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Multidrug-resistant (MDR) and extensively drug-resistant (XDR) gram-negative bacilli (GNB) 

are a leading cause of healthcare associated infections worldwide and pose a growing threat to 

antimicrobial therapy in Indian tertiary care hospitals. To determine the prevalence and 

resistance pattern of MDR/XDR gram-negative bacilli isolated from inpatients and outpatients 

at a tertiary care hospital in Telangana over a one year period. This retrospective, descriptive 

study analyzed 146 multidrug-resistant gram negative clinical bacterial isolates recorded in the 

hospital’s antimicrobial resistance surveillance registry between June 2025 and May 2026. 
Organism identification and antimicrobial susceptibility testing were performed by standard 

microbiological methods as per CLSI guidelines 2025edition; isolates were categorized as 

MDR, XDR or pandrug-resistant (PDR) using the Magiorakos et al., international consensus 

definitions. Of 591 total gram negative bacilli 146 (24.7%) gram-negative bacilli were MDROs. 

Of which Klebsiellapneumoniae (56, 38.4%) and Escherichia coli (50, 34.2%) were the 

predominant organisms, followed by Pseudomonas aeruginosa (19, 13.0%) and 

Acinetobacterbaumannii (10, 6.8%). Among GNB isolates, 117 (80.1%) were XDR and 29 

(19.9%) were MDR (non-XDR); XDR rates were highest for A. baumannii (100%), P. 

aeruginosa (89.5%) and K. pneumoniae (89.3%). Inpatients contributed 99 (67.8%) of GNB 

isolates. Urine (37.0%) and blood (13.7%) were the leading specimen types, and Nephrology, 

Internal Medicine and Plastic Surgery were the leading contributing departments. Gram-

negative bacilli, particularly K. pneumoniae and E. coli, constitute the predominant reservoir of 

multidrug resistance in this tertiary care setting, with a strikingly high XDR burden. These 

findings underscore the urgent need for robust antimicrobial stewardship, infection-control 

measures, and judicious, susceptibility-guided use of novel beta-lactam/beta-lactamase-inhibitor 

combinations. 
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Introduction 
 

Antimicrobial resistance (AMR) has emerged as one of 

the most pressing threats to global public health in the 

twenty-first century. A 2022 systematic analysis 

estimated that bacterial AMR was directly responsible 

for 1.27 million deaths and was associated with 4.95 

million deaths worldwide in 2019 alone, with gram-

negative pathogens like Escherichia coli, Klebsiella 

pneumoniae and Acinetobacter baumannii among them 

contributing disproportionately to this burden (Murray et 

al., 2022).  

 

In recognition of this threat, the World Health 

Organization’s 2024 Bacterial Priority Pathogens List 

places carbapenem-resistant Acinetobacter baumannii, 

carbapenem-resistant Enterobacterales and carbapenem-

resistant Pseudomonas aeruginosa in its “critical” 

priority category, reflecting the limited and rapidly 

narrowing therapeutic options against these organisms 

(World Health Organization, 2024). 

 

Gram-negative bacilli (GNB) are principally the 

Enterobacterales (Klebsiella spp., Escherichia coli, 

Proteus spp., Enterobacter spp.) and the non-fermenters 

(Pseudomonas aeruginosa, Acinetobacter baumannii) are 

among the most common causes of healthcare-associated 

and community-onset infections, including urinary tract 

infections, bloodstream infections, ventilator-associated 

pneumonia and surgical site infections. Their propensity 

to acquire resistance determinants extended-spectrum 

beta-lactamases (ESBLs), AmpC enzymes, and, 

increasingly, carbapenemases such as NDM, OXA-48-

like and KPC has progressively eroded the effectiveness 

of first-line and even reserve antibiotic classes. To 

standardize description of this phenomenon, Magiorakos 

et al., proposed internationally accepted interim 

definitions in 2012, classifying an isolate as multidrug-

resistant (MDR) when it is non-susceptible to at least one 

agent in three or more antimicrobial categories, 

extensively drug-resistant (XDR) when it remains 

susceptible to agents in only one or two categories, and 

pandrug-resistant (PDR) when it is non-susceptible to all 

agents in all categories tested (Magiorakos et al., 2012). 

