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ABSTRACT
Introduction: Respiratory tract infections are one of the most common and serious health 
problems in developing countries. Increasing incidences of multidrug-resistant isolates from 
cases of lower respiratory tract infections have been reported. This study was conducted to 
determine the bacterial pathogens associated with lower respiratory tract infections with their 
antibiotic resistance pattern in a tertiary care hospital in Western Nepal.

Methods: This hospital-based cross-sectional study was conducted among patients of Ma-
nipal Teaching Hospital, Pokhara, Nepal, from August 2022 to October 2022. A total of 376 
specimens from the lower respiratory tract were included in this study. Processing of samples, 
isolation, identification and antibiotic sensitivity test of the bacterial pathogens was performed 
by standard methods.

Results: Respiratory pathogens were recovered in 68 samples. Gram-negative bacteria were 
isolated in 55 cases and Gram-positive bacteria in 13 cases.  Acinetobacter species (42.6%), 
Staphylococcus aureus (16.9%) and Pseudomonas aeruginosa (13.9%) were the three most 
common pathogens isolated. The majority of the Gram-negative isolates were susceptible to 
tigecycline and colistin. Among S. aureus isolates, 54.5% (6/11) were methicillin-resistant 
Staphylococcus aureus.

Conclusion: Gram-negative bacteria were predominantly associated with lower respiratory 
tract infections with Acinetobacter species as the most common pathogen. Increasing antibiotic 
resistance was recorded among the pathogens and is alarming. Regular surveillance of patho-
gens and antibiotic resistance patterns is needed for better management of the patients. 
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INTRODUCTION
Respiratory tract infections are the most 
common infections reported among humans. 
Lower respiratory tract infections (LRTI) are 
significant cause of morbidity and mortality in 
developing countries.[1,2] Lower respiratory 
tract infections occur when infectious agents 
reach the airway of pulmonary parenchyma 
by crossing the barriers of the upper respira-
tory tract. Respiratory infections are mostly of 
community origin but increasing cases of hos-
pital-acquired infections have been reported.
[3]

Respiratory infections are heterogeneous and 
complex group of diseases caused by  wide 
range of infectious agents like viruses, bac-
teria, fungi or parasites. Viral agents are re-
sponsible for a large proportion of LRTI. 
Due to a lack of differential diagnosis, an-
tibiotics are often unnecessarily prescribed 
and can contribute to the emergence of drug 
resistance.[4,5] Gram-negative bacteria com-
monly associated with LRTI include Klebsi-
ella pneumoniae, Haemophilus influenzae, 
Pseudomonas species, Acinetobacter spe-
cies., Enterobacter species, Citrobacter spe-
cies and others.[6] Gram-positive bacteria 
reported from cases of LRTI include Strepto-
coccus pneumoniae and Staphylococcus au-
reus. The burden of antimicrobial resistance 
is increasing in developing countries which 
makes the treatment challenging. Increasing 
trends of multidrug resistance (MDR) among 
Gram-negative bacterial isolates have limited 
the therapeutic options among patients with 
LRTI. The reported incidence of LRTI in de-
veloping countries varies from 20–30% as 
compared to 3–4% in developed countries.[7] 
Infections of the lower respiratory tract cause 
more than 4 million deaths per year and with 
more cases from middle and low-income na-
tions.[8] Respiratory tract infection accounts 
for 34.6% of total deaths in the South-East 
Asian Region.[9]

Etiological agents and antimicrobial resis-
tance profiles of the isolates vary greatly 
from hospital to hospital within and outside 
the country.[10] Management of infections of 
the respiratory tract is more complex in de-
veloping countries due to the lack of proper 
diagnostic facilities. Therefore, this study was 
designed to determine the common bacterial 
pathogens associated with LRTI along with 
their antibiotic resistance pattern in a tertiary 
care hospital. The findings of the study would 
be useful in formulating guidelines for em-
pirical antibiotic therapy among patients with 
LRTI.

METHODS
This hospital-based cross-sectional study was 
conducted among outpatients and admitted pa-
tients of Manipal Teaching Hospital, Pokhara, 
Nepal. Permission was taken from the Institu-
tional Ethical Committee (MCOMS/IRC/532) 
of Manipal Teaching Hospital (MTH), Pokha-
ra,  before the commencement of the study. 
The study was conducted over three months 
(August 2022 to October 2022). The sample 
size was calculated using the following for-
mula:  N=Z2 p(1-p)/ E2. 

