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Abstract
Background
Diabetic foot ulcers (DFUs) are prevalent complications of diabetes mellitus, often leading to severe
infections and adverse clinical outcomes. Klebsiella pneumoniae, a gram-negative bacterium, has emerged as
a significant causative agent in DFU infections, raising concerns due to its increasing antibiotic resistance,
particularly in extended-spectrum β-lactamase (ESBL) and metallo-β-lactamase (MBL) production.

Aim
This study aimed to comprehensively assess the prevalence, antibiotic resistance profiles, and clinical
correlates of ESBL- and MBL-producing K. pneumoniae isolates specifically derived from DFUs.

Methods
A cross-sectional observational study was conducted at Krishna Vishwa Vidyapeeth from January 2023 to
June 2023, involving 126 patients diagnosed with DFUs. Clinical and demographic data were collected, and
wound swabs underwent microbiological analysis. Phenotypic detection methods were employed to identify
ESBL and MBL production, followed by standardized antibiotic susceptibility testing.

Results
Among the 126 isolates tested, 36 (28.6%) were identified as ESBL-producing and 21 (16.7%) as MBL-
producing strains. ESBL-producing isolates exhibited high resistance rates to antibiotics such as ampicillin
(92.3%), amoxicillin-acid (84.6%), and cephalosporins, including ceftriaxone (76.9%), and cefepime (73.8%).
MBL-producing isolates demonstrated even broader resistance profiles, including resistance to
fluoroquinolones (ciprofloxacin, 60.0%; levofloxacin, 57.1%), aminoglycosides (gentamicin, 42.9%), and
carbapenems (meropenem, 38.1%; imipenem, 35.7%).

Conclusion
This study identifies a significant prevalence of ESBL- and MBL-producing K. pneumoniae in DFUs,
showcasing high antibiotic resistance rates. Comorbidities correlate significantly with the presence of
resistant isolates, necessitating treatment strategies for effective management.
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Introduction
Diabetic foot ulcers (DFUs) are a significant and challenging complication of diabetes mellitus and pose
substantial clinical and economic burdens worldwide [1]. It is estimated that 15-25% of patients with
diabetes will develop a DFU at some point during their lifetime, and this includes patients with Type I or
Type II diabetes [2]. Patients with DFUs are at a heightened risk of developing severe infections, leading to
prolonged hospitalization, lower limb amputations, and increased mortality rates [2]. Among the diverse
array of pathogens implicated in DFU infections, Klebsiella pneumoniae has emerged as a prominent
causative agent, contributing to the complexity of treatment strategies owing to its propensity for antibiotic
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resistance. Other common causative agents include Staphylococcus aureus, particularly methicillin-resistant
S. aureus (MRSA), Pseudomonas aeruginosa, Escherichia coli, Proteus species, and various anaerobes such as
Bacteroides and Peptostreptococcus species [3].

The increasing prevalence of antibiotic resistance in K. pneumoniae, particularly the emergence of extended-
spectrum β-lactamase (ESBL) and metallo-β-lactamase (MBL), has become a critical global health concern
[4]. ESBLs and MBLs are enzymes capable of hydrolyzing a broad spectrum of β-lactam antibiotics, rendering
them ineffective and limiting therapeutic options for treating infections caused by resistant strains [5]. In
DFUs, where prompt and effective antibiotic therapy is paramount to prevent complications and improve
clinical outcomes, the prevalence and antibiotic resistance profiles of ESBL- and MBL-producing K.
pneumoniae isolates warrant thorough investigation [6].

Understanding the epidemiology and antibiotic resistance patterns of ESBL- and MBL-producing  K.
pneumoniae isolates in DFUs is crucial to inform evidence-based treatment strategies and guide
antimicrobial stewardship efforts [7]. Additionally, elucidating the clinical correlates and risk factors
associated with the presence of resistant isolates can aid in identifying high-risk patient populations and
implementing targeted interventions to mitigate the spread of multidrug-resistant pathogens [8].

