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Abstract
Klebsiella pneumoniae (K. pneumoniae) is a high-priority antibiotic-resistant pathogen contributing 
significantly to the global burden of antimicrobial resistance (AMR). Extended-spectrum b-lactamases 
(ESBLs) and AmpC b-lactamases are major resistance mechanisms commonly observed in K. pneumoniae. 
The present study aimed to determine the prevalence and distribution of ESBL and AmpC b-lactamase 
production and to evaluate associated antimicrobial resistance patterns among clinical isolates. A 
prospective laboratory study was conducted over one year (January-December 2020) in a tertiary care 
hospital, South India. Total of 100 clinical isolates of K. pneumoniae were included. Identification and 
antimicrobial susceptibility testing (AST) were performed using the VITEK 2 compact system, while ESBL 
and AmpC production were detected using standard phenotypic methods. AST demonstrated markedly 
high resistance rates to carbapenems (meropenem, ertapenem and imipenem), fluoroquinolones 
(ciprofloxacin), cephalosporins (cefuroxime, ceftriaxone, and cefepime), and b-lactamase inhibitors. 
Overall, 53% (n = 53) of isolates were ESBL producers, 48% (n = 48) were AmpC producers, while 24% (n = 
24) exhibited co-production of both enzymes. The proportion of co-producers represents a considerable 
subset, suggesting a clinically relevant association with multidrug-resistance. The association between 
ESBL and AmpC b-lactamase production was found to be statistically not significant (P-value = 0.49). 
The co-existence of ESBL and AmpC enzymes was associated with a higher resistance burden across 
multiple antibiotic classes, underscoring its potential impact on therapeutic outcomes. These findings 
highlight a substantial prevalence of b-lactamase-mediated resistance and emphasize the need for 
continuous surveillance, implementation of robust antimicrobial stewardship programs, and proper 
infection control strategies to limit the spread of multidrug-resistant K. pneumoniae.
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INTRODUCTION

	 Antimicrobial resistance (AMR) has 
emerged as a major global health concern, driven 
by the rapid evolution of resistance mechanisms 
and the diminishing effectiveness of available 
therapeutic agents.1 In healthcare settings, AMR 
contributes to increased morbidity, mortality, 
prolonged hospital stays, and escalating treatment 
costs.2 In 2018, the World Health Organization 
(WHO) classified Klebsiella pneumoniae as a high-
priority pathogen due to its critical role in antibiotic 
resistance and the urgent need for new therapeutic 
strategies.3,4 K. pneumoniae, a Gram-negative 
bacterium belonging to the Enterobacterales 
family, is a leading cause of nosocomial infections 
including, surgical site infections, urinary tract 
infections, ventilator-associated pneumonia, skin 
& soft tissue infections, intra-abdominal infections, 
and bloodstream infections.5 K. pneumoniae is also 
found to be associated with outbreaks in intensive 
care units (ICUs), leading to further complications 
in infection control approaches.6 
	 The increased prevalence of antibiotic 
resistance mechanisms that significantly restrict 
therapeutic options is one of the major worrying 
aspects of K. pneumoniae.7 Among these, 
production of extended spectrum b-lactamases 
(ESBLs) and AmpC b-lactamases represent a 
major contributor to b-lactam resistance in K. 
pneumoniae.8,9 ESBLs, such as TEM, SHV, and 
CTX-M enzymes, hydrolyze a wide range of 
b-lactam antibiotics, including cephalosporins 
(1st-3rd generation), aztreonam, and penicillins 
and are susceptible to tazobactam and clavulanic 
acid (b-lactamase inhibitors).10,11 In contrast, 
AmpC b-lactamases, namely DHA, CMY, and CIT 
confer resistance to cephalosporins, penicillins, 
monobactams, and cephamycins and are typically 
not inhibited by b-lactamase inhibitors.7,12 The 
co-existence of ESBL and AmpC enzymes further 
complicates detection and limit therapeutic 
options, often resulting in multidrug-resistant 
(MDR) phenotypes and potential treatment 
failure.13,14 Although, horizontal transfer of ESBL and 
AmpC b-lactamase genes among Enterobacterales, 
including K. pneumoniae, Escherichia coli, Proteus 
spp., and Salmonella spp., facilitates the spread of 
resistance, potentially leading to poor treatment 

