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Abstract

The increasing occurrence of antimicrobial resistance in Gram-negative bacteria poses a significant challenge to healthcare
systems worldwide. This study aimed to assess the antimicrobial susceptibility patterns of Gram-negative bacteria isolated
from diverse clinical samples at Sukraraj Tropical and Infectious Disease Hospital in Teku, Kathmandu. A total of 737 clinical
samples (blood, sputum, and urine) were collected over two months, April 2023 to June 2023 and processed for bacterial
culture and identification. The Gram-negative bacteria were identified following conventional methods including Gram
staining and various biochemical tests. An antibiotic susceptibility test was performed using the modified Kirby-Bauer disc
diffusion method on Mueller Hinton agar (MHA) media. The isolates were tested for multi-drug resistance as well as
Extended-spectrum beta-lactamase (ESBL). Of the 74 bacterial isolates, 62 (83.8%) were Gram-negative. The most prevalent
bacteria were found to be E. coli (26, 41.9%) followed by S. Typhi (12, 19.4%), Pseudomonas spp. (9, 14.5%) and Klebsiella spp.
(8,12.9%). Considering the frequency of antibiotics used, isolates showed the highest sensitivity to gentamicin (54, 87.1%). In
contrast, the highest resistance was observed against cefixime (24, 38.7%). Among the 26 E. coli isolates, 13 (50%) were detected
as multidrug-resistant (MDR). Among the 30 urinary isolates examined, 12 (40%) tested ESBL positive during preliminary
screening. Of these 12 preliminary positives, only one isolate was confirmed to produce ESBL. The findings emphasize the
necessity of ongoing monitoring of antibiotic resistance patterns and the crucial role of antibiotic stewardship in controlling
the spread of resistant Gram-negative bacteria in clinical environments.
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Introduction

Gram-negative bacteria exhibit a wide range of
microorganisms that stand out due to their unique cell
wall structure and staining behavior. This distinction is
observed when applying the Gram stain technique,
pioneered by Hans Christian Gram in the 1880s. These
bacteria appear pink or red under a microscope after the
which their

peptidoglycan layer in the cell wall [1].

staining  process, reflects thinner
Gram-negative bacteria comprise many different species,
many of which are dangerous and can cause a variety of
diseases in humans, animals, and plants. Gram-negative
pathogens include Escherichia coli, Salmonella spp.,
Neisseria  gonorrhoeae, ~Enterobacter spp., Pseudomonas
spp.,  Klebsiella

pneumoniae, to name a few. Gram-negative bacteria have

spp, Moraxella  spp., Helicobacter

a characteristic cell wall structure that consists of an outer
(LPS),
phospholipids, and proteins that act as a barrier to many

membrane made of lipopolysaccharides
drugs and host immune systems [2]. The periplasmic

space, which exists between the outer and inner

membranes, contains a variety of enzymes and proteins
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that play critical roles in food uptake, cell wall
remodeling, and tolerance to external stresses [3, 4].
Gram-negative bacteria cause a range of diseases, with
notable examples including E. coli causing
gastrointestinal and urinary tract infections, Salmonella
leading to food poisoning, and enteric fever, and K.
pneumoniae causing hospital-acquired pneumonia and
urinary tract infections [5, 6, 7].

Antibiotic resistance underscores the need for cautious
treatment approaches against these Gram-negative
bacteria. Infections caused by multidrug-resistant (MDR)
bacteria have become a major concern in recent years [8].
MDR is characterized by bacteria's ability to withstand
and reproduce even in the presence of multiple
antibiotics frequently employed to treat infections caused
by Gram-negative bacteria [9]. This resistance arises due
to the overuse and misuse of antibiotics, which allows
bacteria to develop mechanisms to counteract the drugs.
Microorganisms utilize various mechanisms to develop
drug resistance, including horizontal gene transfer via
plasmids, transposons, and bacteriophages, integration
of foreign DNA into bacterial chromosomes through
recombination, and mutations in different chromosomal