These definitions now underpin national and 

international AMR surveillance, including India’s 

Antimicrobial Resistance Surveillance and Research 

Network and related guidance coordinated by the Indian 

Council of Medical Research (ICMR) (Clinical and 

Laboratory Standards Institute, 2024; Indian Council of 

Medical Research, 2022). 

India carries one of the highest burdens of antimicrobial 

resistance globally, driven by a confluence of factors 

including high infectious-disease burden, widespread and 

often unregulated antibiotic use, variable infection-

control practices, and dense hospital patient loads 

(Murray et al., 2022).  

 

Multiple single-centre studies from across the country 

from Hyderabad (Padmaja et al., 2024) and other parts of 

Telangana (Cheemala et al., 2023), as well as other 

Indian and South Asian tertiary-care hospitals (Kavya et 

al., 2024; Chaudhary et al., 2024; Joseph and Boloor, 

2023) have documented alarmingly high rates of MDR 

and XDR gram-negative infection, particularly in 

intensive care and high-dependency settings.  

 

However, continuous, hospital-level surveillance data 

specific to Telangana remain comparatively limited, and 

such local data are essential because resistance patterns 

vary considerably between institutions, patient 

populations and time periods, and directly inform 

empirical antibiotic policy. 

 

Against this background, the present study was 

undertaken to characterize the prevalence, organism-wise 

distribution, and department- and specimen-level 

correlates of multidrug-resistant gram-negative bacilli 

identified over a one-year period at a tertiary care 

hospital in Telangana, 
 

The aim of the present study was to determine the 

prevalence and antimicrobial resistance patterns of 

multidrug-resistant organisms among Gram-negative 

bacilli isolated from clinical samples of inpatients and 

outpatients at a tertiary care hospital in Telangana. The 

study further aimed to classify the Gram-negative 

bacillary isolates as multidrug-resistant (MDR) or 

extensively drug-resistant (XDR) according to standard 

consensus definitions; determine the organism-wise 

distribution of MDR/XDR isolates and compare their 

antimicrobial resistance rates; and evaluate the 

department-wise and specimen-wise distribution of 

multidrug-resistant organisms, including a comparative 

assessment of their burden among inpatient and 

outpatient populations.  
 

Materials and Methods 
 

Study design and setting 
 

This was a retrospective, descriptive, cross-sectional 
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study conducted in the Department of Microbiology of a 

tertiary care hospital in Telangana, India. 

 

Study period 
 

All multidrug-resistant bacterial isolates recorded in the 

hospital’s antimicrobial-resistance surveillance registry 

between June 2025 and May 2026 (12 months) were 

included. 

 

Study population 
 

Clinical samples received from inpatients (across 

medical, surgical and critical-care departments) and from 

outpatients attending the hospital were included. 

Duplicate isolates from the same patient and specimen 

type were not analyzed separately. 

 

Sample processing and identification 
 

Clinical specimens (urine, blood, pus, tissue, respiratory 

secretions, wound/other swabs, and body fluids) were 

processed as per standard laboratory protocol. Bacterial 

identification was performed by conventional 

biochemical methods and/or automated identification 

systems as per routine departmental practice.  

 

Antimicrobial susceptibility testing (AST) was 

performed by the Kirby–Bauer disc diffusion method and 

automated susceptibility systems, interpreted as per the 

Clinical and Laboratory Standards Institute (CLSI) M100 

performance standards current at the time of testing 

(Clinical and Laboratory Standards Institute, 2025). 

 

Definitions 
 

Isolates were classified as multidrug-resistant (MDR), 

extensively drug-resistant (XDR) or pandrug-resistant 

(PDR) using the international expert consensus criteria 

proposed by Magiorakos et al., wherein MDR denotes 

non-susceptibility to at least one agent in three or more 

antimicrobial categories, and XDR denotes susceptibility 

to agents in only one or two categories (Magiorakos et 

al., 2012). For the purpose of this study, gram-negative 

bacilli (GNB) comprised all Enterobacterales and non-

fermenting gram-negative organisms identified in the 

registry.  
 