outcomes and diagnostic failures, particularly in 
cases of severe infections.13

	 V i r u l e n c e  f a c t o r s  s u c h  a s 
Lipopolysaccharides, capsules, fimbriae, efflux 
pumps, porins and iron-acquisition systems 
enhance the pathogenicity of K. pneumoniae, 
their clinical impact is significantly magnified when 
combined with b-lactamase-mediated resistance.15 
Additionally, overuse of antimicrobial agents, 
improper infection control measures, and poor 
sanitation especially in resource-limited settings, 
encourages the proliferation of b-lactamase-
producing K. pneumoniae.16 To address this 
dilemma, proper surveillance is needed to know 
the distribution and prevalence of b-lactamase-
mediated resistance in local settings.17 
	 Despite increasing reports of ESBL 
and AmpC production worldwide, there is 
limited region-specific data on their distribution, 
co-occurrence, and associated antimicrobial 
resistance patterns in clinical isolates of K. 
pneumoniae, particularly in tertiary care settings 
in India. Furthermore, the clinical implications 
of co-production remain inadequately explored, 
creating a significant evidence gap that hinders 
the development of effective empirical therapy 
and infection control strategies. In this context, 
the present study was designed to evaluate 
the prevalence and distribution of ESBL and 
AmpC b-lactamases among clinical isolates of K. 
pneumoniae and to analyze their antimicrobial 
susceptibility patterns. By focusing on co-
occurrence and resistance trends, this study aims 
to provide clinically relevant insights that may 
support improved antimicrobial stewardship and 
infection control practices. 

MATERIALS AND METHODS

Study design and setting
	 This was a prospective laboratory 
investigation conducted in the Microbiology 
Laboratory of a tertiary care hospital, Mysuru, 
India, from January 2020 to December 2020. The 
study was approved by the Institutional Ethical 
Committee, JSS Medical College, with the approval 
number JSSMC/PG/6929/2019-20 dated 27-01-
2020. The study comprised of 100 K. pneumoniae 
isolates obtained from multiple clinical samples by 
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convenience sampling technique due to financial 
constraints.

Isolation and identification of Klebsiella 
pneumoniae
	 Cl inical  samples received in the 
Microbiology laboratory for routine culture and 
antimicrobial sensitivity testing were processed 
as per the laboratory standard protocol. Urine 
samples were cultured on urichrome agar, while 
other clinical samples were inoculated onto Blood 
agar and MacConkey agar. After incubation at 37 
°C for 18-24 hours, isolates were preliminarily 
identified based on colony morphology and Gram 
staining characteristics. Confirmation of Klebsiella 
pneumoniae identification and antimicrobial 
susceptibility testing were performed using 
the VITEK 2 Compact system according to the 
manufacturer’s instructions. The confirmed isolates 
were further screened for extended-spectrum 
b-lactamase (ESBL) and AmpC b-lactamase 
production.

ESBL detection by combination disc diffusion 
method
	 ESBL production was evaluated in 
accordance with Clinical and Laboratory Standards 
Institute-2019 (CLSI) guidelines by using cefotaxime 
(30 µg) and cefotaxime-clavulanate (30 µg/10 µg) 
antibiotic discs. K. pneumoniae isolates were first 
lawn cultured on a Mueller-Hinton agar, then 
cefotaxime (30 µg) and cefotaxime-clavulanate 
(30 µg/10 µg) antibiotic discs were placed centre 
to centre. After overnight incubation at 37 °C, a ≥ 
5 mm increase in a cefotaxime-clavulanate zone 
size against the zone diameter of the cefotaxime 
disc was considered as positive for the ESBL 
production.13,18 

AmpC screening by cefoxitin disc test
	 AmpC b-lactamase production was 
screened using the cefoxitin disc-based method 
with Escherichia coli ATCC 25922 as the indicator 
strain. A lawn culture of the indicator strain was 
prepared on Mueller–Hinton agar, and discs 
inoculated with the test organism were placed 
adjacent to a cefoxitin (30 µg) disc. After overnight 
incubation at 37 °C, distortion or flattening of 
the cefoxitin inhibition zone toward the test 
organism disc was considered indicative of AmpC 

production.19 Although this method is commonly 
used for AmpC screening, it may have limited 
sensitivity in detecting low-level AmpC producers.