loci. These adaptive processes contribute to the growing
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challenge of treating infections caused by resistant
bacterial strains [10, 11]. Antimicrobial resistance (AMR)
issues can be exacerbated in developing countries like
Nepal due to the availability and misuse of antibiotics
without proper medical authorization or supervision
[12]. Unrestricted access to antibiotics can lead to their
inappropriate use, including overuse, under-dosing, or
using antibiotics for non-bacterial infections, which
contributes to the development of drug-resistant
bacterial strains [13]. This highlights the significance of
implementing effective regulations and awareness
programs to ensure responsible antibiotic use and
combeat the rising challenge of antimicrobial resistance in
developing nations [14, 15].

MDR poses a substantial challenge in the healthcare
domain. Gaining insights into the mechanisms behind
MDR in different infections caused by Gram-negative
bacteria is vital for developing effective treatment and
The
antibiotics can lead to the development of resistance

prevention strategies. inappropriate use of
mechanisms in bacteria, enabling them to survive and
proliferate despite antibiotic exposure [16, 17].

One such mechanism involves the production of
extended-spectrum beta-lactamase (ESBLs), which are
enzymes capable of inactivating beta-lactam antibiotics,
rendering them ineffective. Additionally, some bacteria
produce efflux pumps, which serve to expel antibiotics
the their
accumulation and rendering the treatment less effective.
Understanding these resistance mechanisms and their
implications is essential in the battle against MDR in
infections and reinforces the importance of responsible
antibiotic usage to preserve the efficacy of these critical
medications. The increasing use of broad-spectrum
cephalosporin antibiotics has become a major factor in
the rising prevalence of ESBL-producing
microorganisms. The overuse and misuse of these
powerful antibiotics can exert selective pressure on
bacteria, favoring the survival and proliferation of ESBL-
producing strains. Consequently, the prevalence of
ESBL-producing  microorganisms making
infections caused by such bacteria increasingly difficult
to treat due to their resistance to multiple antibiotics [18,
19, 20].

Materials and methods

Sample collection and processing
This was a descriptive cross-sectional study conducted at

from within cell, thereby preventing

rises,

the Department of Microbiology, Sukraraj Tropical and
Infectious Disease Hospital, Teku, Kathmandu. A total of
737 blood, sputum, and urine samples from patients
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visiting the hospital were studied over the duration of
two months from April 2023 to June 2023.

Urine, blood, and sputum samples were collected under
aseptic conditions. Midstream urine specimens were
collected in sterile, wide-mouthed containers. Blood
samples were obtained by venipuncture using sterile
vacutainers. Sputum samples were collected in sterile,
leak-proof containers after instructing patients to provide
an early-morning deep cough specimen. All specimens
were labeled, transported to the laboratory and
processed within 2-4 hours of collection.

A calibrated loop (0.001 ml) was used to inoculate urine
samples onto Cystine Lactose Electrolyte-Deficient
(CLED) agar, MacConkey agar (MA) and Blood agar
(BA), and incubated aerobically at 37°C for 18-24 hours.
Growth of 210° CFU/ml was considered significant for
bacteriuria.

Blood sample (5-10 ml) were inoculated aseptically into
BACTEC culture bottles. Bottles were loaded into the
BACTEC
continuously monitored for microbial growth. When

automated blood culture system and
flagged positive by the instrument, samples were sub
cultured onto BA and MA. Plates were incubated at 37°C
for 24-48 hours to obtain isolated colonies.

Sputum samples were directly inoculated using sterile
loops onto BA, MA and Chocolate agar (CA). MA and BA
plates were incubated at 37°C for 24-48 hours in aerobic

conditions while CA in 5-10% CO..

Isolation and Identification of Gram-negative

bacteria
The bacterial isolates were identified through standard

microbiological methods, including colony morphology
on different culture media, Gram staining, and a series of
biochemical tests [21].