Data source and variables 
 

Data were extracted from the departmental laboratory 

MDRO/XDRO registry, including department, specimen 

type, organism identified, resistance category (ESBL, 

AmpC, MDR, XDR, carbapenem-resistant 

Enterobacterales [CRE],) as originally recorded, No 

patient identifiers were used in this analysis; data were 

handled in anonymized, aggregate form. 

 

Statistical analysis 
 

Data were entered and analyzed using Microsoft Excel 

and Python (pandas library). Results are expressed as 

frequencies and percentages. No inferential statistical 

testing was performed, given the descriptive nature of the 

study. 

 

Ethical considerations 
 

This study used retrospectively collected, anonymized 

laboratory surveillance data without patient identifiers 

 

Results and Discussion 
 

During the one-year study period, Of total 591 gram 

negative bacilli isolate 146(24.7%) were multidrug-

resistant recorded in the hospital’s AMR surveillance 

registry which is comparable to other study conducted 

(Kavya et al., 2024), comprising 99 isolates from 

inpatients and 47 from outpatients.  

 

This finding states that nearly three-quarters of the 

multidrug-resistant burden in this institution was 

attributable to gram-negative organisms are consistent 

with the recognition of gram-negative bacilli as a 

predominant reservoir of multidrug resistance in Indian 

tertiary care hospitals (Padmaja et al., 2024; Kavya et al., 

2024), and mirrors the global pattern described by 

Murray et al., in which E. coli, K. pneumoniae and A. 

baumannii ranked among the leading pathogens 

associated with resistance-attributable mortality (Murray 

et al., 2022).  

 

The remainder of this analysis focuses on the 146 gram-

negative bacillary isolates, in keeping with the study’s 

stated aim and objectives. 

 

Organism-wise distribution of gram-negative 

bacilli 

 
Klebsiella pneumoniae was the single most common 

gram-negative bacillus isolated (56/146, 38.4%), closely 
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followed by Escherichia coli (50/146, 34.2%). 

Pseudomonas aeruginosa (19/146, 13.0%) and 

Acinetobacter baumannii (10/146, 6.8%) accounted for 

most of the remainder, with Proteus mirabilis (3, 2.1%) 

and a small number of other species such as Enterobacter 

cloacae, Enterobacter aerogenes, Klebsiella aerogenes, 

Providencia alcalifaciens, Pseudomonas luteola, 

Elizabethkingia meningoseptica, and two polymicrobial 

gram-negative co-isolates making up the remaining 5.5% 

(Figure 1, Table 2). This predominance of Klebsiella 

pneumoniae and Escherichia coli mirrors findings from 

other Indian tertiary-care series, including a Hyderabad-

based study by Padmaja et al., (2024) and a Coastal 

Karnataka ICU-based study by Joseph and Boloor, in 

which E. coli, K. pneumoniae and A. baumannii were 

similarly the leading organisms among multidrug-

resistant gram-negative isolates (Joseph and Boloor, 

2023). A Telangana-based phenotypic carbapenemase-

detection study by Cheemala et al., likewise reported 

Klebsiellapneumoniae as the single most frequent 

carbapenemase-producing organism in the region 

(Cheemala et al., 2023). 
 

MDR versus XDR resistance phenotype 
 

Among the 146 gram-negative bacillary isolates, 117 

(80.1%) met criteria for the extensively drug-resistant 

(XDR) phenotype and the remaining 29 (19.9%) for 

multidrug-resistant, non-XDR (MDR) phenotype (Figure 

3). This XDR proportion is notably higher than the 

64.2% reported among MDR gram-negative bacilli in a 

Coastal Karnataka ICU series (Joseph and Boloor, 2023) 