Data analysis
	 All the results obtained from the study 
were entered into Microsoft Excel. Descriptive 
statistics were primarily used to summarize the 
results. Categorical variables, including gender-
wise distribution, age-wise distribution, sample-
wise distribution, antimicrobial susceptibility 
testing pattern, and prevalence of ESBL and 
AmpC b-lactamase production, were described 
as frequencies (numbers) and percentages (%). 
McNemar test was used to know the association 
between ESBL vs AmpC b-lactamase production. 
A P-value of <0.05 was interpreted as statistically 
significant value.

RESULTS

Demographic Characteristics and Distribution of 
Klebsiella pneumoniae isolates
	 A total  of  100 non-dupl icate K. 
pneumoniae isolates recovered from various 
clinical specimens were included in the study. 
Preliminary identification was based on colony 
morphology and Gram staining characteristics, 
followed by confirmation using the VITEK 2 
Compact system. Among the isolates analyzed, 
74% (n = 74) were obtained from male patients, 
while 26% (n = 26) were from female patients. 
The highest proportion of isolates was observed in 
the 21-30 years and 41-50 years age groups, with 
30% (n = 30) isolates each. This was followed by 
the 61-70 years age group accounting for 29% (n = 
29), the 11-20 years age group with 8% (n = 8), and 
patients aged ≥81 years with 3% (n = 3) isolates. 
Analysis of clinical specimen distribution showed 
that urine samples accounted for the highest 
number of K. pneumoniae isolates [39% (n = 39)], 
followed by sputum [27% (n = 27)], endotracheal 
aspirates [19% (n = 19)], blood [9% (n = 9)], and 
pus samples [6% (n = 6)].

Antimicrobial susceptibility testing (AST) pattern
	 The AST of 100 K. pneumoniae isolates 
showed 100% resistant to piperacillin-tazobactam, 
cefuroxime, cefuroxime axetil, and ceftriaxone. 
Sensitivity was observed for fosfomycin 78% (n 
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= 78), tigecycline 73% (n = 73), and 25% (n = 25) 
for both trimethoprim sulfamethoxazole and 
amikacin. Interestingly, 15% (n = 15) of the isolates 
were found to be resistant to colistin. Among the 
27 K. pneumoniae isolates from urine samples, 
12 isolates were susceptible and 15 isolates were 
non-susceptible to nitrofurantoin. The detailed 
antimicrobial susceptibility pattern was depicted 
in Table.

Distribution of Extended spectrum-b-lactamases 
(ESBLs) and AmpC b-lactamases among Klebsiella 
pneumoniae isolates
	 Among the 100 K. pneumoniae clinical 
isolates, 29 (29%) were identified as ESBL producers 
alone, 24 (24%) as AmpC producers alone, and 24 
(24%) exhibited co-production of both ESBL and 
AmpC b-lactamases. In total, 53 (53%) of isolates 
produced ESBLs (Figure 1) and 48 (48%) produced 

Table. Antimicrobial Susceptibility Testing pattern of 100 clinical Klebsiella pneumoniae isolates

