MRP CAZ CIP AK AMC CTR PB 

Pseudomonas aeuruginosa (n=283) 38 25 52 33 51 38 22 90 53 2 
Acinatobacter species (n=33) 38 100 50 57 70 67 46 86 87 - 

Other nonfermenter (including acinatobacter spp.) (n=40)) 58 86 63 60 77 71 52 78 78 - 
 

Table 3.2: Percentage of resistance among enterobactericeae to various antibiotics (n=337) 

Name of pathogen Name of antibiotics 
AMP AMC G AK IPM MRP CPZ CAZ CIP PIT 

Klebsiella pneumoniae (n=190 ) 100 92 39 26 46 26 81 84 54 45 
E. coli (n=75) 98 97 38 51 48 27 93 89 63 62 

Citrobacter spp.(n=40) 100 100 75 64 73 51 89 96 74 79 
Enterobacter spp. (n=32) 100 83 75 48 46 41 83 79 58 36 
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Table 3.3: Percentage of resistance  among gram positive cocci to various antibiotics (n=82) 

Name of pathogen Name of antibiotics 
P AMP CX CIP CD E G AK VA LZ 

S. aureus (n=44) 82 67 42 43 46 27 5 12 4 5 
CONS (n=38) 95 63 46 100 68 73 64 43 4 22 

 
Out of total 2421 samples, 534 samples were reported as 
saliva based on direct microscopy and gram stain 
findings. These were excluded from further study. On 
culture examination, commensal flora was found in 579 
(23%) samples and no growth was obtained in 343 (14%) 
samples. A total of 40% samples (965 / 2421) were 
positive either by direct microscopy examination or gram 
stain or ZN stain or culture examination. Out of the 
samples obtained from 2421 patients, 773 (32%) were 
culture positive. Isolation of two organisms per specimen 
was seen in 106 (11%). At total of 102 samples were 
positive for acid fast bacilli by ZN staining method in 
suspected TB cases. A total of 24 cases were culture 
positive for fungi. A total of 15 specimens from 24 cases 
had KOH or gram stain findings suggestive of fungal 
elements. We did not found any cysts, trophozoites, eggs 
or larvae of parasitic origin among the total number of 
samples investigated. The prevalence of LRTI in present 
study was found as 32%. Among the total of 965 patients, 
the commonest provisional diagnosis was moderate to 
severe pneumonia (38%) followed by bronchitis (15.5%), 
OPP associated aspiration pneumonia (12.5%), severe 
pneumonia (12%), pleural effusion (9.3%), empyema 
(5.4%), secondary infection in TB patient (1.3%), mild to 
moderate pneumonia (1%), pyothorax (0.9%), fungal 
pneumonia (0.7%), lung malignancy (0.6%), 
bronchiectasis (0.4%), emphysema (0.4%), 
hydropneumothorax (0.2%), lung abscess (0.2%), 
mediastinal mass (0.2%).(Table 1) A total of 246 (26%) 
out of 965 patients were from ICU. Out of 965 study 
subjects 642 were males and 323 were female. Male to 
female ratio was 2:1. Subjects were between 10-80 years 
of age. Median age of study subjects was 40 years.Out of 
965 samples collected for diagnosis of infective etiology, 
sputum (n=577) displayed highest microbial isolation 
(68%) followed by pleural fluid (249) 26%, suction fluid 
/tip (121) 13%, BAL (10) 1%, endotracheal secretions (5) 
0.5%, others (bronchial wash, nasopharyngeal aspirate, 
tracheal washings etc) (3) 0.3%. (Figure 1) Among the 
773 culture positive isolates, gram negative bacilli and 
gram positive bacilli were found as (680) 88% and 
(93)12% respectively. Ps. aeruginosa 283 (37%) was 
found to be the predominant organism followed by 
Klebsiella pneumoniae 190 (25%), E.coli 75 
(9%),Citrobacter spp.40 (5.1%) Acinatobacter spp. 33 
(4.2%) Enterobacter spp.32 (4.1%), COPS 31 (4%) and 
CONS 26 (3.3%).Group A streptococci, Proteus spp., 
Klebsiella oxytoca and enterococci too were isolated. 