and higher than rates reported in other tertiary-care 

cohorts (Kavya et al., 2024; Chaudhary et al., 2024), 

although broadly consistent with reports of high XDR 

endemicity among non-fermenting gram-negative bacilli 

in Indian ICU settings, such as the 61.97% XDR rate 

described among Acinetobacter isolates in a five-year 

Varanasi (North India) ICU surveillance study (Banerjee 

et al., 2018). This predominance of the XDR phenotype 

should be interpreted in light of the fact that the analyzed 

dataset represents isolates already flagged within the 

hospital’s MDRO/XDRO surveillance registry, rather 

than a consecutive, unselected series of all gram-negative 

isolates recovered during the period (see Limitations); 

nonetheless, the very high proportion of XDR phenotype 

among these flagged isolates reflects a substantial burden 

of carbapenem and near-pan-class resistance circulating 

within the institution. 

Organism-specific resistance rates diverged considerably 

(Figure 2, Table 2). All ten Acinetobacter baumannii 

isolates (100%) were XDR, consistent with the well-

documented tendency of this non-fermenter toward 

extensive and rapidly acquired resistance in Indian ICU 

settings (Banerjee et al., 2018; Puttegowda et al., 2026). 

 

Pseudomonas aeruginosa (17/19, 89.5%) and Klebsiella 

pneumoniae (50/56, 89.3%) also showed high XDR rates, 

whereas Escherichia coli, although the second most 

frequently isolated organism, showed a comparatively 

lower though still substantial XDR rate of 66.0% (33/50), 

with the remainder classified as ESBL-producing/MDR.  

 

This organism-specific gradient, with non-fermenters and 

Klebsiella pneumoniae showing higher XDR rates than 

E. coli, is clinically important, as it suggests that 

empirical carbapenem-sparing regimens may retain 

greater utility for E. coli infections than for Klebsiella, 

Pseudomonas or Acinetobacter infections in this setting. 

 

Inpatient–outpatient distribution 
 

Inpatients contributed 99 (67.8%) and outpatients 47 

(32.2%) of the 146 gram-negative isolates, with a broadly 

similar XDR proportion in both groups (78.8% among 

inpatient GNB versus 83.0% among outpatient GNB 

isolates).  

 

The substantial outpatient contribution is noteworthy, as 

it suggests that a considerable proportion of multidrug-

resistant gram-negative infection in this population may 

reflect community-onset or prior healthcare-exposure-

related infection rather than being confined to acute 

inpatient/ICU settings - an observation with implications 

for outpatient antibiotic prescribing policy. 

 

Department-wise and specimen-wise distribution 
 

Nephrology (20, 13.7%), Internal Medicine (15, 10.3%), 

Plastic Surgery (13, 8.9%), HPB & Transplant Surgery 

(11, 7.5%) and Neurology (11, 7.5%) were the leading 

contributing departments, together accounting for 

approximately half of all gram-negative MDRO isolates 

(Table 3). 
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Table.1 Overall distribution of MDRO isolates by organism group and care setting (N = 146) 

 

Category n % 

Gram-negative bacilli (analyzed further below) 146 74.9 

Care setting among gram-negative bacilli (n = 146)   

Inpatient 99 67.8 

Outpatient 47 32.2 

 

Table.2 Organism-wise distribution of gram-negative bacillary isolates and resistance phenotype (N = 146) 

 

Organism Total, n (%) MDR, n XDR, n XDR, % 

Klebsiella pneumoniae 56 (38.4) 6 50 89.3 

Escherichia coli 50 (34.2) 17 33 66.0 

Pseudomonas aeruginosa 19 (13.0) 2 17 89.5 

Acinetobacter baumannii 10 (6.8) 0 10 100.0 

Proteus mirabilis 3 (2.1) 3 0 0.0 

Other GNB species* 8 (5.5) 1 7 87.5 

Total 146 (100.0) 29 117 80.1 

*Other GNB species: Enterobacter cloacae (1), Enterobacter aerogenes (1), Klebsiella aerogenes (1), Providencia alcalifaciens 

(1), Pseudomonas luteola (1), Elizabethkingia meningoseptica (1), mixed Acinetobacter baumannii/Pseudomonas aeruginosa (1), 

and mixed Acinetobacter baumannii/Klebsiella pneumoniae (1). 