Isolation and identification of bacterial iso-
lates
A total of 376 specimens from the lower re-
spiratory tract (sputum, suction tip and bron-
choalveolar lavage) received in the clinical 
Microbiology laboratory of Manipal Teach-
ing hospital were included in this study. All 
the specimens were subjected to microscopy 
(Gram stain) and culture. Specimens were 
cultured on 5% Sheep Blood agar and Choco-
late agar medium (Hi media, Mumbai, India). 
Inoculated culture plates were incubated at 
370C in a candle jar. Isolates were identified 
by colony morphology, microscopy and stan-
dard biochemical tests for Gram-positive bac-
teria (Catalase test, Coagulase test, Optochin 
sensitivity test etc.) and Gram-negative bacte-
ria (Sugar fermentation test, Motility, Indole, 
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Methyl red, Voges-Proskauer, Citrate utiliza-
tion, Urea hydrolysis etc.[11]

Antibiotic susceptibility test 
Antibiotic susceptibility test of the bacterial 
isolates was performed on Mueller Hinton 
agar (HI media, Mumbai, India) by the Kirby 
Bauer disc diffusion method.[12] Following 
antibiotic discs were used: amikacin, cip-
rofloxacin, clindamycin, cefepime, colistin, 
cefoperazone sulbactam, erythromycin, gen-
tamicin, imipenem, piperacillin-tazobactam, 
tigecycline, teicoplanin and vancomycin. Iso-
lates showing resistance to at least one agent 
in three or more antimicrobial categories were 
labelled as multidrug-resistant (MDR).[13]

RESULTS
Out of 376 samples processed, bacterial patho-
gens were isolated in 68 (18.1%) cases, nor-
mal oropharyngeal flora was detected in 302 
(80.3%) cases and no growth was seen in 6 
(1.5%) cases as shown in figure 1. Among the 
bacterial pathogens isolated, 80.9% (55/68) 
were Gram-negative bacilli and 19.1% 
(13/68) were Gram-positive cocci. Acineto-
bacter species (29.4%) was the most common 
pathogen followed by Klebsiella pneumoniae 

(20.5%), Staphylococcus aureus (16.1%), 
Pseudomonas aeruginosa (16.1%) and others. 
Samples received from Intensive Care Unit 
(ICU) and Critical Care Unit (CCU) yielded 
the highest number of Acinetobacter species. 
Among Gram-positive bacteria, S. aureus was 
the commonest pathogen.  Details of bacterial 
pathogens isolated are depicted in Table 1.

Gender-wise distributions of organisms re-
vealed that the majority of the bacterial patho-
gens 77.9% (53/68) were isolated from male 
patients. Age-wise distribution of the patho-
gens showed that 72% (49/68) of isolates were 
from patients more than sixty years of age. In 
the present study, 83.8% (57/68) of pathogens 
were cultured from patients admitted to vari-
ous wards and remaining from the outpatient 
department.

Antibiotic resistance patterns of isolates re-
vealed that a high percentage of Acinetobacter 
species were MDR (40%). The majority of the 
MDR isolates were cultured from ICU and 
CCU.  The majority of Acinetobacter species 
were resistant to ciprofloxacin (70%). The 
most effective drugs in the case of Acineto-
bacter species were 

Bhatta et al. Antibiotic Resistance Patterns Associated with LRTI

Table 1: Bacterial pathogens isolated from lower respiratory tract specimen
S N Organism Number Percentage

1 Acinetobacter species 20 29.4
2 Klebsiella pneumoniae 14 20.5
3 Pseudomonas aeruginosa 11 16.1
4 Staphylococcus aureus 11 16.1
5 Escherichia coli 05 7.3
6 Haemophilus influenzae 02 2.9
7 Streptococcus pneumoniae 02 2.9
8 Enterobacter species 01 1.4
9 Citrobacter species 01 1.4
10 Moraxella catarrhalis 01 1.4

Total 68
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Figure 1: Patterns of bacterial growth (%) in respiratory samples
colistin and tigecycline with a lower percent-
age of resistance (10%). Colistin and tigecy-
cline were equally effective in case of other 
Gram negative bacteria (E. coli and Klebsiella 

species). Among S. aureus isolates (n=11), 
6 (54.5%) were MRSA. Details of antibiotic 
resistance patterns of bacterial pathogens iso-
lated are depicted in Table 2.

Table 2: Antibiotic resistance patterns of common bacterial pathogens

Antibiotic
Acinetobacter 

species 
n= 20 (%)

K.  pneumoniae
    n= 14 (%)

P. aeruginosa
n=11 (%)

E. coli
n= 05 (%)

S. aureus
n=11 (%)

Amikacin 7 (35%) 4 (28.5%) 4 (36.3%) 1 (20%) 2 (18.1%)
Ciprofloxacin 15 (75%) 5 (35.7%) 5 (45.4%) 2 (40%) 6 (54.5%)

Cefepime -- 8 (57.1%) -- 2 (40%) --
Cefoperazone sul-

bactum 8 (40%) 4 (28.5%) 3 (27.2%) 1 (20%) --

Colistin 2 (10%) 1 (7.1%) 00 00 --
Imipenem 7 (35%) 2 (14.2%) 2 (18.1%) 00 --

Piperacillin tazo-
bactum 8 (40%) 4 (28.5%) 2 (18.1%) 00 --

Tigecycline 2 (10%) 1 (7.1%) 3 (27.2%) 00 --
Gentamicin 9 (45%) 5 (35.7%) 5 (45.4%) 1 (20%) 3 (27.2%)