Antibiotic susceptibility test
The Kirby-Bauer disc diffusion method was used to

assess the antibiotic susceptibility of the isolates. Briefly,
a sterile cotton swab was used to inoculate the MHA
plate with a bacterial suspension adjusted to the 0.5
McFarland standard using the lawn culture method.
Using sterile forceps, various antibacterial discs such as
cefixime at (5 pg), ciprofloxacin (5 pg), cotrimoxazole (25
pg), ceftriaxone (30 pg), gentamicin (10 pg), and
nitrofurantoin (300 pg) were placed with even
distribution. The plate was then incubated at 37°C for 24
hours. Following incubation, the zone of inhibition was
measured to determine whether the bacteria were
resistant or sensitive to the antibiotic. An organism was
classified as multidrug-resistant (MDR) if it exhibited
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resistance to at least one agent in three or more antibiotic
classes [22, 23].

Detection of ESBL producer

Only E. coli isolates were tested for their ability to
produce ESBL. The preliminary test for potential ESBL
producers was done using the antibiotics ceftazidime and
cefotaxime. The zone of inhibition around the antibiotics
was measured. For any isolates with zone of inhibition <
22 mm around ceftazidime and < 27 mm around

cefotaxime, they are considered resistant to the
antibiotics and potential ESBL producers.

For phenotypic confirmation of ESBL production, plates
containing cefotaxime (30 pg) or ceftazidime (30 pg)
combined with clavulanate (10 pg) were used, following
CLSI guidelines [24]. A lawn culture of E. coli was
prepared on an MHA plate, and the antibiotic discs were
placed 15 mm apart before being incubated aerobically
overnight at 37°C. ESBL production was indicated by a
>5 mm increase in the zone of inhibition around the
cephalosporin discs compared to their clavulanate-

containing counterparts [25, 26, 27]

Data Compilation and Statistical Analysis
The data were entered into Microsoft Excel 2013 and

statistical studies utilized SPSS statistical analysis
software (SPSS, Inc., Chicago, IL, USA) version 22. The
significance of the obtained results was judged at the 0.05
level. The Chi-square test was used for comparing two or
more groups.

Results

Growth pattern among the processed samples
Out of 737 sample processed, 263 (35.7%) were urine

samples, 260 (35.3%) were sputum samples and 214
(29.1%) were blood samples. Bacterial growth was
observed in 74 (10.05%) samples, while growth was not
detected in the remaining 663 (89.95%) samples (Figure

5

89.95%

B Growth
No growth
Figure 1. Pie chart showing the percentage of growth among
processed samples
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Demographic distribution of samples
Bacterial growth was most frequently observed in

samples from the 40-59 age group (24, 32.4%). Growth
was more common in male patients (50, 67.6%) than in
females (24, 32.4%). In addition, most of the samples from
the outpatients (69, 93.2%) showed growth. Among
clinical specimens, urine showed the highest growth (32,
43.2%).
distribution

Although age appeared to influence the

of bacterial isolates, no significant
association was found with gender, hospital ward or type
of clinical specimen (Table 1).

Table 1. Demographic distribution of samples

Aspects Growth No growth Total P-
(N=74) (N=663) (N=737) Value
n % n % n %
Age group
<19 8 10.8 54 81 62 8.4
20-39 20 270 300 452 320 434
40-59 24 324 196 296 220 299 0.0177
60-79 17 23.0 9% 143 112 152
80-99 5 6.8 18 27 23 3.1
Gender
Male 50 676 379 572 429 582 0.9393
Female 24 324 284 428 308 418
Ward
pact)iZ;ts 69 932 633 955 702 953
In 0.3904
. 5 6.8 30 45 35 4.7
patients
Clinical Specimen
Urine 32 432 231 348 263 357
Blood 19 257 195 294 214 290 03110
Sputum 23 311 237 357 260 353

Bacteriological profile of Gram-negative and

Gram-positive isolates
Among the 74 positive cases, Gram-negative bacteria

were identified in 62 (83.8%), while Gram-positive
bacteria were found in 12 (16.2%) cases. Among all
identified, E. coli exhibited the highest
prevalence at 26 (35.1%). Salmonella Typhi and Klebsiella

bacteria

spp. were reported to have a prevalence rate of 12 (16.2%)
and 8 (10.8%) respectively. Additionally, 4 (80.0%)
samples were from inpatients and 58 (84.1%) were from
outpatients (Table 2).