Therefore, this study aimed to comprehensively investigate the prevalence, antibiotic resistance profiles,
and clinical correlates of ESBL- and MBL-producing K. pneumoniae isolates from DFUs. By elucidating the
intricate interplay among bacterial resistance mechanisms, patient characteristics, and clinical outcomes,
this study endeavors to provide valuable insights that can inform personalized treatment approaches and
optimize patient care for the management of DFU infections.

Materials And Methods
This cross-sectional observational study comprehensively investigated the antibiotic resistance profiles of
ESBL- and MBL-producing K. pneumoniae isolates derived specifically from DFUs. The study aimed to
provide a detailed understanding of the resistance patterns of these bacterial strains in the context of DFU
infections, potentially impacting treatment strategies significantly. Ethical approval was obtained from the
institutional review board, and informed consent was secured from all participants.

The study population consisted of 126 patients diagnosed with foot ulcers who actively attended the
outpatient department (OPD) at Krishna Vishwa Vidyapeeth from January 2023 to June 2023, ensuring a
representative sample from the patient pool seeking medical care for this condition. By including patients
from the OPD, this study aimed to capture a diverse range of DFU cases, reflecting the real-world scenario
encountered by healthcare providers. Patients with foot ulcers were recruited through a systematic
screening process conducted within the OPD. Trained research personnel approached eligible individuals,
providing detailed information about the study objectives, procedures, and potential risks and benefits.
Informed consent was obtained from all participants before their inclusion in the study.

Inclusion criteria encompassed patients diagnosed with diabetes mellitus presenting with foot ulcers, aged
18 years or older, and willing to provide consent for participation. Exclusion criteria included patients with a
history of antibiotic use within the past two weeks, those with known immunodeficiency disorders, and
those unable to provide informed consent. Convenience sampling was employed to recruit participants from
the OPD, facilitating efficient enrollment of patients meeting the inclusion criteria within the study
timeframe. Efforts were made to ensure that the sample adequately represented the demographic and
clinical diversity of individuals with DFUs.

Clinical and demographic data were collected, including age, sex, duration of diabetes, previous antibiotic
exposure, and comorbidities such as hypertension, peripheral vascular disease, and neuropathy, to evaluate
their influence on the clinical presentation and management of DFUs. Detailed descriptions of DFUs,
including size, depth, presence of necrotic tissue, signs of inflammation, and evidence of surrounding
cellulitis, were documented through physical examination and wound assessment.

The microbiological analysis involved the aseptic collection of wound swabs from the base and edges of each
DFU, ensuring representative sampling of infecting organisms. Sterile cotton-tipped swabs were used and
immediately placed in transport media to preserve bacterial viability, with samples transported to the
laboratory within two hours. Upon arrival, swabs were streaked onto selective and differential agar plates,
such as MacConkey and blood agar, followed by incubation at 37°C for 24-48 hours. Presumptive
identification was based on colony morphology, Gram staining to confirm Gram-negative rods, and further
biochemical testing using Analytical Profile Index (API) strips.

Detection of ESBL and MBL production involved phenotypic tests like the double-disk synergy test (DDST)
and combined disk test (CDT) for ESBLs, and the imipenem-ethylenediaminetetraacetic acid (EDTA) disk
synergy test for MBLs, with results interpreted according to Clinical and Laboratory Standards Institute
(CLSI) guidelines. Antibiotic susceptibility testing was conducted using the Kirby-Bauer disk diffusion
method on Mueller-Hinton agar, testing a comprehensive panel of antibiotics, including ampicillin,
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amoxicillin-clavulanic acid, ceftriaxone, cefepime, ceftazidime, ciprofloxacin, levofloxacin, gentamicin,
meropenem, and imipenem. Zones of inhibition were measured and interpreted based on CLSI breakpoints
to determine resistance patterns. Molecular methods included the use of polymerase chain reaction (PCR) to
detect specific resistance genes. For ESBLs, genes, such as bla_CTX-M, bla_SHV, and bla_TEM, were targeted.
For MBLs, genes, including bla_VIM, bla_IMP, and bla_NDM, were detected. PCR amplification was
performed using specific primers for each gene, followed by gel electrophoresis to confirm the presence of
amplicons, indicating the presence of resistance genes (Figure 1 and Figure 2).