(Table2) Among the total 24/965 (2.6%) fungal isolate, 
the predominant fungi observed was non albicans 
Candida (16)1.7% followed by Candida albicans (7) 0.7% 
and aspergillus (1)0.1%. P. aeruginosa showed the 
overall increased resistance for amoxicillin -clavulinic 
acid (90%), imepenum (52%) and ceftazidime (51%). All 
the acinatobacter spp were resistant to tobramycin (100%) 
The high resistance to ciprofloxacin (67%), meropenum 
(57%) was seen in acinatobacter spp. For other non 
fermenter spp the resistance was increased for almost all 
the antibiotic drugs on the panel. (Table 3.1). Majority of 
enterobactericeae were resistant to ampicillin (>98%) 
amoxicillin -clavulinic acid (>90%). In Klebsiella 
pneumoniae and Escherichia coli, the overall increased 
resistance was also observed for ceftazidime (≥84%), 
ciprofloxacin (≥54%) and imepenum (≥46%). The 
resistance to the antibiotics such as gentamycin (75%), 
imepenum (73%), ceftazidime (96%), ciprofloxacin 
(74%), and piperacillin tazobactum (79%) was increased 
among the Citrobacter spp than enterobacter spp. (Table 
3.2). The overall resistance to the panel of antibiotics 
used was more in CONS than in S. aureus. In S.aureus, 
the overall increased resistance was also observed for 
ciprofloxacin (43%), clindamycin (46%), and 
erythromycin (26%). In CONS, the resistance pattern was 
observed as ciprofloxacin (100%), erythromycin (73%) 
and gentamycin (64%). (Table 3.3) The MRSA (1.6%), 
MRCONS (1.5%), and ESBL Klebsiella pneumoniae (1.4 
%), ESBL E.coli (0.8%) were isolated as MDR strain. 
The multiple drug resistance (≥3 drugs) among the 
different species was seen as Ps. aeruginosa 106 
(13.71%), Klebsiella sp. 96 (12.41%), E.coli 47 (6%), 
Citrobacter spp 34 (4.4%), Acinatobacter spp 22 (3%), 
Enterobacter spp 21 (2.7%), CONS 12 (1.5%) and 
S.aureus 2 (0.25%). 
 
DISCUSSION 
The prevalence of mycobacterium tuberculosis was found 
to be 13% which is higher than in a study Chet Raj Ojha 
et al16 where the finding was 4%. In our study the high 
prevalence may be due to involvement of IPD patients, 
seriously ill patients in ICU, in tertiary care centre. The 
predominance of Candida spp among the fungal isolates 
was similar to the findings of other studies.8,16 The 
prevalence of LRTI with bacterial etiology was found as 
32% in present study which is similar to other studies.5, 12 
it is lower as compared to the studies.8, 10, 11, 31, 33, 34. The 
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prevalence studies performed in China, Turkey and Iran 
disclosed that there was a fairly large growth in 53%, 59. 
4% and 40% of the cases respectively19, 20, 21. The lower 
yield of pathogen in this study as compared to other 
studies might be attributable to various factors. The 
availability of “ over the counter” antibiotics, self 
prescribing practice might had an effect on natural history 
of infectious disease and culture negativity.16 Due to 
variations in age, season, the type of population at risk 
and various other factors the differences in the prevalence 
of bacterial isolates in different studies were observed 
elsewhere in India.25 The commonest clinical 
presentation, in descending sequence, was moderate to 
severe pneumonia (50%) followed by bronchitis (16%), 
aspiration pneumonia (13%), pleural effusion (10%), 
empyema and the complications of LRTI. The findings 
were similar with the literature.1 The pathogen identified 
in 40% of the total specimens. The sputum followed by 
pleural fluid, suction fluid /tip, BAL and other samples 
accounted for isolation of 68%, 26%, 13%, 1% and 0.3% 
pathogen respectively. A total of 71% sputum sample 
yielded culture positive pathogen.11 The pleural fluid was 
accounted for 10% of samples. Similar findings were 
obtained in the study by S Bansal et al.11 Among 773 
culture positive isolates gram negative bacilli and gram 
positive bacilli were found as (680) 88% and (93)12% 
respectively. This was similar to various studies.8, 