Among the Gram-positive isolates, Staphylococcus aureus
displayed the highest prevalence both in blood and
sputum samples i.e. 33.3%. In addition, out of 12 samples
showing growth, only one was from an inpatient.
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Table 2. Bacteriological profile of Gram-negative isolates

Adhikari et al.

Table 4. Antibiotic susceptibility profile of sputum

Inpatient  Outpatient Total isolates (N=19)
Sample Isolates (N=5) (N=69) (N=74) Antibiotics used Resistant Sensitive
n % n % n % n % n %
Escherichi ixi . .
Urine DMy 00 24 348 25 apg  Cohxime 7068 12 632
coli Ceftriaxone 5 26.3 14 73.6
p ?fote.u.s i i ’ 29 2 27 Ciprofloxacin 3 15.8 16 84.2
mirabilis Gentamicin 3 15.8 16 84.2
Citrobacter ) ) 3 43 3 41 Cotrimoxazole 5 26.3 14 73.6
PP- Antibiotic susceptibility pattern of blood
Escherichia .
Blood o - - 1 14 1 14  isolates
Salmonella Cotrimoxazole was the most effective antibiotic against
Typhi - - 12174 12 162 3]l tested isolates (13, 100%), while ciprofloxacin
Klebsiella exhibited the highest resistance rate (3, 23%) (Table 5).
Sputum spp. T 200 7 018 108 Table 5. Antibiotic susceptibility profile of blood isolates
Acinetobacter (N=13)
- - 1 14 1 14 R - o
spp- Antibiotics used Resistant Sensitive
Pseudomonas n % n %
2 400 7 10.1 9 12.2 —
spp-. Cefixime 1 7.7% 12 92.3%
E t i 00 00
nterobacter i i 1 14 1 14 Ceftriaxone 1 7.7% 12 92.3%
spp- Ciprofloxacin 3 23% 10 77 %
Total 4 800 58 841 62 838 Gentamicin 2 154% 11 84.6%
Cotrimoxazole - - 13 100%

Antibiotic susceptibility pattern of urinary

isolates
Gentamicin and nitrofurantoin were the most effective

antibiotics against all bacterial isolates, showing a high
sensitivity rate (27, 90%) each. In contrast, most of the
isolated bacteria were resistant to cotrimoxazole (18,
60%) (Table 3).

Table 3. Antibiotic susceptibility profile of urinary
isolates (N=30)

Antibiotics used Resistant Sensitive
n % n %
Cefixime 16 53.3 14 467
Ceftriaxone 14 46.7 16 533
Ciprofloxacin 15 50 15 50
Gentamicin 3 10 27 90
Nitrofurantoin 3 10 27 90
Cotrimoxazole 18 60 12 40

Antibiotic susceptibility pattern of sputum

isolates
Ciprofloxacin and gentamicin demonstrated the highest

sensitivity (16, 84.2%). Conversely, the isolates exhibited
the highest resistance to cefixime (7, 36.8%) (Table 4).
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Susceptibility profile of

isolates to antibiotics
Nitrofurantoin exhibited the highest sensitivity rate

(27, 90%),
gentamicin showed the greatest number of susceptible
isolates (54, 87.1%). Conversely, marked resistance was
observed with cefixime (24, 38.7%) and cotrimoxazole
(23, 37.1%) (Table 6).
Table 6. Antibiotic susceptibility profile of Gram-negative
isolates (N=62)

Gram-negative

against Gram-negative isolates while

Antibiotics used Resistant Sensitive
N % N %

Cefixime 24 38.7% 38  61.3%
Ceftriaxone 20 32.3% 42 67.7%
Ciprofloxacin 21 33.9% 41 66.1%
Gentamicin 8 12.9% 54  87.1%
Nitrofurantoin 3 10% 27 90%
Cotrimoxazole 23 37.1% 39 62.9%