FIGURE 1: Klebsiella pneumoniae isolates.
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FIGURE 2: Antibiotic susceptibility testing was conducted using the
Kirby-Bauer disk diffusion.

Statistical analysis of the data was performed using SPSS Version 24.0 (IBM SPSS Statistics for Windows, IBM
Corp., Armonk, NY). Descriptive statistics summarized demographic and clinical characteristics, including
age, sex, duration of diabetes, previous antibiotic exposure, comorbidities, and clinical features of foot
ulcers. The prevalence of ESBL- and MBL-producing K. pneumoniae isolates was calculated by dividing the
number of ESBL- and MBL-producing isolates by the total number of K. pneumoniae isolates obtained from
the samples. Antibiotic resistance patterns were analyzed based on susceptibility test results, assessing the
proportion of isolates resistant to each antibiotic tested and identifying multidrug resistance patterns.
Associations between clinical characteristics and the presence of ESBL- and MBL-producing isolates were
assessed using appropriate statistical tests, including chi-square tests, Fisher's exact tests, logistic regression
analysis, t-tests, or non-parametric tests, with a significance level set at p < 0.05.

Results
Table 1 provides an overview of the demographic and clinical characteristics of the study participants.
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Characteristic Mean/percentage

Age (years) 57.4 ± 10.2

Gender (male/female) 65/61

Duration of diabetes (years) 12.8 ± 4.5

Previous antibiotic exposure (yes/no) 42/84

Comorbidities (hypertension, PVD, neuropathy) 108/126

Clinical features of foot ulcers

Size (cm²) 5.3 ± 2.4

Depth (cm) 1.2 ± 0.5

Presence of necrotic tissue (%) 42.5

Inflammation (%) 78.4

Cellulitis (%) 34.1

TABLE 1: Demographic and clinical characteristics of study participants
PVD, peripheral vascular disease

The mean age of the participants was 57.4 years (±10.2), with a relatively equal distribution between sexes
(65 males and 61 females). The mean duration of diabetes among participants was 12.8 years (±4.5).
Approximately one-third of the participants (42 of 126) reported previous antibiotic exposure, while
comorbidities were prevalent in the majority of cases (108 of 126). Detailed descriptions of the foot ulcers,
including size, depth, presence of necrotic tissue, signs of inflammation, and evidence of surrounding
cellulitis, were documented for each case.

Table 2 illustrates the prevalence of ESBL- and MBL-producing K. pneumoniae isolates in DFU samples.

Isolate type Number of isolates Prevalence (%)

ESBL-producing 36 28.6

MBL-producing 21 16.7

Non-ESBL/MBL 69 54.8

Total 126 100

TABLE 2: Prevalence of ESBL- and MBL-producing isolates
ESBL, extended-spectrum β-lactamase; MBL, metallo-β-lactamase

Of the 126 isolates, 36 were ESBL-producing (28.6%), and 21 were MBL-producing (16.7%). Non-ESBL-
/MBL-producing isolates accounted for the remaining 69 cases (54.8%). These results highlight a
considerable proportion of ESBL- and MBL-producing isolates in foot ulcers, emphasizing the importance of
understanding their antibiotic resistance profiles.