 

Table.3 Department-wise distribution of gram-negative MDRO isolates (N = 146) 

 

Department n % 

Nephrology 20 13.7 

Internal Medicine 15 10.3 

Plastic Surgery 13 8.9 

HPB & Transplant Surgery 11 7.5 

Neurology 11 7.5 

Orthopedics 9 6.2 

Cardiology 7 4.8 

Urology 7 4.8 

ENT 7 4.8 

Hepatology& Liver Transplant Medicine 7 4.8 

Medical Oncology 6 4.1 

Surgical Gastroenterology 5 3.4 

Other departments (15 departments, < 5 isolates each) 28 19.2 

Total 146 100.0 
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Table.4 Specimen-wise distribution of gram-negative MDRO isolates (N = 146) 

  

Specimen type n % 

Urine 54 37.0 

Blood 20 13.7 

Swab 15 10.3 

Tissue 13 8.9 

Sputum 9 6.2 

Wound swab 7 4.8 

Pus 7 4.8 

ET secretions 6 4.1 

Fluid 4 2.7 

Other specimen types 11 7.5 

Total 146 100.0 

 
The prominence of nephrology and transplant surgery is 

consistent with the recognized vulnerability of dialysis-

dependent, transplant and immunosuppressed patients 

who typically have indwelling catheters/vascular access, 

prolonged hospitalization and repeated antibiotic 

exposure to colonization and infection with multidrug-

resistant organisms, a pattern also highlighted in other 

tertiary-care MDRO surveillance studies (Kavya et al., 

2024; Chaudhary et al., 2024). Urine was the single most 

common specimen yielding gram-negative MDRO 

isolates (54, 37.0%), followed by blood (20, 13.7%), 

swabs (15, 10.3%), tissue (13, 8.9%) and sputum (9, 

6.2%) (Table 4). The predominance of urine is consistent 

with the well-established role of the urinary tract, 

particularly in catheterized and hospitalized patients, as a 

leading reservoir for ESBL-producing/multidrug-

resistant Escherichia coli and other Enterobacterales in 

Indian tertiary-care settings (Ahmad et al., 2025). The 

substantial contribution of bloodstream isolates (13.7%) 

is clinically significant, given the high mortality 

historically associated with MDR/XDR gram-negative 

bacteraemia. 

 

In conclusion, this study demonstrates that gram-

negative bacilli constitute the predominant reservoir of 

multidrug resistance among clinical isolates at this 

Telangana tertiary care hospital, with Klebsiella 

pneumoniae and Escherichia coli the leading organisms 

and a strikingly high overall XDR burden (80.1%) most 

pronounced among Acinetobacter baumannii, 

Pseudomonas aeruginosa and Klebsiella pneumoniae. 

The urinary tract and bloodstream were the leading 

specimen sources, and nephrology, internal medicine 

and surgical/transplant units bore a disproportionate 

share of the burden, highlighting high-risk patient groups 

for targeted infection-control intervention. These 

findings reinforce the urgent need for sustained local 

antimicrobial-resistance surveillance, strengthened 

antimicrobial stewardship, strict infection-control 

practices particularly in high-risk departments and 

judicious, susceptibility-guided use of novel beta-

lactam/beta-lactamase-inhibitor combinations in this 

region. 
 

Limitations 
 

This study has several limitations. First, it was a single-

centre, retrospective analysis of isolates already flagged 

within the hospital’s MDRO/XDRO surveillance 

registry rather than a consecutive, unselected series of all 

gram-negative isolates recovered during the period; 

consequently, the proportions reported describe the 

composition and resistance pattern of the flagged 

MDRO burden rather than an overall culture-positivity 

or population-level prevalence rate. Second, organism 

identification and susceptibility testing relied on routine 

phenotypic laboratory methods without molecular 

confirmation of resistance mechanisms (e.g., specific 

carbapenemase gene typing). Third, clinical outcome 

data and patient-level risk factors were not available for 

correlation. Larger, prospective, multicentric studies 

incorporating molecular characterization are warranted 

to validate and extend these findings. 
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