Multi-drug resistance (MDR) pattern of Gram-

negative isolates
Among the 26 E. coli isolates, 13 (50%) were identified as

multidrug-resistant. Of these, 5 (19.2%) isolates were
resistant to two antibiotic classes, 3 (11.5%) isolates were
resistant to three classes, another 3 (11.5%) isolates were
resistant to four classes, and 2 (7.7%) isolates were
resistant to five distinct antibiotic classes. Additionally,
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out of the 8 Klebsiella spp. isolates, only 3 (37.5%) were
multi-drug resistant. Of these, 2 (25%) isolates were
resistant to three different classes, and 1 (12.5%) isolate
was resistant to five classes (Figure 2).

40%
35%
30%
25%
20%
15%
10%

5%

0%

Klebsiella spp

W E. coli

2 3 4 5

No. of Antibiotics classes

No. of Isolates

Figure 2. MDR pattern of Gram-negative isolates

Urinary isolates producing extended-

spectrum beta-lactamase (ESBL)
The preliminary test for potential ESBL producers was

done using the antibiotics ceftazidime and cefotaxime.
Among 30 urinary isolates, 12 displayed resistances
towards either ceftazidime or cefotaxime, most of them
being the isolates of E. coli. Plates with cefotaxime (30 pg)
or ceftazidime (30 pg) combined with clavulanate (10 pg)
were utilized for phenotypic confirmation of ESBL
production. Out of 12 isolates tested positive during
preliminary confirmation, only one isolate of E. coli (8.3%)
was found to produce ESBL during the confirmatory test.
(Figure 3).

Non ESBL Producers ESBL Producers

8.30%

91.70%

Figure 3. ESBL-producing E. coli isolates

Discussion

The current study showed the highest prevalence of
Gram-negative bacteria (62, 83.78%) over Gram-positive
bacteria (12, 16.22%). The high frequency of Gram-
negative isolates reported in this study is consistent with
global trends, highlighting their clinical importance. E.
coli (25, 40.3%) was the most common followed by
Salmonella Typhi (12, 19.4%) and Klebsiella spp. (7, 11.3%),
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whereas the lowest prevalence was found to be of
Enterobacter spp. (1,1.6%). A comparable study identified
E. coli as the most prevalent bacterial isolate (179, 52.03%)
[28]. The high prevalence of E. coli in clinical infections
may be attributed to its ubiquitous presence in various
environments, including natural habitats such as soil and
water, as well as its colonization of the human body,
particularly on the skin and within the intestinal tract.
This widespread distribution enables E. coli to frequently
come into contact with potential hosts, thereby increasing
the likelihood of infection and its subsequent detection in
clinical settings [29, 30].

Among the commonly used antibiotics for urinary
isolates, gentamicin and nitrofurantoin were the most
effective, each showing a sensitivity rate of 27 (90%). In
contrast, most bacterial isolates showed resistance to
cotrimoxazole and cefixime, with maximum resistance
rates of 18 (60%) and 16 (53.3%), respectively. Our study
supported the fact that E. coli has the highest prevalence
rate among patients with urinary infections. A similar
study showed that most of the urinary isolates showed
100% resistance to ampicillin while all UTI isolates
exhibited
ceftriaxone,

such as
[31].
Another study found E. coli to be the predominant isolate,

least resistance against drugs
gentamycin and chloramphenicol

showing 100% susceptibility to intravenous antibiotics
like carbapenems (imipenem and meropenem), 98.9% to
amikacin, 96.5% to piperacillin-tazobactam, and 94.3% to
the highest
susceptibility rates were observed for fosfomycin
(95.5%), nitrofurantoin (85.5%), and cefuroxime (82.3%)
[32].