10,14,33,34. The similarity may be due to the associated co 
morbid conditions which increase the susceptibility to 
nosocomial pneumonia where GNB were predominantly 
isolated.1 Indian studies have reported higher incidence of 
gram negative bacilli form several decades among culture 
positive pneumonia as well as in other forms of LRTI 24 
The reason for the different findings may be due to 
comparison with the studies on community acquired 
pneumonia. In community acquired pneumonia, the cause 
is mainly viral (in pediatric population)1,22 streptococcus 
pneumoniae, H. influenza, atypical bacteria (in young 
patients and healthy adults) 9 and GNB (in elderly 
population).1,8,10 The most common pathogenic bacteria 
isolated was Pseudomonas aeuruginosa (283)37% 
followed by Klebsiella pneumoniae (190) 25%, Esherchia 
coli (75) 9%. These findings were comparable with other 
studies.5,8, 10,14,17,31 A high prevalence of Klebsiella 
pneumoniae was found in most studies from India.10, 

18,32,33,34 The isolation rate of Klebsiella pneumoniae and 
E. coli was similar with different studies.11,34 The number 
of isolated Citrobacter spp, Enterobacter spp, and other 
non fermenter spp. were consistent with and may be due 
to severe LRTI as common finding in both of these 
studies.8 S. aureus and CONS (12%) were common gram 
positive isolate as found in various studies.10,17,33,34 In our 
study the mixed infections were seen in 11% of cases. 

This is consistent with the fact that incidence of mixed 
infections does not usually exceeds 30%.13 Similar 
findings were noted by Sunil Vijay et al10 and S Bansal et 
al.11 The high occurrence might be due to association 
with co morbid conditions, severely ill patients, patients 
with CNS injury.8 The increase in isolation rate of 
Candida spp (2.4%) was similar as in various studies 
which may be due to advances in medical and surgical 
management.10,16,23,33 The prevalence of Candida spp was 
1.4% in a study by Veena kumari et al8. This could be 
because of involvement of ICU patients in this study. We 
have isolated a single species of aspergillus spp. from 
lung specimen as in study by Chet Raj Ojha et al.16 This 
was lower in a study by Nayanjyoti Sarmah et al.34 In P. 
aeruginosa, the overall increased resistance was observed 
for amoxicillin -clavulinic acid (90%), imepenum (52%) 
and ceftazidime (51%). Similar findings were seen in two 
studies.31, 34 Our findings were consistent with results 
obtained in different studies.10, 27, 33 All the acinatobacter 
spp were resistant to tobramycin (100%). The high 
resistance to ciprofloxacin (67%), meropenum (57%) was 
seen in Acinatobacter spp. Acinatobacter spp. have been 
isolated from nosocomial pneumonia and ventilator 
associated pneumonia.31 It has became increasingly 
resistant to the antibiotics over the past several years and 
currently present a significant challenge in treating these 
infections.30, 31 The pseudomonas spp and other non 
fermenter spp, has been shown to be resistant to many 
antimicrobial agents. The results were consistent with the 
findings of various studies.5,810 Majority of 
enterobactericeae were resistant to ampicillin (>98%), 
amoxicillin-clavulinic acid (>90%) In Klebsiella 
pneumoniae and Escherichia coli, the overall increased 
resistance was also observed for ceftazidime (>=84%), 
ciprofloxacin (>=54%) and imepenum (>=46%). The 
findings were found similar for ciprofloxacin but not for 
ceftazime and imepenum resistance as found in two 
studies.5, 10 The emergence of quinolone resistance among 
LRTIs has now been documented in many countries.27 
Our findings were similar as in the study. 32 These results 
were not comparable to the studies.8,12,33 where 
ciprofloxacin, ceftazidime and cefotaxime were found 
effective against GNB. Among the gram positive 
organisms, isolation of S. aureus (4%) was slightly more 
than CONS (3.3%). The more resistant pattern was found 
among CONS (46%) than coagulase positive 
staphylococcus aureus (COPS) (42%). Similar findings 
were reported by Sunil Vijay et al.10 The pathogenicity 
was found to be associated with CONS as they were more 
involved in serious infections as shown in a study by 
Onanugua A et al. 28, which have reported a high 
prevalence of 69%. The multidrug resistant strains such as 
MRSA (1.6%), MRCONS (1.5%), and ESBL Klebsiella 
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pneumoniae (1.4%), ESBL E.coli (0.8%) were also 
isolated. The similar isolation rate of ESBL Klebsiella 
pneumoniae and ESBL E.coli was reported by Veena 
Kumari et al. 8 The high rate of isolation of MRCONS 
was also found by Sunil Vijay et al.10 Other studies have 
reported higher isolation rate of MRSA and ESBL 
enterobactericeae.10, 31, 33, 34. The multiple drug resistance 
(≥3 drugs) were seen among Ps aeruginosa (13.71%) 
followed by other enterobactericeae and Acinatobacter 
spp. 22 (3%). The similar results with maximum 
resistance among large number of Acinatobater spp. was 
noted in the studies. 31-34 Amikacin, ciprofloxacin, 
piperacillin- tazobactum, meropenum were found 
effective against GNB. This was consistent with the 
results obtained in various studies.8, 10, 12 Amikacin was 
found more effective drug than erythromycin, 
ciprofloxacin for GPC in our study. Similar findings were 
found in a study by Sunil Vijay et al.10 Limitation of 
study- We did not found the records of HIV status and co 
morbid conditions (such as Chronic obstructive 
pulmonary disease, smoking) of patients included in the 
present study. These conditions have an impact on the 
prevalence and severity of LRTI.11. The patients in our 
study were not investigated for atypical and viral 
pathogen because of lack of facilities for their detection. 
 
