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ABSTRACT

Background: This study aimed to assess the antimicrobial resistance rates of Acinetobacter species and Pseudomonas 
species isolated from clinical samples in an Antimicrobial Resistance (AMR) surveillance site in Gandaki Province, 
Nepal.

Methods: A retrospective analysis of data from an AMR surveillance site was extracted and analyzed, covering 
the time period from January 2020 to June 2024. A total of 575 Acinetobacter species and 687 Pseudomonas species 
were identified, with varying numbers tested for susceptibility against different antibiotics. Resistance rates were 
calculated for each pathogen-antibiotic combination.

Results: Resistance in Acinetobacter species was observed in 49.9% of isolates to amikacin and 42.7% to gentamicin, 
whereas Pseudomonas species showed resistance rates of 21.2% and 18.5%, respectively. Resistance to piperacillin–
tazobactam was identified in 54.0% of Acinetobacter species and 24.6% of Pseudomonas species. Notably, 80.3% of 
Acinetobacter species and 62.6% of Pseudomonas species were resistant to ceftazidime, while carbapenem resistance was 
observed in 59.3% of Acinetobacter species and 14.8% of Pseudomonas species. Norfloxacin resistance was observed in 
38.3% of Acinetobacter species and 43.5% of Pseudomonas species, whereas only 4.0% of Acinetobacter species and 11.4% of 
Pseudomonas species isolates were resistance to tigecycline. Resistance rates varied across sample types, with Acinetobacter 
species from respiratory samples and Pseudomonas species from urine samples exhibiting the highest resistance. 

Conclusions: The study underscores alarming levels of antimicrobial resistance in Acinetobacter species and 
Pseudomonas species. Acinetobacter species demonstrated higher resistance to most antibiotics compared to Pseudomonas 
species. The variation in resistance patterns across sample types highlights the need of infection site and pathogen-
specific antibiotic stewardship strategies.
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INTRODUCTION 

Antimicrobial resistance (AMR) occurs when bacteria, 
viruses, fungi, and parasites no longer respond to 
antimicrobial medicines.1 Global evidence suggests an 
alarming resistance rates among prevalent bacterial 
pathogens.1,2 Acinetobacter baumannii and Pseudomonas 
species are among the six leading pathogens for deaths 
associated with resistance.3 Acinetobacter species and 
Pseudomonas species are commonly associated with 
healthcare infection.4-6 Increasing rates of antibiotic 

resistance among these pathogens are threatening 
the effectiveness of antibiotics used as last-resort 
therapeutic options.7

The rate of nosocomial infections in Nepal was found 
to be high; it showed that 53.5% of cases of such 
infection were due to Acinetobacter species and 39.6% 
due to Pseudomonas aeruginosa. More importantly, 
these pathogens exhibited a higher level of antibiotic 
resistance.8 Resistance patterns of Acinetobacter 
species and Pseudomonas species should be identified 
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to guide the basis for therapeutic decisions in clinical 
settings. Therefore, the objective of this study was 
to determine the antimicrobial resistance rates of 
Acinetobacter species and Pseudomonas species to 
commonly used antibiotics in an AMR surveillance site in 
Gandaki Province, Nepal.

METHODS 

A cross-sectional retrospective analysis of the secondary 
data was performed in one AMR surveillance site in 
Gandaki Province, located at Manipal College of Medical 
Science (MCoMS), Pokhara. The study duration was from 
January to June 2024. 

Data collected for AMR monitoring by the AMR surveillance 
site were requested for the study. The data included the 
total isolates identified from different clinical samples 
and the antibiotics used for antimicrobial susceptibility 
testing of specific pathogens. Retrospective data from 
January 2020 to June 2024 were obtained and edited. 
From the surveillance records, Acinetobacter species 
and Pseudomonas species were selected for analysis. 
Data on isolates, sample types, patient age and sex, 
and antibiotics commonly tested for susceptibility tests 
against Acinetobacter and Pseudomonas species were 
extracted for analysis in the study.