Sputum isolates showed high sensitivity to both

gentamicin. Among oral antibiotics,

ciprofloxacin and gentamicin (16, 84.2% each), while the
highest resistance was observed against cefixime (7,
36.8%). A study conducted at Khadir Mohideen College
in Tamil Nadu, India, revealed that the majority of
sputum isolates were susceptible to amikacin,
cefotaxime, ofloxacin, netilmicin, ciprofloxacin, and
ceftriaxone [33].

Blood isolates in this study showed complete sensitivity
to cotrimoxazole (13, 100%) and high sensitivity to
amoxicillin, cefixime, and ceftriaxone (12, 92.3% each),
while the highest

ciprofloxacin (3, 23%). These results differ from an

resistance was noted against
Ethiopian study, where Gram-negative isolates exhibited
high resistance to cotrimoxazole (53.1%), amoxicillin
(58.8%), ampicillin (70.4%), tetracycline (75.9%), and
gentamicin (76.9%). The discrepancy may be attributed to
variations in local prescribing practices, antibiotic
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availability, and infection control measures, highlighting
the importance of region-specific surveillance. [34].

Antibiotic profiles of Gram-negative isolates provide
beneficial information on commonly used antibiotics.
The exhibited
susceptibility toward gentamicin, a broad-spectrum

Gram-negative  isolates higher
aminoglycoside, with a sensitivity rate of 87.1%.
Nitrofurantoin is a nitrofuran derivative against which
more than 90% of the urinary isolates such as E. coli,
demonstrated sensitivity [35]. The most common cause of
UTIs, E. coli, is very sensitive towards this antibiotic. This
is reassuring with regard to the high sensitivity of
nitrofurantoin, which is a relatively cheap and well-
tolerated drug; thus, it can be considered a first-line drug
in cases of uncomplicated UTI [36]. The rates of high
resistance seen for cotrimoxazole and cefixime in Gram-
negative isolates are 37.1% and 38.7%, respectively.
Generally, cotrimoxazole is commonly used for treating
UTlIs and respiratory tract infections and the increasing
resistance to this antibiotic is going to limit its utility [37].
Cefixime is a third-generation cephalosporin utilized in
the management of infections caused by Gram-negative
bacteria. The resistance rate in this study goes as high as
38.7%, which is a drawing concern since cephalosporins
have relatively broad-spectrum properties and thus are
considered the last resort drugs for MDR treatment.
Overuse and misuse are the backgrounds for developing
resistant strains of cephalosporins, such as those
producing ESBLs [38].

The high prevalence of the MDR Gram-negative isolates,
particularly E. coli, is a matter of considerable worry
within the realm of public health, at 50% prevalence.
MDR bacteria are resistant to multiple classes of
antibiotics, reducing the number of options for the
treatment of infections and thereby increasing the risk of
treatment failure. This will lead most of the time to the
emergence of MDR strains due to the abuse and misuse
of drugs and poor infection control measures, especially
in healthcare settings [39].

This study also examined the presence of ESBL-
producing E. coli isolates in urinary samples. ESBL-type
enzymes confer resistance to a broad range of beta-
lactams, including third-generation cephalosporins. The
ESBL production rate in this study was 8.3%. While this
is a promising finding, it is important to highlight that
linked to
morbidity, mortality, and healthcare costs [40].

ESBL-producing bacteria are increased

Conclusion
The study showed Gram-negative bacteria to be
predominant in clinical samples, with E. coli being the
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most prevalent. Among Gram-negative isolates,

concerning resistance patterns were observed,
particularly for cotrimoxazole and cefixime. The high
rates of MDR observed in E. coli and Klebsiella spp. are
the

monitoring of resistance patterns and formulation of

alarming, highlighting need for continued
evidence-based treatment guidelines based on local
situations to limit the spread of resistant strains.
Detection of ESBL-producing E. coli among urine samples
further underscores the importance of routine ESBL
screening in clinical settings. Thus, future research
should focus on the mechanisms underlying antibiotic
resistance in these pathogens and the development of
strategies to mitigate the impact of MDR bacteria on
public health. Implementing effective surveillance and
promoting responsible antibiotic use are critical steps in
addressing the challenges posed by antimicrobial

resistance.
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