CONCLUSION 
From this study it can be concluded that the prevalence of 
LRTI was 32% in hospitalized patients. This was due to 
bacteria followed by mycobacteria, fungi. Moderate to 
severe pneumonia was commonest clinical manifestation. 
Most of patients had serious clinical manifestations which 
may be due to involvement of hospitalized and ICU 
patients. Pseudomonas aeruginosa, Klebsiella 
pneumoniae and E.coli were common GNB isolates. 
MDR strains and Candida spp were isolated in large 
number. Acinatobacter spp, Citrobacter spp, 
Enterobacter spp, CONS, MRCONS and MRSA are 
emerging pathogen with high degree of resistance. 
Amikacin, ciprofloxacin and piperacin- tazobactum found 
to be effective antibiotics against GNB. Judicious use of 
antibiotics, isolation practices, good infection control 
practices, active surveillance, local antibiotic policy and 
maintenance of epidemiological records of infective 
etiology have an immense value in speedy management 
of LRTI with MDR strain/ isolate. 
 
REFERRENCES  

1. Gerald L.Mandell, John E. Bennett and Raphael Dolin: 
Mandell, Douglas and Benett's Principles and practice of 
infectious diseases. Sixth edition, volume I, Elsevier 
churchil livingstone Publications; part II Major Clinical 
Syndromes, section C ; pleuropulmonary and bronchial 
infections ;803-869. 

2. GBD 2015 Disease and Injury Incidence and Prevalence, 
Collaborators. (8 October 2016). "Global, regional, and 
national incidence, prevalence, and years lived with 
disability for 310 diseases and injuries, 1990-2015: a 
systematic analysis for the Global Burden of Disease 
Study 2015". Lancet. 388 (10053): 1545–1602. 

3. GBD 2015 Mortality and Causes of Death, Collaborators. 
(8 October 2016). "Global, regional, and national life 
expectancy, all-cause mortality, and cause-specific 
mortality for 249 causes of death, 1980-2015: a 
systematic analysis for the Global Burden of Disease 
Study 2015". Lancet. 388 (10053): 1459–1544 

4. GBD 2013 Mortality and Causes of Death, Collaborators 
(17 December 2014). "Global, regional, and national age-
sex specific all-cause and cause-specific mortality for 240 
causes of death, 1990-2013: a systematic analysis for the 
Global Burden of Disease Study 2013". Lancet. 385: 
117–71.  