A total of 575 isolates of Acinetobacter species and 687 
of Pseudomonas species were identified during the study 
period. Various antibiotics were tested for antimicrobial 
susceptibility in different numbers each year at the AMR 

surveillance site. All susceptibility tests performed for 
both pathogens across different antibiotics were pooled 
and analyzed. The antimicrobial resistance rate of 
each pathogen was calculated based on the number of 
susceptibility tests performed for each antibiotic against 
for the respective isolate. The data was organized, 
entered, and cleaned in Excel. Analysis was done in 
SPSS version 24. Descriptive statistics were computed 
and presented in tabular form. Ethical approval was 
taken from Manipal College of Medical Science (MCOMS/
IRC/41/GA). Anonymity was maintained of the data 
during compilation and analysis. 

RESULTS

A total of 575 isolates of Acinetobacter species and 687 
of Pseudomonas species were included in the analysis. 
Resistance rates of these pathogens to commonly used 
antibiotics were calculated based on the number of 
susceptibility tests performed for each antibiotic.

Table 1 shows the demographic characteristics of 
patients and sample type distribution of isolates of 
Acinetobacter species and Pseudomonas species. Among 
the total isolates, 60.5% of Acinetobacter species and 
63.0% of Pseudomonas species were from the male 
patients. Among total isolates, 7.0% of Acinetobacter 
species and 7.4% of Pseudomonas species were obtained 
from infant patients. Likewise, 24.7% of Acinetobacter 
species isolates and 39.3% of Pseudomonas species were 
isolated from blood samples.

Table 1. Demographic characteristics of patients and types of sample of Acinetobacter species and Pseudomonas 
species isolates
Variables Acinetobacter species (n=575) Pseudomonas species (n=687)

Number Percent (%) Number Percent (%)

Sex of the patients

Male 348 60.5 433 63.0
Female 227 39.5 254 37.0
Age group of the patients (in years)
Up to one 40 7.0 51 7.4
2 to 5 25 4.3 69 10.0
6 to 18 65 11.3 125 18.2
19 to 60 273 47.5 275 40.0
>60 years 172 29.9 167 24.3
Sample types 
Blood 142 24.7 270 39.3
Urine 81 14.1 171 24.9
Respiratory 156 27.1 92 13.4
Pus 50 8.7 53 7.7
Others 146 25.4 101 14.7
Total 575 100.0 687 100.0
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Table 2 shows the Antimicrobial resistance of Acinetobacter species and Pseudomonas species isolates to common 
antibiotics. Among aminoglycosides, 49.9% of isolates of Acinetobacter species were resistant to amikacin, 42.7% to 
gentamicin, and 61.8% to tobramycin; whereas 21.2% of Pseudomonas species were resistant to amikacin, 18.5% to 
gentamicin and 30.8% to tobramycin. Among quinolones, 50 and 81 isolates of Acinetobacter species were tested 
with levofloxacin and norfloxacin; among the tested, 56.0% and 38.3% isolates were resistant to levofloxacin and 
norfloxacin, respectively. Among the tested Pseudomonas isolates, 25.9% were resistant to levofloxacin and 43.5% to 
norfloxacin. Of the isolates tested, 54.0% of Acinetobacter species and 24.6% of Pseudomonas species were resistant 
to piperacillin-tazobactam. 

Among cephalosporins, cefixime, cefoperazone sulbactam, and ceftazidime were commonly used for susceptibility 
tests. Of the isolates tested with cefixime (115 Acinetobacter species and 74 Pseudomonas species), 82.6% of 
Acinetobacter species and 89.2% Pseudomonas species showed resistance. For cefoperazon sulbactam, 42.9% of 
Acinetobacter species and 41.4% Pseudomonas species isolates were resistant. Similarly, resistance to ceftazidime 
was identified in 80.3% of Acinetobacter species and 62.2% Pseudomonas species isolates. Regarding carbapenems, 
59.3% of Acinetobacter species and 14.8% of Pseudomonas species were resistant to imipenem/meropenem. Of the 
isolates tested, only 4.0% of Acinetobacter species and 11.4% of Pseudomonas species isolates were resistant to 
tigecycline (Table 2).

