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Background: Respiratory tract infection due to Gram-negative bacteria is a common cause of morbidity and 
mortality worldwide. This study was carried out to determine the antimicrobial susceptibility pattern of Gram-
negative bacteria from patients with lower respiratory tract infection visiting Kathmandu University Hospital.

Methods: A total of 3,403 respiratory samples including sputum and endotracheal aspirates were processed and 
antibiotic resistance pattern was determined following Clinical Laboratory Standard Institute guidelines. Patients’ 
information was obtained after informed consent.

Results: Growth of Gram-negative bacteria was 210 (6.17%). 83(39.52%) were Klebsiella pneumoniae followed 
by Escherichia coli, Pseudomonas aeruginosa, Acinetobacter species, Klebsiella oxytoca, Enterobacter species, Proteus mirabilis 
and Haemophilus influenzae. 151(71.90%) isolates were multidrug resistant. None of the strains were resistant to 
colistin. 51(24.29%) were resistant to carbapenem and out of these 3(1.43%) were metallo-β lactamase producers. 
89(65.92%) of the patients having both pneumonia along with other respiratory illnesses were above 60 years of 
age indicating that old age might be a predisposing factor. (p value is less than 0.0001). 92(81.42%) of patients 
of age above 60 years had multidrug resistant isolates indicating that old age might be a predisposing factor for 
getting infection my multidrug resistant isolates. (p value equals 0.0012) Among 36 diabetic patients 33(91.67%) 
had multidrug resistant isolates. Whereas out of 174 non-diabetic patients only 118(67.82%) had multidrug resistant 
isolates (p value equals 0.0037).

Conclusions: Multidrug-resistant Gram negative bacteria were observed in respiratory samples. Effective treatment 
of lower respiratory tract infection need detailed microbiological diagnosis and drug susceptibility testing.
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INTRODUCTION

Lower respiratory infections are the most deadly 
communicable disease, causing 3 million deaths 
worldwide in 2016.1 In Nepal there were a total of 
8,76,041 cases of lower respiratory tract infection in 
the year 2074/75.2   Previous study in Nepal showed 
that among Gram-negative bacteria; Klebsiella spp., 
Escherichia coli, Pseudomonas spp., Haemophilus 
influenzae, Acinetobacter spp., commonly caused lower 
respiratory tract infection.3 

Importance of ESBL-mediated infections has been 
increasingly recognized and resistance to other 
antibiotics has been noted among ESBL-producing E. coli 

and Klebsiella species.4 This has led to the increased use 
of carbapenems but empirical treatment of suspected 
ESBL-producer infections with carbapenems has been 
associated with increase in carbapenem resistance.5 

The outcome of community acquired pneumonia has 
significant impact in elderly and diabetic patients.6, 7

This study aims to find out Gram-negative bacteria 
causing LRTI and their antibiotic resistance pattern 
along with few predisposing factors.

METHODS

The study was descriptive cross-sectional study, which 
was conducted at Microbiology lab of Kathmandu 
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University Hospital, Dhulikhel from the month of 
November 2018 to October 2019.  Ethical clearance 
was taken from Institutional Review Committee of 
Kathmandu University Hospital before the study was 
conducted. (Protocol approval number: 129/18)

All samples such as sputum, tracheal aspirate, 
endotracheal secretion and bronchial washings received 
from lower respiratory tract were included in the 
study and was processed for culture and sensitivity as 
recommended by Clinical Laboratory Standards Institute 
(CLSI) 2018.8

Patients with pulmonary Tuberculosis, atypical 
pneumonia and growth of normal flora were excluded 
from this study. After obtaining informed consent clinical 
data collection was done by history taking and clinical 
examination by the researcher himself with the help of 
consultant doctor taking care of the patient as well as by 
going through the medical and lab records. 