Antimicrobial agents	 Resistant	 Intermediate	 Susceptible

Nitrofurantoin	 15 (15%)	 0	 12 (12%)
Trimethoprim sulfamethoxazole	 75 (75%)	 0	 25 (25%)
Colistin	 15 (15%)	 85 (85%)	 0
Fosfomycin	 9 (9%)	 13 (13%)	 78 (78%)
Tigecycline	 9 (9%)	 18 (18%)	 73 (73%)
Ciprofloxacin	 92 (92%)	 3 (3%)	 5 (5%)
Gentamicin	 81 (81%)	 4 (4%)	 15 (15%)
Amikacin	 25 (25%)	 50 (50%)	 25 (25%)
Meropenem	 97 (97%)	 0	 3 (3%)
Imipenem	 93 (93%)	 7 (7%)	 0
Ertapenem	 90 (90%)	 5 (5%)	 5 (5%)
Cefepime	 98 (98%)	 1 (1%)	 1 (1%)
Cefoperazone sulbactam	 86 (86%)	 5 (5%)	 9 (9%)
Ceftriaxone	 100 (100%)	 0	 0
Cefuroxime axetil	 100 (100%)	 0	 0
Cefuroxime	 100 (100%)	 0	 0
Piperacillin tazobactam	 100 (100%)	 0	 0
Amoxicillin clavulanate	 98 (98%)	 2 (2%)	 0

Figure 1. ESBL positive isolate (a) with Cefotaxime (A) zone diameter ≤6 mm and Cefotaxime-clavulanate 
(B) zone diameter 28 mm. ESBL negative isolate (b) with Cefotaxime (A) zone diameter ≤6 mm and 
Cefotaxime-clavulanate (B) zone diameter ≤6 mm
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AmpC b-lactamases (Figure 2). For association 
between ESBL vs AmpC b-lactamase production 
among the isolates, McNemar test showed Chi-
square (χ²) value of 0.47 and P-value 0.49. Hence, 
no significant association was observed between 
ESBL vs AmpC b-lactamase production, suggesting 
that both resistance mechanisms occur at similar 
frequencies in the study population.

DISCUSSION 

	 Antimicrobial resistance has emerged as 
a major global public health concern in the 21st 

century.20 Among Gram-negative pathogens, K. 
pneumoniae has gained particular importance 
because of its ability to acquire and disseminate 
multiple resistance determinants. According 
to the Antimicrobial Resistance Collaborators 
group, K. pneumoniae was identified as the third 
most significant pathogen associated with AMR-
related mortality in 2019, contributing to more 
than 250,000 deaths worldwide.21 The increasing 
prevalence of extended-spectrum b-lactamase and 
AmpC b-lactamase-producing strains has further 
complicated the management of healthcare-
associated infections, as these enzymes confer 
resistance to a broad range of b-lactam antibiotics 
and are frequently associated with multidrug 
resistance.22,23

	 In the present study, a higher proportion 
of K. pneumoniae isolates were recovered 

from male patients compared to females, 
which is consistent with the findings reported 
by Nirwati et al.24 This predominance may be 
attributed to greater occupational and community 
exposure among males, increased healthcare-
seeking behavior, and a higher likelihood of 
hospitalization and associated risk factors, all of 
which may contribute to increased acquisition and 
transmission of resistant pathogens. Urine samples 
constituted the predominant source of isolates, 
similar to the observations made by Mohsen 
et al.,25 and Nepal et al.26 The predominance 
of urinary isolates may be associated with the 
organism’s ability to colonize the urinary tract, 
particularly in catheterized patients and individuals 
with recurrent urinary tract infections.
	 The ant imicrobia l  suscept ib i l i ty 
demonstrated h igh res istance rates  to 
cephalosporins, b-lactam/b-lactamase inhibitor 
combinations, carbapenems, and fluoroquinolones. 
Similar resistance trends have been documented 
by Helmi et al.,27 and Chethankumar et al.5 The 
emergence of such resistance patterns may be 
associated with excessive and inappropriate 
use of broad-spectrum antibiotics, prolonged 
hospital stay, empirical antimicrobial therapy, 
and inadequate infection control practices. In 
addition, plasmid-mediated transfer of resistance 
genes among Gram-negative bacteria facilitates 
the rapid dissemination of resistant strains within 
healthcare settings. The high resistance observed 
against carbapenems is particularly concerning, as 
these agents are often considered last-resort drugs 
for severe infections caused by MDR organisms. 
Increasing carbapenem resistance may indicate 
the possible coexistence of carbapenemase 
enzymes such as metallo-b-lactamases (MBLs), 
which further restrict available therapeutic 
options.14,28