Table 2. Antimicrobial resistance rates of Acinetobacter species and Pseudomonas species isolates to common 
antibiotics.

Antibiotic classes Antibiotics

Acinetobacter species 
isolates (n=575)

Pseudomonas species 
isolates (n=687)

Tested Resistant, 
n (%)

Tested Resistant,
n (%)

Aminoglycosides Amikacin 349 174 (49.9) 392 83 (21.2)

Gentamicin 307 131(42.7) 363 67 (18.5)

Tobramycin 34 21(61.8) 117 36 (30.8)

Quinolone Levofloxacin 50 28 (56.0) 108 28 (25.9)

Norfloxacin 81 31 (38.3) 85 37 (43.5)

Beta-lactam Piperacillin-tazobactam 472 255 (54.0) 562 138 (24.6)

Cephalosporins Cefixime 115 95(82.6) 74 66 (89.2)

Cefoperazone sulbactam 238 102 (42.9) 304 126 (41.4)

Ceftazidime 71 57(80.3) 139 87(62.6)

Carbapenem Imipenem/meropenem 162 96 (59.3) 155 23 (14.8)

Glycylcycline Tigecycline 375 15 (4.0) 158 18 (11.4)

Table 3 shows the antimicrobial resistance rates of Acinetobacter species derived from different sample types. Of 
the isolates tested for amikacin susceptibility, resistance was observed in 19.5% of blood isolates, 15.0% of urine 
isolates, and 64.6% of respiratory isolates. Resistance to gentamicin was found in 11.1% of blood isolates, 21.7% of 
urine, and 59.7% of respiratory isolates. 

Only a few isolates of Acinetobacter species were tested for tobramycin, levofloxacin, and norfloxacin susceptibility. 
Resistance to piperacillin-tazobactam was observed in 15.1% of blood isolates, 27.7% of urine, and 72.2% of respiratory 
isolates of Acinetobacter species.

Among carbapenems, resistance to imipenem/meropenem was observed in 26.9% of Acinetobacter isolates from 
blood, 43.8% from urine, and 71.2% from respiratory samples. For cotrimoxazole, resistance was noted in 33.3% of 
blood isolates, 41.7% of urine, and 72.1% of respiratory isolates of Acinetobacter species.
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Table 3. Antimicrobial resistance rates of Acinetobacter species isolates to common antibiotics in different clinical 
samples.

Antibiotic classes Antibiotics
Blood (n=142) Urine (n=81)

Respiratory samples 
(n=156)

Tested
Resistant, 
n (%)

Tested
Resistant,
n (%)

Tested
Resistant, 
n (%)

Aminoglycosides
Amikacin 47 17 (19.5) 40 6 (15.0) 96 62 (64.6)
Gentamicin 90 10 (11.1) 46 10 (21.7) 67 40 (59.7)
Tobramycin 4 0 (0) 3 2 (66.7) 10 5 (50.0)

Quinolone
Levofloxacin 6 0 (0) 5 2 (40.0) 10 10 (58.8)
Norfloxacin 7 0 (0) 62 25 (40.3) 4 2 (50.0)

Beta-lactam
Piperacillin-
tazobactam

119 18 (15.1) 47 13 (27.7) 133 96 (72.2)

Cephalosporins

Cefixime 26 16 (61.5) 32 25 (78.1) 18 17 (94.4)
Cefoperazon 
sulbactam

55 8 (14.5) 33 10 (30.3) 71 38 (53.5)

Ceftazidime 20 13 (65) 10 7 (70.0) 14 13 (92.9)

Carbapenem
Imipenem 
meropenem

26 7 (26.9) 16 7 (43.8) 52 37 (71.2)

