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Abstract

Background: Diabetic foot ulcers (DFUs) are a major cause of morbidity in India, with microbial resistance
complicating management. This study characterizes the clinico-microbiological profile of DFUs from Northeast
India.

Methods: A hospital-based observational study of 75 DFU patients was conducted from March 2023 to
February 2024. Pus samples were cultured, and isolates underwent antimicrobial culture and sensitivity.
Results: The mean age of the patients was 56.4 + 10.7 years, with a male predominance (73.3%). Gram-
negative organisms were the most dominant (76%), primarily Pseudomonas aeruginosa (28%) and Klebsiella
pneumoniae (16%). Gram-positive isolates accounted for 24% of the isolates and were predominantly
Staphylococcus aureus (13%). Poor glycemic control (HbAlc >9.3% in 52%) correlated with higher Wagner
grades (r=0.294, p=0.010).

Conclusion: Empirical therapy should cover both gram-negative and gram-positive organisms in this region.
Local resistance patterns emphasize the need for culture-guided therapy.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Diabetes mellitus is a chronic metabolic disorder crucial role by diminishing protective sensation and
characterized by hyperglycemia, resulting from impairing sweating and blood flow regulation,
defects in insulin secretion, insulin action, or both respectively [12, 13, 14, 15, 16]. Peripheral artery
[3]. The prevalence of diabetes is rapidly increasing discase  contributes to  ischemia, further
worldwide, posing a significant global health compromising tissue integrity and wound healing
challenge [2]. Long-term complications of diabetes [13, 13]. Infection, often polymicrobial, can
include microvascular complications such as exacerbate ulceration and lead to limb-threatening
retinopathy, nephropathy, and neuropathy, as well or life-threatening complications [8, 17]. The
as macrovascular complications such as coronary microbiology of DFUs is complex and often
artery disease, peripheral artery disease, and involves a wide range of microorganisms [18].
cerebrovascular disease [4, 5, 6]. Diabetic foot Both gram-positive and gram-negative bacteria can
ulceration (DFU) is a major complication of be isolated, and the prevalence of specific
diabetes, often resulting from the interplay of organisms can vary depending on factors such as
neuropathy, peripheral artery disease, and infection geographic location, ulcer severity, and prior
[7, 8]. DFUs are a significant cause of morbidity antibiotic ~ exposure  [19, 20, 21, 22].
and mortality in patients with diabetes [8, 9]. They Staphylococcus aureus is a frequently isolated
can lead to substantial deterioration in quality of gram-positive  organism, while Pseudomonas
life, prolonged  hospitalizations, increased aeruginosa, Escherichia coli, and Klebsiella
healthcare costs, and an elevated risk of lower pneumoniae are commonly encountered gram-
extremity amputation [10, 11]. The pathogenesis of negative bacteria [23, 24]. Anaerobic bacteria may
DFUs is complex and multifactorial [12]. Diabetic also play a role, particularly in deep or necrotic
neuropathy, both sensory and autonomic, plays a ulcers [25]. Antimicrobial resistance is a growing
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concern in the management of DFUs [26]. Many of
the bacteria isolated from DFUs exhibit resistance
to multiple antibiotics, including commonly used
agents [26]. The prevalence of multi-drug resistant
organisms (MDROs), such as methicillin-resistant
Staphylococcus aureus (MRSA) and extended-
spectrum beta-lactamase (ESBL)-producing
Enterobacteriaceae, is  increasing,  further
complicating treatment [27, 28]. Knowledge of the
local prevalence of specific pathogens and their
antibiotic susceptibility patterns is crucial for
guiding empirical antibiotic therapy and optimizing
patient outcomes [29, 30, 27, 31, 32].

Despite the availability of various treatment
modalities, including advanced wound care
techniques, offloading strategies, and
revascularization procedures, infection remains a
major challenge in the management of DFUs [33,
34, 35, 36, 37]. Inadequate or inappropriate
antibiotic therapy can lead to treatment failure,
prolonged infection, and an increased risk of
amputation [37]. Therefore, it is essential to have a
thorough understanding of the microbiology of
DFUs and the antibiotic susceptibility patterns of
the causative organisms [37]. There is a paucity of
data on the clinico-microbiological profile of DFUs
in our region [37]. This study was undertaken to
address this gap in knowledge [37].

Aims and Objectives

This study aimed to evaluate the clinical and
microbiological characteristics of diabetic foot
ulcers in patients attending a tertiary care center
[37]. The specific objectives were:

L. To assess the clinical and microbiological
profile of diabetic foot ulcers [37].

Methods and Methodology

This cross-sectional observational study was
conducted at Assam Medical College & Hospital
from March 2023 to February 2024 [37]. Adults
aged >18 years with diabetic foot ulcers (Wagner
grade 1-4) and diagnosed with type 1 or type 2
diabetes mellitus were included, while patients with
critical ischemia or gangrene requiring immediate
surgery and those who had received antibiotics
within the past 72 hours were excluded [37].