Clindamycin -- -- -- -- 6 (54.5%)
Erythromycin -- -- -- -- 8 (72.7%)
Cotrimoxazole -- -- -- -- 5 (45.4%)

Cefoxitin -- -- -- -- 6 (54.5%)
Vancomycin -- -- -- -- 00
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DISCUSSION
Lower respiratory tract infections of bacterial 
origin are one the most serious clinical condi-
tions among patients admitted to the hospital, 
especially in critical care units. The clinical 
outcome remains poor among patients with 
underlying comorbidities, diabetes mellitus, 
cystic fibrosis, chronic obstructive pulmonary 
disease, patients admitted to ICU, asthma and 
other conditions associated with immunode-
ficiency. The correct microbiological diag-
nosis, appropriate application of clinical and 
laboratory findings and early antibiotic treat-
ment are crucial for the management of cases. 
This study aimed to determine the prevalence 
and antibiotic resistance patterns of bacterial 
pathogens causing LRTI among the patients 
of Manipal Teaching Hospital, Pokhara, Ne-
pal.

Present research findings highlight the etio-
logical agents associated with LRTI along 
with their antibiotic resistance patterns. In 
our study, bacterial pathogens were isolated 
in 18.1% of cases. Similar studies conducted 
in other parts of Nepal reported higher isola-
tion rates as compared to our study findings.
[14,15] A lower isolation rate in our study 
could be due to a higher percentage of admit-
ted patients using broad-spectrum antibiotic 
therapy before sample collection. The find-
ings of our study are comparable with a study 
by Ahmed et al. from India with an isolation 
rate of 17.03%.[16] The isolation rate from 
the clinical samples varies depending upon 
various factors such as the quality of the sam-
ples, transportation, preservation, processing 
methods, antibiotic therapy and many other 
factors. Isolation of bacterial pathogens was 
significantly higher in males as compared to 
females (p-value <0.001). This may be due 
to more associated risk factors of respiratory 
tract infection such as smoking, alcohol con-
sumption etc. Similar findings are reported by 
Ahmed et al. and Shah et al.[16,17]

Etiological diagnosis is crucial in the man-
agement of LRTI, especially among patients 
with additional risk factors. In our study, as-
sociation of Gram-negative bacteria was sig-
nificantly higher 80.9% (55/68) as compared 
to Gram-positive bacteria 19.1% (13/68). 
Similar findings are reported by researchers 
from other parts of Nepal and neighbouring 
countries.[14-18] Acinetobacter species were 
the most common bacteria isolated followed 
by Klebsiella species, Pseudomonas aeru-
ginosa and Staphylococcus aureus. In other 
studies from Nepal, Klebsiella pneumoniae 
was reported as the most common bacterial 
pathogen.[15,19] This could be due to a high 
number of the samples in our study were from 
admitted patients. Acinetobacter species are 
considered as one of the most important noso-
comial pathogens with their ability to resist 
a wide range of broad-spectrum antibiotics. 
Isolation of a high number of Acinetobacter 
species is a big threat to the clinician due 
to the possibility of treatment failure. Isola-
tion of bacterial pathogens was significantly 
higher among admitted patients as compared 
to outpatients (p value<0.001). Isolation of 
other Gram-negative respiratory pathogens 
like Streptococcus pneumoniae (2.9%), Hae-
mophilus influenzae (2.9%) was less which 
is probably due to the routine immunization 
program introduced in Nepal. These findings 
are comparable with findings by Subedi et al. 
with an isolation rate of 2.8%.[20]

Increasing antibiotic resistance with an in-
creasing percentage of MDR pathogens is a 
global burden, particularly in hospitals in de-
veloping countries. Antimicrobial resistance 
patterns of bacterial pathogens vary from hos-
pital to hospital within and outside the coun-
try. As per our study findings, tigecycline and 
colistin were the most effective drugs against 
Gram-negative isolates. However, the emer-
gence of colistin and tigecycline-resistant 
isolates is alarming due to limited treatment 
options. Colistin and tigecycline-resistant iso-
lates of Acinetobacter species were reported 
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previously among ICU patients.[21] High 
resistance was detected against gentamicin, 
ciprofloxacin, cefepime and cefoperazone 
sulbactam. Among Acinetobacter species, 
40% (8/20) were MDR isolates. The major-
ity of these MDR isolates were cultured from 
patients with age >60 years. Among S. aureus 
isolates, 54.5% were MRSA. Isolation of a 
high percentage of MRSA increases the risk 
of systemic infections and is also associated 
with high mortality rates. All the isolates of S. 
aureus were susceptible to vancomycin.

CONCLUSION
Gram-negative bacilli were predominantly 
associated bacterial pathogens in LRTI and 
Acinetobacter species was the most common. 
S. aureus was common among the Gram-
positive bacteria. A high percentage of MDR 
isolates were detected among Gram-negative 
bacilli. Colistin and tigecycline were the most 
effective treatment options for the MDR 
pathogens.
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