Glycylcycline Tigecycline 67 0 (0.0) 13 2 (15.4) 129 8 (6.2)
Others Cotrimoxazole 18 6 (33.3) 36 15 (41.7) 43 31 (72.1)

Table 4 shows the antimicrobial resistance rates of Pseudomonas species isolated from different samples types. Of 
the isolates tested for amikacin susceptibility, resistance was observed in 15.6% of blood isolates, 39.6% of urine 
isolates, and 15.5% of respiratory isolates. Resistance to gentamicin was observed in 10.7% of blood, 35.6% of urine, 
and 10.6% of respiratory isolates of Pseudomonas species. Resistance to piperacillin-tazobactam was observed in 
34.9% of Pseudomonas species isolates from blood, 28.7% from urine, and 10.0% from respiratory samples. 

Among Pseudomonas species isolates tested with cefoperazone-sulbactam, resistance was recorded in 52.3% from 
blood, 43.8% from urine, and 25.7% from respiratory samples. For ceftazidime, resistance was identified in 55.8% 
of blood, 77.5% of urine, and 59.1% of respiratory isolates of Pseudomonas species. Among carbapenems, resistance 
to imipenem/meropenem was observed in 4.3% of Pseudomonas species isolates from blood, 33.3% from urine, and 
12.1% from respiratory samples.

Table 4. Antimicrobial resistance rates of Pseudomonas species isolates to common antibiotics in different 
clinical samples

Antibiotic classes Antibiotics
Blood (n=270) Urine (n=171)

Respiratory samples 
(n=92)

Tested
Resistant, 
n (%)

Tested
Resistant, 
n %)

Tested
Resistant, 
n (%)

Aminoglycosides
Amikacin 154 24 (15.6) 91 36 (39.6) 58 9 (15.5)
Gentamicin 149 16 (10.7) 90 32 (35.6) 47 5 (10.6)
Tobramycin 24 10 (41.7) 34 16 (47.1) 19 3 (15.8)

Quinolone
Levofloxacin 45 1 (2.2) 26 14 (53.8) 18 4 (22,2)
Norfloxacin 8 1 (12.5) 73 35 (47.9) 0 NA

Beta-lactam
Piperacillin-
tazobactam

218 76(34.9) 129 37 (28.7) 80 8 (10.0)

Cephalosporins

Cefixime 23 20 (87.0) 26 22 (84.6) 6 6 (100)
Cefoperazon 
sulbactam

130 68 (52.3) 80 35 (43.8) 35 9 (25.7)

Ceftazidime 43 24 (55.8) 40 31 (77.5) 22 13 (59.1)

Carbapenem
Imipenem/ 
Meropenem

46 2 (4.3) 39 13 (33.3) 33 4 (12.1)

Glycylcycline Tigecycline 81 3 (3.7) 18 6 (33.3) 29 5 (17.2)
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DISCUSSION 

This study assessed the antimicrobial resistance rates 
of Acinetobacter species and Pseudomonas species 
in clinical samples recorded at an AMR surveillance 
site against commonly used antimicrobial agents. 
Pathogens, Acinetobacter species and Pseudomonas 
species, are commonly associated with nosocomial 
infection.4-6 Previous evidence states that the rate of 
infections of Pseudomonas species are significantly 
increasing in Nepal.9 The situation gets worse when 
the antibiotic resistance of such pathogens also 
increases. Antimicrobial resistance trend analysis of 
Acinetobacter species also revealed resistance to 
highly potent antimicrobial agents in Hospitals and 
health care settings.10 A study conducted in TU Teaching 
hospital also showed that highly resistant MDR strains of 
Acinetobacter baumannii are common in tertiary care 
hospitals in Nepal.11