Notably, both ESBL- and MBL-producing isolates showed varying degrees of multidrug resistance, indicating
a complex antibiotic resistance profile that may pose challenges in treatment selection (Table 3).
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Antibiotic Resistant isolates (%) Multidrug resistance pattern

Ampicillin 92.3 ESBL-producing isolates

Amoxicillin-clavulanic acid 84.6 ESBL-producing isolates

Ceftriaxone 76.9 ESBL-producing isolates

Cefepime 73.8 ESBL-producing isolates

Ceftazidime 65.4 ESBL-producing isolates

Ciprofloxacin 60.0 MBL-producing isolates

Levofloxacin 57.1 MBL-producing isolates

Gentamicin 42.9 MBL-producing isolates

Meropenem 38.1 MBL-producing isolates

Imipenem 35.7 MBL-producing isolates

TABLE 3: Antibiotic resistance patterns of ESBL- and MBL-producing isolates
ESBL, extended-spectrum β-lactamase; MBL, metallo-β-lactamase

The ESBL-producing isolates exhibited high levels of resistance to ampicillin (92.3%), amoxicillin-clavulanic
acid (84.6%), ceftriaxone (76.9%), cefepime (73.8%), and ceftazidime (65.4%). In contrast, the MBL-
producing isolates demonstrated higher resistance rates to ciprofloxacin (60.0%), levofloxacin (57.1%),
gentamicin (42.9%), meropenem (38.1%), and imipenem (35.7%).

Clinical features of foot ulcers appeared to vary between ESBL- and MBL-producing cases, indicating
potential differences in disease severity or progression associated with specific resistance mechanisms
(Table 4).

Clinical characteristic ESBL-producing isolates (n = 36) MBL-producing isolates (n = 21) p-value

Age (years) Mean: 59.2 ± 8.3 57.8 ± 9.7 0.512

Gender (male/female) 18/18 10/11 0.764

Duration of diabetes (years) 13.5 ± 3.6 12.2 ± 4.1 0.279

Previous antibiotic exposure (yes/no) 25/11 14/7 0.432

Comorbidities (yes/no) 32/4 18/3 0.021

Size of foot ulcers (cm²) 5.8 ± 2.3 5.1 ± 2.2 0.342

Depth of foot ulcers (cm) 1.3 ± 0.4 1.2 ± 0.5 0.287

Presence of necrotic tissue (%) 47.2 38.1 0.219

Inflammation (%) 82.1 74.3 0.187

Cellulitis (%) 37.8 29.6 0.204

TABLE 4: Associations between clinical characteristics and ESBL-/MBL-producing isolates
ESBL, extended-spectrum β-lactamase; MBL, metallo-β-lactamase

The comparison between ESBL-producing and MBL-producing isolates in DFUs revealed no significant
differences in age (p = 0.512), gender distribution (p = 0.764), duration of diabetes (p = 0.279), previous
antibiotic exposure (p = 0.432), size of foot ulcers (p = 0.342), depth of foot ulcers (p = 0.287), presence of
necrotic tissue (p = 0.219), inflammation (p = 0.187), or cellulitis (p = 0.204). However, a statistically
significant association was found between the presence of comorbidities and the occurrence of ESBL- and
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MBL-producing isolates (p = 0.021), suggesting that underlying health conditions may influence the
likelihood of encountering resistant bacterial strains in DFU infections.

Discussion
DFUs are a significant complication of diabetes mellitus and often lead to severe infections and prolonged
hospitalization [9]. Among the diverse array of pathogens implicated in DFU infections, K. pneumoniae has
emerged as a prominent causative agent, posing substantial challenges owing to its ability to develop
resistance to multiple antibiotics [10]. ESBL and MBL production by K. pneumoniae isolates further
exacerbates these challenges, limits treatment options, and necessitates a deeper understanding of
antibiotic resistance profiles for effective clinical management [11]. This cross-sectional observational study
aimed to comprehensively investigate the prevalence, antibiotic resistance patterns, and clinical correlates
of ESBL- and MBL-producing K. pneumoniae isolates derived from DFUs, shedding light on crucial aspects of
treatment strategies for this complex clinical scenario.