The samples were cultured on Chocolate agar (CHA), 5% 
Sheep Blood agar (BA) and MacConkey agar (MA) plates. 
The CHA plates were incubated in CO2 incubator (10% 
CO2) at 37ºC for 24 hours while BA and MA plates were 
incubated at 37ºC for 24 hours in aerobic atmosphere. 
All the bacteria were isolated and identified using colony 
morphology, microscopy and biochemical tests following 
standard procedures.8

All the respiratory isolates were tested for antibiotic 
susceptibility by modified Kirby Bauer disc diffusion 
method in compliance with Clinical Laboratory 
Standards Institute (CLSI) 2018 guidelines on Mueller 
Hinton agar plates.8   For Colistin susceptibility broth 
microdilution (BMD) method was done according to CLSI 
2018 guidelines.8

Definition of ESBL: They are capable of hydrolyzing 
penicillins, broad-spectrum cephalosporins and 
monobactams, but they do not affect the cephamycins or 
carbapenems and their activity is inhibited by clavulanic 
acid.9

The initial screen test for the production of ESBL 
was performed by using ceftriaxone (CRO) (30 μg), 
ceftazidime (CAZ) (30 μg) and cefotaxime (CTX) (30 μg) 
disks (Oxoid, UK). If the zone of inhibition (ZOI) was ≤ 25 
mm for CRO, ≤ 22 mm for CAZ and/or ≤ 27 mm for CTX, 
the isolate was considered a potential ESBL- producer as 
recommended by CLSI.8

Combination disk (CD) method was used for the 
phenotypic confirmation of ESBL-producing strains in 
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which CTX and CAZ (30 μg), alone and in combination 
with clavulanic acid (CA) (10 μg) was used (Becton 
Dickinson, USA). An increased ZOI of ≥ 5 mm for either 
antimicrobial agent tested in combination with CA versus 
its zone when tested alone confirmed ESBL.8

Tests for MBL-production in Gram-negative isolates was 
done by Combination disk (CD) method in which two 
IPM disks (10 μg), one containing 10 μl of 0.1 M (292 
μg) anhydrous Ethylene diamine-tetraacetic acid (EDTA) 
(Sigma Chemicals, St. Louis, MO), were placed 25 mm 
apart (center to center). An increase in zone diameter 
of >4mm around the IPM-EDTA disk compared to that of 
the IPM disk alone was considered positive for an MBL.10

Data were analyzed by (SPSS) version 11.5 software and 
P value less than 0.05 was considered significant.

RESULTS

Total number of sputum & other samples (tracheal 
aspirate, Endotracheal tube secretion etc.) received 
during the study was 3,403. Out of this growth of 
Gram-negative bacteria was only 210 (6.17%). This 
isolation rate would have increased if we had included 
Gram-positive bacteria also. 83(39.52%) of the isolates 
were Klebsiella pneumoniae followed by 59(28.09%) 
Escherichia coli, 40 (19.05%) Pseudomonas aeruginosa, 
18(8.57%) Acinetobacter species, 6(2.86%) Klebsiella 
oxytoca, 2(0.95%) Enterobacter species, 1(0.48%) 
Proteus mirabilis and 1(0.48%) Haemophilus influenzae. 
Out of 210 isolates 151(71.90%) isolates were multidrug 
resistant.

Majority of K. pneumoniae strains, 70(84.34%) were 
resistant to Cefotaxime, Ceftriaxone and Amoxycillin-
clavulanic acid, 69(83.13%) were resistant to Cefixime 
and Piperacillin-tazobactum, 68(81.93%) strains were 
resistant to Levofloxacin, Cefepime and Cefoparazone 
salbactum. 67(80.72%) strains were resistant 
to Ciprofloxacin, 66(79.52%) strains resistant to 
Cotrimoxazole and Gentamicin. Only 28(33.73%) strains 
were resistant to Amikacin and carbapenem group of 
drugs and none of the strains were resistant to Colistin 
as shown in table 1.

36 strains of K. pneumoniae were ESBL producer, 25 
strains were sensitive only to Colistin by both disk 
diffusion as well as broth microdilution method and 11 
strains were sensitive to all drugs.

Majority of E. coli strains, 53(89.83%) were resistant to 
Amoxycillin-clavulanic acid, Ciprofloxacin, Levofloxacin, 
Cefixime, Cefotaxime, Ceftriaxone, Cefepime and 
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Gentamicin. 51(86.44%) strains were resistant to 
Cotrimoxazole and Cefoperazone-salbactum. 49(83.05%) 
strains were resistant to Piperacillin-tazobactum. Only 
22(37.29%) strains were resistant to Amikacin, only 
6(10.17%) strains were resistant to Carbapenems and 
none of the strains were resistant to Colistin as shown 
in table 1.