Among aminoglycosides, amikacin is commonly used for 
several bacterial infections including intra-abdominal 
infections, meningitis, pneumonia, sepsis, urinary tract 
infections and multidrug-resistant tuberculosis.12,13 In 
the study, 49.9% of Acinetobacter species and 21.2% 
of Pseudomonas species were resistant to amikacin. 
Similar to the study, a study done in Korea in 2009 
showed that the resistance rates of Acinetobacter 
species to amikacin were 48%.14 In contrast, a previous 
study showed that resistance rates of nosocomial 
Acinetobacter baumannii strains between 2009 and 2011 
were higher than the rate in our study.15 It indicates an 
alarming situation, especially when the infections are 
caused by Acinetobacter species. In the study, among 
aminoglycosides, more effective antimicrobial agent 
against Acinetobacter species was found gentamicine 
with a resistance rate of 42.75%; and the tobramycin 
was the least sensitive to the pathogen (61.8%). A similar 
finding was found in a study conducted in Malaysia.16 

In comparison to the present study, resistance rate of 
Pseudomonas aeruginosa to amikacin was observed 
slightly lower (17.4%) in a previous study conducted 
in Western Nepal in 2019.8 These results suggest tht 
amikacin is more effective for treating the infections 
caused by Pseudomonas species than the infections 
caused by Acinetobacter species. 

Out of the isolates tested, 56% and 38.3% Acinetobacter 
species were resistant to levofloxacin and norfloxacin, 
respectively; whereas one-fourth (25.9%) of 
Pseudomonas species isolates were resistant to 
levofloxacin in the study. The findings suggest that 
levofloxacin is relatively more effective against 

Pseudomonas species infections, while norfloxacin seems 
more effective against Acinetobacter species infections. 
Resistant rate of Acinetobacter species to piperacillin-
tazobactam was 54.0%; whereas Pseudomonas species 
showed a lower resistance of 24.6%, less than half that 
of Acinetobacter species. In contrast to the study, the 
most sensitive antibiotic for Pseudomonas aeruginosa 
was a combination of piperacillin and tazobactam with 
a resistant rate of only 3.37% in a previous study.17

Among cephalosporins, Acinetobacter species 
showed the highest resistance to cefixime (82.6%) 
and ceftazidime (80.3%) in the study. In contrast, a 
lower resistance rate (66%) of Acinetobacter species 
to ceftazidime was observed in a surveillance study 
done in Korea in 200914 while an even lower rate (46%) 

of resistance to ceftazidime was reported in a study 
conducted in a tertiary care hospital of India.18 

Regarding Pseudomonas species, resistance to cefixime 
was very high (89.2%), while resistance to ceftazidime 
was slightly lower (62.6%) in the study. A study from 
Bangladesh similarly reported high resistance of 
Pseudomonas aeruginosa to cephalosporins (89.85%).¹⁷ 
Similarly, all isolates were cefixime resistant in a study 
conducted among pediatric population with febrile 
urinary tract infections in a previous study.19 Evidence 
also indicates that resistance of third-generation 
cephalosporin is increasing as more than half of the 
isolated strains demonstrated resistance to these 
antibiotics; and, these strains also revealed multidrug 
resistance against clinically used antimicrobial agents.20 

This suggests that Pseudomonas species are intrinsically 
resistant to third-generation Cephalosporins. It is an 
important evidence that the Performance Standards for 
Antimicrobial Susceptibility Testing published by the 
Clinical and Laboratory Standards Institute (CLSI) in 2025 
has not recommended Cefixime for Pseudomonas species 
susceptibility testing.21 Based on the above findings, it 
can be concluded that third generation cephalosporins, 
except cefoperazone sulbactam, are not effective for 
treating infections caused by Acinetobacter species and 
Pseudomonas species.