Clinical evaluation included Wagner grading,
assessment of neuropathy using the 10g
monofilament test, and vasculopathy evaluation via
the ankle-brachial index [37]. Deep tissue swabs
were collected for microbiological analysis and
cultured on blood and MacConkey agar, with
organism identification performed using MALDI-
TOF MS [37]. Statistical analysis was performed
using SPSS v21.0, employing descriptive statistics
and Pearson’s correlation to assess the relationship
between HbAlc levels and ulcer severity [37].
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Discussion

Diabetic foot ulcer (DFU) remains a significant
cause of morbidity and a leading precursor to non-
traumatic lower limb amputation worldwide [37].
This single-center observational study investigated
the clinical and microbiological profiles of DFU
patients presenting to a tertiary care hospital in
Northeast India and explored associations with
glycemic control and antimicrobial resistance
trends [37]. The mean age of the study population
was 56.39 £ 10.68 years, with the majority (52%)
falling within the 51-60 age group [37]. This is
comparable to studies by Banik et al. [38] and Ali
et al. [39], which identified the fifth and sixth
decades of life as the peak incidence period for
DFUs, possibly due to the cumulative burden of
chronic  hyperglycemia and diabetes-related
complications [39]. Males constituted 73.33% of
the cohort, reflecting the gender-based distribution
reported in similar studies across India and
neighboring countries [39, 40]. This male
predominance may be attributed to greater outdoor
activity, delayed health-seeking behavior, and
occupational exposure to trauma [40].

Type 2 diabetes mellitus was present in 94.67% of
the participants, which mirrors national trends and
supports the global understanding that Type 2 DM
constitutes the overwhelming majority of diabetic
cases [41]. A significant portion (66.67%) had
diabetes for more than 11 years, indicating a strong
correlation between disease chronicity and ulcer
development [41]. Furthermore, over 50% of the
subjects had HbAlc values exceeding 9%, denoting
poorly controlled diabetes [41]. This finding
resonates with studies by Al-Maskari et al. [42] and
Ghanbari et al. [43], which establish a direct
relationship between suboptimal glycemic control
and DFU severity [43, 44, 43]. Hypertension and
smoking were observed in 56% and 38.67% of the
cases, respectively [43].

These comorbid conditions further impair
microvascular and macrovascular circulation,
exacerbating ischemia and hindering wound
healing [43, 45, 46, 47]. Peripheral neuropathy was
present in 81.33% of the cases, consistent with
global estimates that suggest neuropathy is the
most common underlying pathology in DFUs [48,
13, 14].

Vasculopathy =~ was identified in  53.33%,
highlighting the need for combined assessment of
both neural and vascular status in patients with
chronic ulcers [48]. Wagner Grade 2 ulcers were
the most frequently encountered (42.67%),
followed by Grade 3 (28%), indicating that a
majority of patients presented with moderate to
severe lesions [49, 50, 49, 49]. The most common
ulcer sites were the plantar forefoot and toes, areas
known for high-pressure contact and trauma risk
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[49]. There was a statistically significant positive
correlation between elevated HbAlc and higher
Wagner grade, emphasizing the detrimental effect
of hyperglycemia on wound progression and tissue
integrity [51, 43, 51]. Microbiological cultures
yielded pathogens in all 75 cases, with
polymicrobial growth observed in a subset [51].
Gram-negative organisms predominated (76%),
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aligning with recent Indian studies that report a
shift in microbial profiles from gram-positive to
gram-negative dominance, especially in chronic
and hospitalized ulcer cases [51, 24, 52]. This trend
is thought to be related to prolonged hospital stays,
repeated antibiotic exposure, and advanced ulcer
stages [52].

Table 1: Age Distribution

Age (years) Patients Percentage
<41 8 11.94%
41-50 14 20.90%
51-60 32 47.76%
61-70 17 25.37%
71-80 4 5.97%
Total 75 100%
Mean = SD 56.39 = 10.68
Table 2: Gender Distribution
Gender Patients Percentage
Male 55 73.33%
Female 20 26.67%
Total 75 100%
Table 3: Type of Diabetes Mellitus
Type Patients Percentage
Type 1 19 25%
Type 2 56 75%
Total 75 100%
Table 4: Duration of Diabetes Mellitus
Duration (years) Patients Percentage
0-5 7 9%
6-10 13 17%
11-15 23 31%
1620 26 35%
>21 6 8%
Total 75 100%
Table 5: Duration of Ulcer
Duration (days) Patients Percentage
<10 38 51%
11-20 15 20%
21-30 12 16%
31-60 10 13%
Total 75 100%
Table 6: Site of Lesion
Site Patients Percentage
Foot 34 45%
Leg 5 7%
Heel 16 21%
Toes 20 27%
Total 75 100%
Roy et al. International Journal of Current Pharmaceutical Review and Research
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Table 7: Microbial Isolates from Diabetic Foot Ulcers