31 strains of E. coli were ESBL producer, 6 strains were 
sensitive only to Colistin and 5 strains were sensitive to 
all drugs.

All K. oxytoca strains were resistant to Cotrimoxazole. 
5(83.33%) were resistant to Amoxycillin-clavulanic acid, 
Ciprofloxacin, Levofloxacin, Cefixime, Cefotaxime, 
Ceftriaxone, Cefepime, Cefoperazone-salbactum, 
Piperacillin-tazobactum, Gentamicin. 1(16.67%) strains 
were resistant to Carbapenems. None of the strains were 
resistant to Amikacin and Colistin as shown in table 1.

Enterobacter strains were resistant to Amoxycillin-
clavulanic acid and Cefotaxime. 1 (50%) strains were 
resistant to Cotrimoxazole, Ciprofloxacin, Levofloxacin, 
Cefixime, Ceftriaxone, Cefepime, Cefoperazone-
salbactum, Piperacillin-tazobactum and Gentamicin. 
None of the strains were resistant to Amikacin, 
Carbapenems and Colistin as shown in table 1.

The only one strain of P. mirabilis was not resistant to 
any antibiotics.

Table 1. Antibiotic resistance pattern of K. pneumoniae 
and E. coli. 

Antibiotics/
Organism

K. 
pneumoniae 

(n=83)

E. coli
(n=59)

K. 
oxytoca 

(n=6)
Amoxycillin 
clavulanic 
acid

70(84.34%) 53(89.83%) 5(83.33%)

Cotrimoxazole 66(79.52%) 51(86.44%) 6(100%)

Ciprofloxacin 67(80.72%) 53(89.83%) 5(83.33%)

Levofloxacin 68(81.93%) 53(89.83%) 5(83.33%)

Cefixime 69(83.13%) 53(89.83%) 5(83.33%)

Cefotaxime 70(84.34%) 53(89.83%) 5(83.33%)

Ceftriaxone 70(84.34%) 53(89.83%) 5(83.33%)

Cefepime 68(81.93%) 53(89.83%) 5(83.33%)
Cefoperazone-
salbactum 68(81.93%) 51(86.44%) 5(83.33%)

Piperacillin-
Tazobactum 69(83.13%) 49(83.05%) 5(83.33%)

Gentamicin 66(79.52%) 53(89.83%) 5(83.33%)

Amikacin 28(33.73%) 22(37.29%) 0(0.00%)

Imipenem 28(33.73%) 6(10.17%) 1(16.67%)

Meropenem 28(33.73%) 6(10.17%) 1(16.67%)

Colistin 0(0.00%) 0(0.00%) 0(0.00%)

5(12.5%) of P. aeruginosa were resistant to Ciprofloxacin, 
Ceftazidime. 3(7.5%) were resistant to Levofloxacin, 
Cefepime, Gentamicin. 2(5%) were resistant to 
Piperacillin-tazobactum, Amikacin and Carbapenems. 
No strains were resistant to Colistin as shown in table 2.

17(94.44%) of Acinetobacter were resistant to 
Ciprofloxacin, Levofloxacin, Ceftazidime, Cefotaxime, 
Cefepime. 16(88.89%) were resistant to Piperacillin-
tazobactum and Cefoperazone-salbactum. 14(77.78%) 
were resistant to Gentamicin and Carbapenems. 
11(61.11%) were resistant to Amikacin. No strains were 
resistant to Colistin as shown in table 2.