5. Gauchan P, Lekhak B, Sherchand JB. The Prevalence of 
lower respiratory tract infection in adults visiting 
Tribhuvan University Teaching Hospital. J Inst Med. 
2006; 28(2):10-14.  

6. Decker BC Inc: U.K. Creer DD, Dilworth JP, Gillespie 
SH, Johnston AR, Johnston SL. 2006  

7. Murray CJL, Lopez AD. Mortality by cause for eight 
regions of the world: global burden of disease study. 
Lancet. 1997 May;349(9061):1269–76. 

8. H.B. Veena Kumari, S. Nagarathna and A. Chandramuki. 
Antimicrobial Resistance Pattern Among Aerobic Gram- 
negative Bacilli of Lower Respiratory Tract Specimens of 
Intensive Care Unit Patients in a Neurocentre. Indian J 
Chest Dis Allied Sci 2007; 49: 19-22.  

9. Clinical and Laboratory Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing; 21 th 
Informational Supplement (M100-S21). Wayne, Pa: 
2011.Clinical and Laboratory Standards Institute;  

10. Sunil Vijay, Gaurav Dalela. Prevalence of LRTI in 
Patients Presenting with Productive Cough and Their 
Antibiotic Resistance Pattern. Journal of Clinical and 
Diagnostic Research. 2016 Jan, Vol-10(1): DC09-DC12 

11. S. Bansal, S. Kashyap, L.S. Pal and A. Goel.Clinical and 
Bacteriological Profile of Community Acquired 
Pneumonia in Shimla, Himachal Pradesh. The Indian 
Journal of Chest Diseases and Allied Sciences. 2004; vol-
46: 17-22. 

12. B.V. Navaneeth, M.R. Sandhya Belwadi. Antibiotic 
Resistance Among Gram-negative Bacteria of Lower 
Respiratory Tract Secretions in Hospitalized Patients.The 
Indian Journal of Chest Diseases and Allied 
Sciences.2002; Vol. 44:173-176 

13. De Roux A, Ewig S, Garcia E, Marcos MA, Mensa J, 
Lode H, et al. Mixedcommunity acquired pneumonia in 
Hospitalised patients. Eur Respir J.2006;27(4):795-800. 

14. Salman Khan, Singh Priti, and Sachan Ankit.Bacteria 
Etiological Agents Causing Lower Respiratory Tract 
Infections and Their Resistance Patterns.Iran Biomed J. 
2015 Oct; 19(4): 240–246. 

15. Murray PR, Washigton JA III. Microscopic and 
bacteriological analysis of expectorated sputum. Myo clin 
proc. 1975;50: 339-344. 

16. Chet Raj Ojha, N. Rijal, K. C. Khagendra, K. Palpasa, P. 
Kansakar, B. P. Gupta, G. Shakya. Lower respiratory 



Supriya M Emekar, S K Kandle 

Copyright © 2018, Medpulse Publishing Corporation, MedPulse International Journal of Microbiology, Volume 7, Issue 3 September   2018 

tract infections among HIV positive and control group in 
NepalVirusDis. (January–June 2015) 26(1-2):77–81. 

17. Okesola AO, Ige OM. Trends in bacteriological 
pathogens of lower respiratory tract infections. Indian J 
Chest Dis Allied Sci. 2008;50(3):269-72. 

18. Shailaja VV, Pai LA, Mathur DR, Lakshmi V. 
Prevalence of Bacterial and Fungal Agents Causing 
Lower Respiratory Tract Infections in Patients with 
Human Immunodeficiency Virus Infection. Indian J Med 
Microbiol. 2004;22(1):28-33. 

19. Ozyilmaz E, Akan OA, Gulhan M, Ahmad K, Nagatake 
T. Major bacteria of community‐acquired respiratory 
tract infections in Turkey. Jpn J Infect Dis. 2005 
Feb;58(1):50–2. 