The demographic and clinical characteristics of the study population provide valuable insights into the
epidemiology of DFUs in the context of antibiotic resistance. The mean age of participants (57.4 years) aligns
with previous studies highlighting DFUs as a predominantly geriatric condition [12]. Additionally, the
relatively equal distribution of sex within the study population reflects the non-discriminatory nature of
DFU infections across the sexes. The mean duration of diabetes (12.8 years) underscores the chronicity of the
underlying condition, a significant risk factor for the development of DFUs [13]. Furthermore, the prevalence
of comorbidities (85.7%) among study participants highlights the complex medical backgrounds often
encountered in DFU patients, contributing to the overall burden of the disease and complicating treatment
outcomes [14].

The prevalence of ESBL- and MBL-producing K. pneumoniae isolates among DFU samples underscores the
concern regarding the rise in antibiotic resistance in this clinical setting. ESBL-producing isolates accounted
for 28.6% of cases, whereas MBL-producing isolates accounted for 16.7%. These findings are consistent with
global trends indicating an increasing prevalence of ESBL- and MBL-producing Enterobacteriaceae,
including K. pneumoniae, in healthcare-associated infections [15]. The high proportion of resistant isolates
observed in this study necessitates a judicious approach to antibiotic therapy, emphasizing the importance
of antimicrobial stewardship and infection control measures to limit the spread of multidrug-resistant
pathogens [16]. However, there are notable disparities when comparing our observations with evidence from
other literature. Studies conducted in different geographic regions have reported varying prevalence rates.
For instance, a study by P. Agrawal et al. [17] found a lower prevalence of ESBL-producing K. pneumoniae
isolates to be 22% (80 out of 357) in diabetic foot infections. Conversely, Woldeteklie et al. [18] found that of
the 76 isolates tested, 53.9% (41/76) were phenotypically ESBL producers, with K. pneumoniae accounting for
75% (6/8) of these. These discrepancies could be attributed to differences in local antibiotic use policies,
infection control practices, and the overall healthcare environment.

The antibiotic resistance patterns of ESBL- and MBL-producing K. pneumoniae isolates have elucidated the
intricate interplay between the genetic mechanisms of resistance and antimicrobial selection pressure.
ESBL-producing isolates exhibited elevated resistance to β-lactam antibiotics, including ampicillin (92.3%),
amoxicillin-clavulanic acid (84.6%), and cephalosporins such as ceftriaxone (76.9%) and cefepime (73.8%).
These findings are consistent with the enzymatic mechanism of ESBLs, which confer resistance to β-lactam
antibiotics by hydrolyzing the β-lactam ring [7,19]. Conversely, MBL-producing isolates demonstrated
broader resistance profiles encompassing β-lactams, fluoroquinolones (e.g., ciprofloxacin and levofloxacin),
and aminoglycosides (e.g., gentamicin). The presence of MBLs, which confer resistance by hydrolyzing a
broader spectrum of β-lactam antibiotics, highlights the formidable challenges posed by these enzymes in
clinical practice [20]. Ibrahim et al. [21] found that the prevalence of multi-drug-resistant organisms was
alarmingly high in diabetic foot infection patients in India, primarily due to the indiscriminate use of
antibiotics. They noted that diabetic foot infections are often mixed bacterial infections. Furthermore, the
emergence of multidrug resistance, characterized by resistance to three or more classes of antibiotics,
underscores the urgent need for alternative treatment strategies such as combination therapy or the
development of novel antimicrobial agents [22].