Category Organism Frequency, n (%)

Gram-negative (76%) Pseudomonas aeruginosa 21 (28%)
Klebsiella pneumoniae 12 (16%)
Escherichia coli 6 (8%)
Acinetobacter baumannii 5 (7%)

Gram-positive (24%) Staphylococcus aureus 10 (13%)
Coagulase-negative staph 5 (7%)
Streptococcus pyogenes 3 (4%)

Pseudomonas aeruginosa was the most frequently
isolated gram-negative organism (36%), followed
by Klebsiella pneumoniae (21%) and Escherichia
coli (10.5%) [52]. These organisms are notable for
their biofilm-forming ability, intrinsic resistance
mechanisms, and association with prolonged
infection duration and treatment failure [52].
Staphylococcus aureus was the leading gram-
positive isolate (55% of gram-positive cultures),
which remains consistent with its well-documented
role in skin and soft tissue infections [52, 53].
Notably, MRSA strains were encountered, posing
additional therapeutic challenges [54, 54]. Other
isolates  included  Streptococcus  pyogenes,
coagulase-negative staphylococci (CONS), and
anaerobic organisms in deep necrotic ulcers [54]. It
is also notable that 4-5 isolates did not show any
growth.

The antibiogram revealed alarming resistance
trends [54]. Pseudomonas aeruginosa displayed
moderate sensitivity to Cefepime (70%) and
Ciprofloxacin (61.9%), but marked resistance to
Imipenem (52.38%) and Piperacillin-Tazobactam
(33.33%), suggesting emerging carbapenem
resistance—a significant public health concern
[54]. Klebsiella pneumoniae isolates were highly
resistant to Amikacin (66.67%) and TMP-SMX
(66.67%) but retained sensitivity to Tigecycline
(66.67%) and Meropenem (60%) [54]. E. coli
showed similar patterns, reinforcing the need for
cautious use of broad-spectrum antibiotics to
prevent further resistance amplification [54].
Among gram-positive organisms, Staphylococcus
aureus exhibited good sensitivity to Azithromycin
(70%), Doxycycline (60%), and Clindamycin
(60%), but moderate resistance to Linezolid (50%)
[54]. This suggests the potential utility of oral
agents in outpatient settings or mild cases, though
culture-directed therapy remains paramount [54].

Our findings are consistent with other Indian
studies that show a predominance of gram-negative
organisms in DFUs, unlike Western studies where
gram-positive pathogens are more prevalent [54].
The divergence may be due to geographic
variability, ulcer chronicity, healthcare access, and
antibiotic stewardship practices [54]. Studies by
Bansal et al. [24] and Shanmugam et al. [52] also
noted a rising prevalence of multidrug-resistant
organisms (MDROs), including ESBL producers
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and MRSA, in DFUs, underscoring the necessity of
local surveillance to guide empirical therapy [55,
28].

These data underscore the complexity of DFUs as a
clinical entity influenced by metabolic, vascular,
and microbial factors [52]. The high prevalence of
MDROs, coupled with the late presentation of
patients with advanced ulcer grades, highlights the
need for early detection, patient education, and
structured foot care programs [56, 56]. Empirical
antibiotic therapy should be based on regional
antibiograms, with de-escalation guided by culture
sensitivity results [57, 30, 57]. Additionally,
multidisciplinary care—including endocrinologists,
microbiologists, surgeons, and wound care
specialists—is critical for optimal outcomes [57].
Interventions such as offloading, vascular
assessment, and surgical debridement should
complement antibiotic therapy to ensure
comprehensive management [58, 58, 35, 36].

Conclusion

The present study was carried out in the
Department of Medicine, Assam Medical College
and Hospital, from March 2023 to February 2024,
in which 75 patients with diabetic foot ulcers were
studied [58]. Diabetic foot infection is a prevalent
global health issue that is regularly encountered in
medical practice and often results in the amputation
of the lower leg unless a timely, logical, and
multidisciplinary strategy is used [58]. Essential
components of effective care for achieving timely
and efficient healing of diabetic foot ulcers (DFU)
include early detection and treatment, education,
precise control of blood sugar levels, regular foot
inspections, and comprehensive identification of
the disease-causing microorganism and its
vulnerability to antibiotics [59, 59]. The objective
of our study is to determine the clinical and
microbiological features, as well as the antibiotic
susceptibility patterns, of the organisms found in
persons with diabetic foot ulcers [59]. This
information will inform our judgment on the
antibiotic regimen to be delivered to the patients
until we have the sensitivity data [59]. Moreover,
this policy will discourage the wuncontrolled
utilization of antibiotics and the emergence of
antibiotic resistance [59].
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Limitations:

1.

2.

The study was conducted at a singular site and
had a restricted number of participants.

The study only included diabetic foot ulcers
(DFU) that had a primary infection caused by a
dominant pathogen.
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