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Introduction 
 

Gram-negative bacteria are among the most significant 

contributors to global public health challenges due to 

their high levels of antibiotic resistance (Aloraifi et al., 

2023). These pathogens, primarily represented by two 

major groups—Enterobacteriaceae and non-fermenting 

bacteria—constitute a substantial proportion of clinical 

isolates worldwide. Over time, Gram-negative bacilli 

have evolved various mechanisms to resist antibiotics, 

complicating treatment strategies (Agarwal et al., 2019). 

 

Antibiotic resistance, in general, poses a critical global 

health issue, driving increased morbidity, mortality, and 

healthcare costs. The prevalence and patterns of 

resistance among pathogens are shaped by a number of 

factors such as time of hospital stay, geographic 

variations, and the specific hospital wards where 

infections arise (Edem et al., 2013). The growing 

prevalence of antibiotic resistance has compromised the 

efficacy of many antibiotics in treating complex, life-

threatening infections.  

 

This reduced effectiveness is predominantly driven by 

the widespread and escalating use of antimicrobials in 

human medicine, veterinary care, and agricultural 

practices; therefore, the prudent and judicious use of 

antibiotics is crucial in mitigating the spread of 

antimicrobial resistance (Naddaf, 2024; Akereuke et al., 

2023). The alarming global spread of multi- and pan-
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resistant bacteria, often termed “superbugs,” is 

particularly concerning, as these pathogens cause 

infections that are increasingly resistant to available 

antimicrobial treatments (WHO, 2020). Multidrug 

resistance (MDR) is defined as resistance to at least one 

antimicrobial agent in three or more different drug 

classes, as determined through in vitro antimicrobial 

susceptibility testing. Extensively drug-resistant (XDR) 

organisms are characterized by resistance to at least one 

agent in all but sensitive to two or fewer antimicrobial 

categories (Rajbhandari et al., 2024). The antimicrobial 

categories utilized to define multidrug resistance (MDR) 

and extensively drug resistance (XDR) include 

aminoglycosides, carbapenems, fluoroquinolones, 

antipseudomonal penicillin combined with β-lactamase 

inhibitors and extended-spectrum cephalosporins 

(Agiorakos et al., 2012). 

 

The prevalence of multidrug-resistant (MDR) and 

extensively drug-resistant (XDR) Gram-negative bacteria 

(GNB) being on the rise, lacks a single effective 

antibiotic for comprehensive treatment, necessitating 

continuous surveillance for development of targeted 

treatment protocols and timely therapeutic strategies 

(Rajbhandari et al., 2024). This study aims to assess the 

prevalence of Gram-negative bacilli (GNB) isolated from 

clinical specimens and determine the proportion of these 

isolates exhibiting multidrug resistance (MDR) and 

extensively drug resistance (XDR). By analyzing the 

distribution and resistance patterns, the study seeks to 

provide valuable insights into the burden of MDR and 

XDR GNB within a clinical setting, contributing to better 

understanding and management of these challenging 

pathogens. 

 

The aim of the study was to determine the prevalence of 

Gram-negative bacilli from clinical specimens and to 

estimate the prevalence of MDR and XDR.  

 

Materials and Methods 
 

This prospective cross-sectional study was conducted in 

the Department of Microbiology at SHKM Government 

Medical College, Nalhar, Haryana, over a six-month 

period from July 2022 to December 2022, following 

approval from the Institutional Ethics Committee (IEC). 

A total of 296 clinical samples such as urine, pus, blood 

and tracheal aspirate were obtained from multiple 

hospital departments, including the Outpatient 

Department (OPD), Intensive Care Unit (ICU), Pediatrics 

Ward, Male and Female Orthopedics Wards, Male and 

Female Surgery Wards, and Obstetrics and Gynecology 

Ward under aseptic conditions and transported to 

microbiology laboratory for processing according to 

standard microbiological protocols (Cheesebrough, 

2010). The study included all Gram-negative bacilli 

(GNB) isolates from clinical samples meeting the criteria 

for either multidrug-resistant (MDR) or extensively drug-

resistant (XDR). Isolates which were susceptible to first 

line antibiotics or repeated isolates from same sample 

were excluded from the study. 

 

Using a sterile loop, the collected samples were 

inoculated onto various culture media, including Blood 

Agar (SBA), MacConkey Agar, and Cysteine Lactose 

Electrolyte Deficient (CLED) Agar. The inoculated 

plates were incubated at 35°C for 24 hours, followed by 

gram stain and biochemical tests. Gram-negative bacilli 

(GNB) isolates obtained from these samples were then 

subjected to antimicrobial susceptibility testing by 

modified Kirby Bauer disk diffusion method, performed 

in accordance with the Clinical and Laboratory Standards 

Institute (CLSI) guidelines (CLSI, 2019). 