20. Gladstone P, Rajendran P, Brahmadathan KN. Incidence 
of carbapenem resistant nonfermenting gram negative 
bacilli from patients with respiratory infections in the 
intensive care units. Indian J Med Microbiol. 2005 
Jul;23(3):189–91. 

21. Imani R, Rouhi H, Ganji F. Prevalence of antibiotic 
resistance among bacteria isolates of lower respiratory 
tract infection in COPD Shahrekord‐Iran, 2005. Pak J 
Med Sci. 2007 Jun;23(3):438–40. 

22. Hall CB. Nosocomial viral respiratory infections: 
Perennial weeds on pediatric wards.Am j Med 1981; 70 : 
670-76. 

23. Anaissie E, Bodey GP. Nosocomial fungal infections: 
Old problems and new challenges. Infect Dis Clin North 
Am 1989; 3 : 867-82. 

24. Shah BA, Singh G, Naik MA, Dhobi GN. Bacteriological 
and clinical profile of Community acquired pneumonia in 
hospitalized patients. Lung India. 2010;27:54-57. 

25. Collee JG, Watt B. 2006. Bacterial infection of 
respiratory tract. Topley and Wilson’s Principles of 
Bacteriology, Virology, and Immunity Vol. III. 10th 
edition. BC Decker, Inc. UK 

26. Kamat SR, Heera SS,Potdar PV,Shah SV, Bhambure 
NM,Mahasur AA. Bombay experience in intensive 

respiratory care over 6 years.J. Postgrad Med 
1989;39:123-34. 

27. Sherchan JB, Gurung P, Bam DS, Sherchand JB. Multi-
drug resistant bacterial strains in lower respiratory tract 
infections, antibiotic sensitivity patterns and risk 
factors.Nepal J Sci Technol. 2012; 13(1): 157-63. 

28. Onanuga A, Oyi AR, Onaolapo JA. Prevalence and 
susceptibility pattern of methicillin resistant 
Staphylococcus aureus isolates among healthy women in 
Zaria, Nigeria. Afr J Biotechnol. 2005;4(11):1321-24. 

29. Yadav Khushbu and Prakash Satyam.Bacteriological 
Profile of Lower Respiratory Tract Infection (LRTI) 
among HIV Seropositive Cases in Central Terai of Nepal. 
Int.J.Curr.Microbiol.App.Sci (2015) 4(11): 431-442. 

30. Joshua D. Hartzell, Andrew S. Kim, Mark G. Kortepeter, 
and Kimberly A. Moran. Acinetobacter Pneumonia: A 
Review.MedGenMed. 2007; 9(3): 4 

31. S.P.Kombade and G.N.Agrawal. Microbiological study 
of lower respiratory tract infections in ICU patients. Int. 
J.Curr.Microbiol.App.Sci (2014) 3(8) 749-754.  

32. Syed Mustaq Ahmed, Ramakrishna Pai Jakribettu, 
Shaniya Koyakutty Meletath, Arya B, Shakir VPA. 
Lower Respiratory Tract Infections (LTRIs): An Insight 
into the Prevalence and the Antibiogram of the Gram 
Negative, Respiratory, Bacterial Agents. Journal of 
Clinical and Diagnostic Research. 2013 February, Vol-
7(2): 253-256.  

33. K V Ramana, Anand Kalaskar, Mohan Rao, Sanjeev D 
Rao. Aetiology and Antimicrobial Susceptibility Patterns 
of Lower Respiratory Tract Infections (LRTI’s) in a 
Rural Tertiary Care Teaching Hospital at Karimnagar, 
South India. American Journal of Infectious Diseases and 
Microbiology, 2013, Vol. 1, No. 5, 101-105.  

34. Nayanjyoti Sarmah, Arunjyoti Sarmah, Dipak Kumar 
Das. A Study on the Microbiological Profile of 
Respiratory Tract Infection (RTI) in Patients Attending 
Gauhati Medical College and Hospital. Annals of 
International Medical and Dental Research, Vol (2), Issue 
(5), 11-15. 

 
Source of Support: None Declared 
Conflict of Interest: None Declared  