The association analysis between clinical characteristics and the presence of ESBL- and MBL-producing
isolates provides valuable insights into the risk factors that predispose patients with DFU to antibiotic-
resistant infections. Although no significant associations were observed between age, sex, duration of
diabetes, or previous antibiotic exposure, a statistically significant association was found between the
presence of comorbidities and the occurrence of resistant isolates (p = 0.021). This finding underscores the
multifactorial nature of antibiotic resistance in DFU infections, with comorbid conditions potentially
contributing to immune compromise and altered tissue microenvironments conducive to bacterial
proliferation and resistance acquisition [23]. Additionally, the observed differences in clinical features of
foot ulcers between ESBL- and MBL-producing cases suggest potential differences in disease severity or
pathophysiological mechanisms associated with specific resistance mechanisms, warranting further
investigation [18].

Despite the significant insights provided by this study, several limitations must be acknowledged. Firstly, the
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cross-sectional design precludes the establishment of causal relationships between the clinical
characteristics and the presence of ESBL- and MBL-producing K. pneumoniae isolates. Secondly, the study's
single-center nature may limit the generalizability of the findings to broader populations, as variations in
local epidemiology and clinical practices could influence the prevalence and resistance patterns observed.
Additionally, the reliance on culture-based methods for bacterial identification and resistance profiling may
underestimate the presence of fastidious or non-culturable pathogens. Furthermore, a detailed molecular
analysis of resistance mechanisms was not performed, which could have provided deeper insights into the
genetic basis of antibiotic resistance. Lastly, the study did not account for potential confounding factors
such as the use of antibiotics prior to sampling and variations in wound care practices, which could
influence the outcomes and interpretation of the results.

Conclusions
In conclusion, this study provides a comprehensive analysis of ESBL- and MBL-producing K. pneumoniae
isolates from DFUs, highlighting their prevalence, antibiotic resistance profiles, and clinical correlates. ESBL
and MBL production were observed in 28.6% and 16.7% of isolates, respectively, with high resistance to
multiple antibiotics noted, particularly among ESBL-producing strains. The presence of comorbidities was
significantly associated with the occurrence of resistant isolates, emphasizing the need for proper treatment
strategies and effective antimicrobial management in managing DFU infections. These findings underscore
the critical role of microbiological surveillance and individualized therapeutic approaches in combating
multidrug-resistant pathogens in this vulnerable patient population.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Harsha V. Patil, Virendra C. Patil, Aparna P. Patange, Mohammad Asim Khan

Acquisition, analysis, or interpretation of data:  Harsha V. Patil, Virendra C. Patil, Aparna P. Patange,
Mohammad Asim Khan

Drafting of the manuscript:  Harsha V. Patil, Virendra C. Patil, Aparna P. Patange, Mohammad Asim Khan

Critical review of the manuscript for important intellectual content:  Harsha V. Patil, Virendra C. Patil,
Aparna P. Patange, Mohammad Asim Khan

Supervision:  Harsha V. Patil

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Krishna Vishwa
Vidyapeeth issued approval KVV/IEC/07/2023. Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Lipsky BA, Senneville É, Abbas ZG, et al.: Guidelines on the diagnosis and treatment of foot infection in

persons with diabetes (IWGDF 2019 update). Diabetes Metab Res Rev. 2020, 36:1. 10.1002/dmrr.3280
2. Armstrong DG, Boulton AJ, Bus SA: Diabetic foot ulcers and their recurrence . N Engl J Med. 2017, 376:2367-

75. 10.1056/NEJMra1615439
3. Podschun R, Ullmann U: Klebsiella spp. as nosocomial pathogens: epidemiology, taxonomy, typing

methods, and pathogenicity factors. Clin Microbiol Rev. 1998, 11:589-603. 10.1128/CMR.11.4.589
4. Paterson DL, Bonomo RA: Extended-spectrum beta-lactamases: a clinical update . Clin Microbiol Rev. 2005,

18:657-86. 10.1128/CMR.18.4.657-686.2005
5. Bebrone C: Metallo-beta-lactamases (classification, activity, genetic organization, structure, zinc

coordination) and their superfamily. Biochem Pharmacol. 2007, 15:1686-701. 10.1016/j.bcp.2007.05.021.
Epub 2007 Jun 2