 

Results and Discussion 
 

During the study period, a total of 296 clinical samples 

were processed in the microbiology laboratory. Among 

these, 163 samples (55%) yielded Gram-negative bacilli 

(GNB) isolates. The distribution of sample types 

included 84 pus samples (51.5%), 56 urine samples 

(34.3%), 21 blood samples (12.8%), and 2 samples 

(1.2%) from other sources (Table.1). Among the 163 

Gram-negative isolates, 120 (73.6%) were identified as 

fermenters, while 43 (26.3%) were non-fermenters. 

Within the fermenting group, Escherichia coli was the 

most isolated organism, accounting for 54 isolates 

(45.3%), followed by Klebsiella spp. with 60 isolates 

(50.4%), and Enterobacter spp. with 5 isolates (4.2%). In 

the non-fermenting group, Acinetobacter spp. accounted 

for 15 isolates (34.9%), while Pseudomonas spp. was the 

predominant isolate, with 28 cases (65.1%) (Table.2). 

 

Antimicrobial resistance patterns revealed that among the 

fermenters, 26 isolates (21.66%) were classified as 

multidrug-resistant (MDR), while 6 isolates (5%) were 

identified as extensively drug-resistant (XDR). In 

contrast, among the non-fermenters, 6 isolates (13.95%) 

were MDR, but no XDR isolates were detected (Table.3). 

Antimicrobial resistance is a growing global concern, 

posing a significant threat to public health and 

undermining the effectiveness of infection prevention 
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and treatment strategies (Washington et al., 2006). 

According to the U.S. National Healthcare Safety 

Network, there has been a notable increase in multidrug-

resistant Gram-negative bacilli (MDR-GNB), including 

Escherichia coli, Klebsiella pneumoniae, Enterobacter 

spp., and others, with Acinetobacter spp. accounting for 

more than 60% of these resistant strains. Similarly, the 

European Antimicrobial Resistance Surveillance 

Network has documented concerning resistance trends 

for Gram-negative bacteria, with the highest levels of 

resistance observed in Acinetobacter spp., followed by E. 

coli and K. pneumoniae (Mendes et al., 2011; Saraswat et 

al., 2023). These findings highlight the escalating 

challenge of antimicrobial resistance, particularly among 

Gram-negative pathogens. In a study from South India, 

the prevalence of drug-resistant Gram-negative bacilli 

(GNB) was found to be 53% among isolates from 

patients with community-acquired bacteremia, primarily 

caused by Escherichia coli and Klebsiella spp (Abhilash, 

2010). The prevalence of MDR-GNB among those with 

GNB infections accounted for 19.63 %. The prevalence 

of XDR GNB among the total isolated GNB was 3.68 %. 

which is similar to the prevalence reported from Western 

India, revealing the prevalence of drug-resistant 

Enterobacteriaceae to be approximately 18.5% (Kazi et 

al., 2015). 

 

This study highlights the critical need to address 

antimicrobial resistance in the fight against infectious 

diseases. Through an analysis of the clinical and 

demographic characteristics of positive cases, it 

underscores the growing prevalence of MDR and XDR 

bacterial isolates within healthcare settings. An 

increasing trend of MDR and XDR was observed in 

GNBs which calls for strict infections control practices 

and antimicrobials stewardship. 

 

Table.1 Distribution of Gram-Negative Isolates Across Sample Types 
 

Source of Sample Isolates Percentage 

Urine 56 34.3% 

Pus 84 51.5% 

Blood 21 12.8% 

Others  2 1.2% 

Total 163 100% 

 

Table.2 Distribution of isolates 
 

Isolates Frequency Percentage 

E. coli 54 45.3% 

Klebsiella spp. 60 50.4% 

Enterobacter spp 6 4.4% 

Fermenters 120 73.6% 

Acinetobacter spp 15 34.9% 

Pseudomonas spp. 28 65.1% 

Non fermenters 43 26.3% 

Total 163 100% 

 

Table.3 Classification of types of drug resistance in study sample 
  

Fermenters (n=120) 

(%) 

Non-Fermenters 

(n=43) (%) 

Total 

MDR Isolates 26 (21.66%) 6 (13.95%) 32 (19.63%) 

XDR Isolates 6 (5%) 0 (0%) 6 (3.68%) 
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