Table 2. Antibiotic resistance pattern of Pseudomonas 
aeruginosa (n=40) and Acinetobacter. 
Antibiotics/
Organism

P. aeruginosa 
(n=40)

Acinetobacter
(n=18)

Ciprofloxacin 5 (12.50%) 17 (94.44%)

Levofloxacin 3 (7.50%) 17 (94.44%)

Ceftazidime 5 (12.50%) 17 (94.44%)

Cefotaxime 17 (94.44%)

Cefepime 3 (7.50%) 17 (94.44%)

Cefoperazone-
salbactum 16 (88.89%)

Piperacillin-
Tazobactum 2 (5.00%) 16 (88.89%)

Gentamicin 3 (7.50%) 14 (77.78%)

Amikacin 2 (5.00%) 11 (61.11%)

Imipenem 2 (5.00%) 14 (77.78%)

Meropenem 2 (5.00%) 14 (77.78%)

Colistin 0 (0.00%) 0 (0.00%)

Single strain of H. influenzae was not resistant to any 
antibiotics.

Out of total Gram negative isolates in the study 51(24.29%) 
were resistant to carbapenem and out of these 3(1.43%) 
were metallo-β lactamase (MBL) producers.

Regarding the clinical profile, 75(35.71%) patients 
had only pneumonia and no other respiratory illnesses 
whereas remaining 135(64.29%) had pneumonia with 
acute exacerbation of chronic obstructive pulmonary 
disease and other illnesses. Within this 89(65.92%) of 
the patients having both pneumonia along with other 
respiratory illnesses were above 60 years of age. Among 
patients having only pneumonia 25(33.33%) of the 
patients were above 60 years of age. This indicated that 
old age might be a predisposing factor for both illnesses 
together. (P value is less than 0.0001)

Among 113 patients who were above age 60 years, 
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92(81.42%) had MDR isolates and among 97 patients 
who were below age 60 years, only 59(60.82%) had 
MDR isolates. This indicated that again old age might 
be a predisposing factor for getting infection my MDR 
isolates. (P value equals 0.0012)

Among 36 diabetic patients 33(91.67%) had MDR 
isolates. Whereas out of 174 non-diabetic patients only 
118(67.82%) had MDR isolates. (P value equals 0.0037)

DISCUSSION

The study detected Gram negative bacterial isolates 
from lower respiratory tract infection and found 
antibiotic resistance pattern. Few risk factors were 
also determined. Growth of Gram-negative bacteria 
out of total sample was only 6.17%, which is much less 
compared to the study conducted by Mishra et al, in 
which the growth of Gram negative bacteria isolate 
was 40%.11 The reason why we observed so less isolates 
here might be because we did not include Gram positive 
isolates in our study. 

Klebsiella pneumoniae is a prominent opportunistic 
pathogen for hospital-acquired and community-acquired 
infections such as pneumonia, urinary tract infection 
and pyogenic liver abscess.12 Our study found that the 
most common isolate causing LRTI  was K. pneumoniae 
39.52%, followed by E. coli, P. aeruginosa, Acinetobacter 
species, K. oxytoca, Enterobacter species, P. mirabilis 
and H. influenzae. Other studies also observed that K. 
pneumoniae was the commonest gram negative isolate 
in lower respiratory tract infection.13 

Problem of multidrug resistance seems to be more 
prominent in our setting since we observed that 71.90% 
isolates were multidrug resistant, and out of this 1.43% 
were metallo-β lactamase (MBL) producers which are 
more than the finding of Mishra et al, in which 53.7% 
were MDR and 1.3% was MBL producers.11

Colistin was found to be the best drug for K. pneumoniae. 
But more than 79% were resistant to cephalosporins, 
penicillins and penicillin with beta-lactamase inhibitor, 
fluoroquinolones, cotrimoxazole and gentamicin. But 
only 33.73% strains were resistant to amikacin and 
carbapenems. 43.37% of K. pneumoniae were ESBL 
producer. In our study colistin seemed to be useful for 
the treatment of carbapenem resistant K. pneumoniae 
strains which has also been mentioned in article by 
Petrosillo et al.14

For E. coli, again colistin seemed to be the best drug. But 
more than 80% strains were resistant to cephalosporins, 
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penicillins and penicillin with beta-lactamase inhibitor, 
fluoroquinolones, gentamicin and cotrimoxazole. Only 
37.29% strains were resistant to amikacin and only 10.17% 
strains were resistant to carbapenems. ESBL production 
was more among E. coli, 52.54% in comparison to K. 
pneumoniae. Carbapenemase production seemed less 
among E. coli in comparison to K. pneumoniae which 
agrees with the findings by Jean et al.15  