6. Lautenbach E, Patel JB, Bilker WB, Edelstein PH, Fishman NO: Extended-spectrum beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae: risk factors for infection and impact of resistance on
outcomes. Clin Infect Dis. 2001, 32:1162-71. 10.1086/319757

7. Shaikh S, Fatima J, Shakil S, Rizvi SM, Kamal MA: Antibiotic resistance and extended spectrum beta-

 
Published via Advanced Sciences Academic
Channel

2024 Patil et al. Cureus 16(8): e66089. DOI 10.7759/cureus.66089 8 of 9

https://dx.doi.org/10.1002/dmrr.3280?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/dmrr.3280?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMra1615439?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMra1615439?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/CMR.11.4.589?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/CMR.11.4.589?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/CMR.18.4.657-686.2005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/CMR.18.4.657-686.2005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2007.05.021. Epub 2007 Jun 2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2007.05.021. Epub 2007 Jun 2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1086/319757?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1086/319757?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sjbs.2014.08.002?utm_medium=email&utm_source=transaction


lactamases: types, epidemiology and treatment. Saudi J Biol Sci. 2015, 22:90-101. 10.1016/j.sjbs.2014.08.002
8. Munita JM, Arias CA: Mechanisms of antibiotic resistance. Microbiol Spectr. 2016, 4:1.

10.1128/microbiolspec.VMBF-0016-2015
9. Akkus G, Sert M: Diabetic foot ulcers: a devastating complication of diabetes mellitus continues non-stop in

spite of new medical treatment modalities. World J Diabetes. 2022, 13:1106-21. 10.4239/wjd.v13.i12.1106
10. Li Y, Kumar S, Zhang L, Wu H: Klebsiella pneumonia and its antibiotic resistance: a bibliometric analysis .

Biomed Res Int. 2022, 6:89. 10.1155/2022/1668789
11. Nepal K, Pant ND, Neupane B, et al.: Extended spectrum beta-lactamase and metallo beta-lactamase

production among Escherichia coli and Klebsiella pneumoniae isolated from different clinical samples in a
tertiary care hospital in Kathmandu, Nepal. Ann Clin Microbiol Antimicrob. 2017, 16:62. 10.1186/s12941-
017-0236-7

12. Rosinha P, Saraiva M, Ferreira L, et al.: A retrospective cohort study on diabetic foot disease: ascertainment
of ulcer locations by age group. Cureus. 2022, 14:8. 10.7759/cureus.28189

13. Raja JM, Maturana MA, Kayali S, Khouzam A, Efeovbokhan N: Diabetic foot ulcer: a comprehensive review
of pathophysiology and management modalities. World J Clin Cases. 2023, 11:1684-93.
10.12998/wjcc.v11.i8.1684

14. Sanjeeviraj S, Subburaj A, Aluri S, Thakku Sekar BR, Jalan M, Joseph AG: A cohort study on the outcome of
diabetic foot ulcers. Cureus. 2023, 31:15. 10.7759/cureus.48030

15. Devi LS, Broor S, Rautela RS, Grover SS, Chakravarti A, Chattopadhya D: Increasing prevalence of
Escherichia coli and Klebsiella pneumoniae producing CTX-M-type extended-spectrum beta-lactamase,
carbapenemase, and NDM-1 in patients from a rural community with community acquired infections: a 3-
year study. Int J Appl Basic Med Res. 2020, 10:156-63. 10.4103/ijabmr.IJABMR_360_19

16. Khadse SN, Ugemuge S, Singh C: Impact of antimicrobial stewardship on reducing antimicrobial resistance .
Cureus. 2023, 4:15. 10.7759/cureus.49935

17. Agrawal P, Ghosh AN, Kumar S, Basu B, Kapila K: Prevalence of extended-spectrum beta-lactamases among
Escherichia coli and Klebsiella pneumoniae isolates in a tertiary care hospital. Indian J Pathol Microbiol.
2008, 51:139-42. 10.4103/0377-4929.40428