	 The  present  study  ident i f ied  a 
considerable proportion of ESBL (53%) and AmpC 
(48%) b-lactamase-producing isolates, including 
strains co-producing both enzymes (24%). Studies 
conducted by Hou et al.,29 (ESBL 89.5%, AmpC 
36.8% and coproduction 31.5%), Bhandari et 
al.,28 (35.6% AmpC and 28.9% ESBL) and Perera 
et al.17 (50% ESBL and 19% AmpC) have also 
reported significant proportion of ESBL and AmpC 
b-lactamases among K. pneumoniae. However, 

Figure 2. Isolate-2 showed AmpC production (distortion 
in Cefoxitin zone size) and Isolate-1 was negative for 
AmpC production (no distortion in Cefoxitin zone size)
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variations in prevalence rates among studies may 
result from differences in geographical location, 
hospital antibiotic policies, infection control 
practices, sample size, patient population, and 
distribution of resistance genes. The co-production 
of ESBL and AmpC enzymes is clinically significant 
because it not only broadens the resistance profile 
of the organism but also complicates phenotypic 
detection. AmpC b-lactamase production may 
mask ESBL activity, resulting in false-negative 
detection and inappropriate antimicrobial 
therapy.30 Furthermore, these enzymes are 
commonly encoded on plasmids and other mobile 
genetic elements, enabling horizontal transfer 
between bacterial species and contributing 
to the rapid spread of MDR pathogens. This 
highlights the urgent need for continuous 
surveillance of antimicrobial resistance patterns, 
early laboratory detection of b-lactamase-
producing organisms, and implementation of 
effective antimicrobial stewardship programs. 
Rational antibiotic prescribing, strict adherence to 
infection prevention and control measures, hand 
hygiene practices, and diagnostic stewardship 
are essential strategies to reduce the spread of 
resistant organisms within healthcare facilities.
	 Overall, the findings of the present 
study emphasize the significant contribution 
of K. pneumoniae to the growing burden of 
antimicrobial resistance, particularly through the 
production of ESBL and AmpC b-lactamases. The 
high prevalence of resistant isolates observed 
in this study underscores the importance of 
routine screening for b-lactamase production 
and continuous monitoring of resistance trends 
to support appropriate therapeutic decisions and 
improve patient outcomes.

CONCLUSION 

	 The present study demonstrated a high 
prevalence of antimicrobial resistance among 
K. pneumoniae clinical isolates, with substantial 
production of ESBL and AmpC b-lactamases, 
including co-production of both enzymes. The 
occurrence of these resistance mechanisms 
was associated with reduced susceptibility to 
multiple commonly used antimicrobial agents, 
thereby limiting available therapeutic options 
and increasing the risk of treatment failure. The 

detection of ESBL and AmpC co-producing isolates 
in a significant proportion of strains highlights 
the emerging challenge of multidrug-resistant K. 
pneumoniae in clinical settings and emphasizes 
the importance of routine phenotypic screening 
for b-lactamase production in microbiology 
laboratories.
	 The findings of this study contribute 
valuable regional data on the prevalence and 
resistance patterns of ESBL and AmpC-producing K. 
pneumoniae, which may aid clinicians in selecting 
appropriate empirical therapy and support 
hospital infection control policies. Strengthening 
antimicrobial stewardship programs, enforcing 
strict infection prevention and control measures, 
and promoting rational antibiotic usage are 
essential to limit the dissemination of resistant 
strains. In addition, continuous surveillance and 
early detection of resistant isolates are necessary 
to monitor evolving resistance trends and improve 
patient management. Future studies involving 
larger sample sizes and molecular characterization 
of resistance genes are recommended to 
better understand the genetic mechanisms 
responsible for ESBL and AmpC production and 
their transmission dynamics among healthcare-
associated pathogens.
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