Notably, more than half (59.3%) of Acinetobacter 
species isolates were resistant to carbapenems 
(imipenem/meropenem); whereas only 14.8% isolates of 
Pseudomonas species showed resistance to carbapenem 
in the study. Similar evidence is reported that non-
susceptibility rates to carbapenems were highest in 
Acinetobacter baumannii, which also showed a trend of 
increasing carbapenem non-susceptibility over time.22 

Carbapenems resistance in Acinetobacter species 
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has been increasingly reported which has made MDR 
Acinetobacter species infections difficult to treat.23 

A previous study showed that rates of carbapenem 
resistance were up to 66% for Pseudomonas aeruginosa 
and as high as of 90% for Acinetobacter baumannii 
isolates across the different countries of Latin America, 
including the resistance rate of Acinetobacter baumannii 
greater than 50% in many countries.24 Moreover, 
Acinetobacter species demonstrated a statistically 
significant increasing trend in carbapenem resistance in 
study conducted in Ethiopia.25 In contrast to the study, 
Pseudomonas aeruginosa showed higher resistance to 
meropenem (30.6%) in a previous study.26 The results 
suggest that carbapenems are effective for treating 
Pseudomonas species infections in the study area. 

 Remarkably, tigecycline was observed one of the most 
effect antimicrobial agents against both pathogens, 
exhibiting only 4% resistance in Acinetobacter species 
and 11.4% in Pseudomonas species isolates. 

Acinetobacter species isolated from respiratory 
samples showed the highest rate of resistance to most 
of the antibiotics in the study, as compared to the 
isolates derived from other sample types. A previous 
study also reported the variation in resistance rates 
of Acinetobacter species according to the types of 
sample.16 In the present study, amikacin resistance in 
Acinetobacter species was observed in one-fifth (19.5%) 
of isolates from blood, 15% from urine, and more than 
three-fifths (64.6%) from respiratory samples. These 
results suggest that amikacin is not effective for 
treating respiratory infections caused by Acinetobacter 
species. It is remarkable that the 35th edition of 
Performance Standards for Antimicrobial Susceptibility 
Testing published by the Clinical and Laboratory 
Standards Institute (CLSI) in 2025 has recommended 
amikacin susceptibility testing only for urine isolates of 
Acinetobacter species.21

Pseudomonas species isolated from urine samples showed 
the highest rate of resistance to most of the antibiotics 
in the study than the isolates from other sample types. 
The resistance rate of Pseudomonas aeruginosa isolated 
from different specimens to different antimicrobials 
varied greatly in a previous study too.17 This indicates 
that antibiotic resistance rates differ not only by types 
of pathogens but also by the types of sample from which 
the isolates were obtained. 

Conclusively, Acinetobacter species demonstrated higher 
resistance rates to most antimicrobial agents compared 
to Pseudomonas species. The lowest antimicrobial 

resistance rates were observed with tigecycline for both 
groups of pathogens in the study.

The study reported antimicrobial resistance rates of two 
clinically important bacterial species against commonly 
used antibiotics, utilizing a relatively large sample size. 
An important limitation of the study is its reliance on 
recorded data from the AMR surveillance site, which 
excluded a detailed description of the methodology used 
for antibiotic susceptibility testing. Pathogen antibiotic 
resistance was analyzed based on the data available.

CONCLUSIONS 

The study revealed elevated resistance rates of 
Acinetobacter species and Pseudomonas species to 
commonly used antibiotics, particularly cephalosporins. 
Acinetobacter species exhibited consistently higher 
resistance across most antibiotics compared to 
Pseudomonas species, with notably high resistance 
observed against aminoglycosides, cephalosporins, 
piperacillin-tazobactam, and carbapenems. In contrast, 
both pathogens demonstrated relatively low resistance 
to tigecycline, indicating its potential utility as a 
treatment option. Resistance patterns also varied by 
specimen type: Acinetobacter isolates from respiratory 
samples showed markedly higher resistance to most 
antibiotics, whereas Pseudomonas species isolates from 
urine samples demonstrated higher resistance profiles. 
These variations underscore the importance of site 
specific and pathogen specific antibiotic stewardship 
strategies. Overall, the findings highlight the urgent 
need to address antibiotic resistance among common 
hospital-acquired pathogens.
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