In our study in contrast to K. pneumoniae, for K. oxytoca 
beside colistin, amikacin also seemed to be best drug. 
But all strains were resistant to cotrimoxazole and 
more than 80% strains were resistant to cephalosporins, 
penicillins and penicillin with beta-lactamase inhibitor, 
fluoroquinolones and gentamicin. Only 16.67% strains 
were resistant to carbapenems. Carbapenemase 
producing K. oxytoca causing pneumonia has also 
become an issue recently and has been reported in other 
studies too.16,17

None of the Enterobacter strains were resistant to 
amikacin, carbapenems and colistin.  But both strains were 
resistant to amoxycillin-clavulanic acid and 50% strains 
were resistant to cephalosporins, fluoroquinolones, 
cotrimoxazole, piperacillin-tazobactum and gentamicin. 
Multidrug resistant Enterobacter has also emerged as 
a causative agent of systemic infections in the past in 
other centers also.18 The only one strain of P. mirabilis 
was not resistant to any antibiotics.

In case of P. aeruginosa again colistin seemed to be best 
drug. 5% were resistant to piperacillin-tazobactum, 
amikacin and carbapenems. Carbapenem resistance 
among P. aeruginosa isolates from lower respiratory tract 
infection in our study was much less than the findings of 
Gladstone et al, in which it was 42.8%.19

In case of Acinetobacter too none of the strains were 
resistant to colistin. 77.78% were resistant to gentamicin 
and carbapenems. Only 61.11% were resistant to 
amikacin. In our center carbapenem resistance among 
Acinetobacter was much more than the findings of 
Gladstone et al, in which it was only 14.2%.19 Hence, 
it is necessary for our center to control antibiotic 
resistance among Acinetobacter. The only one strain of 
H. influenzae isolated in our study was not resistant to 
any antibiotics.

Out of total Gram negative isolates in the study 24.29% 
were resistant to carbapenem and out of these 1.43% 
were metallo-β lactamase (MBL) producers which is 
much less than the finding of Mishra et al, in which it 
was 9.7%.11  
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65.92% of the patients having both pneumonia along 
with other respiratory illnesses were above 60 years of 
age. Among patients having only pneumonia 33.33% of 
the patients were above 60 years of age. This indicated 
that old age might be a predisposing factor for both 
illnesses together (p value is less than 0.0001). 

COPD seemed to be the most frequent comorbid 
condition present in elderly patients with pneumonia. 
Similar findings has been found by Restrepo et al.20

81.42% of the patients of age above 60 years had MDR 
isolates and only 60.82% of the patients of age below 
60 years had MDR isolates. This indicated that again 
advancing age might be a predisposing factor for getting 
infection my MDR isolates (p value equals 0.0012). Drug 
resistant bacterial pneumonia in elderly patients was 
also found in study conducted by Feng et al.21

In our study 91.67% of diabetic patients had MDR 
isolates. Whereas only 67.82% of non-diabetic patients 
had MDR isolates (p value equals 0.0037). This indicates 
that diabetes might be a risk factor for acquiring lower 
respiratory tract infection by MDR bacteria which might 
even lead to morbidity and mortality of the patients. 
Such type of finding has been mentioned in the study 
conducted by Kornum et al.22

Some of the limitations of this study might be the 
study duration was short and patients were much 
less to determine all possible bacteria causing lower 
respiratory tract infection. All possible risk factors were 
not determined. Molecular analysis of the isolates was 
not performed.

CONCLUSIONS

The present study showed that Klebsiella pneumoniae 
was the commonest Gram negative bacteria causing 
lower respiratory tract infection. Increasing multidrug 
resistance especially ESBL producers and carbapenem 
resistance along with predisposing factors such as 
diabetes and old age have become a major concern. 
Management of lower respiratory tract infection in the 
community as well as hospital by early investigation and 
analysis of infection and controlling of risk factors might 
help to reduce the burden of respiratory tract infection 
in healthcare centers and community.
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