18. Woldeteklie AA, Kebede HB, Abdela AA, Woldeamanuel Y: Prevalence of extended-spectrum β-Lactamase
and carbapenemase producers of gram-negative bacteria, and methicillin-resistant staphylococcus aureus in
isolates from diabetic foot ulcer patients in Ethiopia. Infect Drug Resist. 2022, 15:4435-41.
10.2147/IDR.S371431

19. Rawat D, Nair D: Extended-spectrum β-lactamases in gram negative bacteria . J Glob Infect Dis. 2010, 2:263-
74. 10.4103/0974-777X.68531

20. Bahr G, González LJ, Vila AJ: Metallo-β-lactamases in the age of multidrug resistance: from structure and
mechanism to evolution, dissemination, and inhibitor design. Chem Rev. 2021, 121:7957-8094.
10.1021/acs.chemrev.1c00138

21. Ibrahim AJ, Bhatawadekar SM, Arunima, Peerzada BY, Modak MM, Lahiri KK: Bacterial profile of diabetic
foot ulcer - study from western India. Int J Health Sci Res. 2016, 6:65-71.

22. Chinemerem Nwobodo D, Ugwu MC, Oliseloke Anie C, Al-Ouqaili MT, Chinedu Ikem J, Victor Chigozie U,
Saki M: Antibiotic resistance: the challenges and some emerging strategies for tackling a global menace . J
Clin Lab Anal. 2022, 36:9. 10.1002/jcla.24655

23. Baig MS, Banu A, Zehravi M, et al.: An overview of diabetic foot ulcers and associated problems with special
emphasis on treatments with antimicrobials. Life (Basel). 2022, 12:1054. 10.3390/life12071054

 
Published via Advanced Sciences Academic
Channel

2024 Patil et al. Cureus 16(8): e66089. DOI 10.7759/cureus.66089 9 of 9

https://dx.doi.org/10.1016/j.sjbs.2014.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/microbiolspec.VMBF-0016-2015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/microbiolspec.VMBF-0016-2015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4239/wjd.v13.i12.1106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4239/wjd.v13.i12.1106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2022/1668789?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2022/1668789?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12941-017-0236-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12941-017-0236-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.28189?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.28189?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12998/wjcc.v11.i8.1684?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12998/wjcc.v11.i8.1684?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.48030?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.48030?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijabmr.IJABMR_360_19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijabmr.IJABMR_360_19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.49935?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.49935?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0377-4929.40428?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0377-4929.40428?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/IDR.S371431?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/IDR.S371431?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0974-777X.68531?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0974-777X.68531?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/acs.chemrev.1c00138?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/acs.chemrev.1c00138?utm_medium=email&utm_source=transaction
https://www.ijhsr.org/IJHSR_Vol.6_Issue.5_May2016/10.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jcla.24655?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jcla.24655?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/life12071054?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/life12071054?utm_medium=email&utm_source=transaction

	Antibiotic Resistance Profiles of Extended-Spectrum β-Lactamase (ESBL)- and Metallo-β-Lactamase (MBL)-Producing Klebsiella pneumoniae Isolates From Diabetic Foot Ulcers: Implications for Treatment Strategies
	Abstract
	Background
	Aim
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	FIGURE 1: Klebsiella pneumoniae isolates.
	FIGURE 2: Antibiotic susceptibility testing was conducted using the Kirby-Bauer disk diffusion.

	Results
	TABLE 1: Demographic and clinical characteristics of study participants
	TABLE 2: Prevalence of ESBL- and MBL-producing isolates
	TABLE 3: Antibiotic resistance patterns of ESBL- and MBL-producing isolates
	TABLE 4: Associations between clinical characteristics and ESBL-/MBL-producing isolates

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


