Assessment Of Diabetic Foot Ulcers and Antibiotic Resistance Trends in the Southern Coastal Region of Tamil Nadu, India


ABSTRACT  
Diabetic foot ulcers (DFUs) are a leading cause of infection, amputation, and mortality in diabetics, particularly in India's resource-limited coastal regions. This retrospective study examined 250 DFU patients treated at a tertiary hospital in Tamil Nadu to identify clinical patterns, microbiological profiles, and antibiotic resistance trends. Most instances occurred in individuals between the ages of 51 and 70, with males accounting for the majority. The most common comorbidity was hypertension, with the toes serving as the primary ulcer location. Gram-negative organisms predominate, with Escherichia coli and Klebsiella species being the most common isolates, as well as a high MRSA prevalence. Antibiotic susceptibility tests found that ceftriaxone was the most sensitive, whereas amoxicillin + Clavulanate, cephalexin, ciprofloxacin, and amikacin were all widely resistant. The findings highlight an urgent need for culture-guided therapy and enhanced antibiotic stewardship. The findings highlight the critical need for culture-guided therapy, better antibiotic stewardship, and comprehensive foot-care regimens in diabetic populations to decrease complications and avoid amputations.
Aim: To assess the demographic characteristics, clinical profile, ulcer distribution, microbiological patterns, and antibiotic resistance trends among patients with diabetic  foot ulcers (DFUs) in the southern coastal region of Tamil Nadu, India.
Study Design: A retrospective observational analytical study.
Place and Duration of Study: The study was conducted in the Department of General Medicine and Surgery at Government Medical College Hospital, Nagapattinam, Tamil Nadu, from April 2025 to October 2025
.Methodology: A total of 250 clinically confirmed DFU patients aged ≥30 years with Type 1 or Type 2 diabetes mellitus and Wagner Grade 1–4 ulcers were included. Patient demographics, diabetes duration, comorbidities, ulcer site distribution, microbial isolates, and antibiotic susceptibility profiles were recorded and analysed. Microbiological identification and antibiotic sensitivity testing were conducted according to standard laboratory procedures to determine resistance patterns.
Results: Most DFU cases were observed among patients aged 51–70 years (54%), with males representing 56% of the study population. The majority had diabetes for 1–10 years (90%). Hypertension (60%) was the most common comorbidity. The toes (48%) were the predominant ulcer site, followed by the heel (18%) and plantar surface (14%).
Gram-negative organisms were more prevalent, with Escherichia coli (19%), Klebsiella pneumoniae (10%), and Klebsiella oxytoca (8%) being the major isolates. Staphylococcus aureus (9%), including MRSA (6%), represented major gram-positive organisms.
Antibiotic susceptibility patterns showed highest sensitivity to ceftriaxone (71%), whereas high resistance was seen to ciprofloxacin (73%), amoxiclav (89%), cephalexin (89%), amikacin (93%), and meropenem (82%) 
.Conclusion: Diabetic foot ulcers are highly prevalent among middle-aged and elderly diabetic patients in coastal Tamil Nadu, with males at higher risk. Gram-negative infections dominate, accompanied by substantial antimicrobial resistance, especially to commonly prescribed antibiotics. Ceftriaxone remains the most effective empirical choice, highlighting the need for culture-guided therapy, early detection, strict glycemic control, comorbidity management, and structured foot-care practices to minimise complications and reduce amputation risk.
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INTRODUCTION:
Diabetes mellitus is a global health concern, affecting an estimated 537 million individuals. This figure is projected to increase dramatically in the future years. India is renowned as the "Diabetes Capital of the World" and has one of the highest diabetic populations. The problem is severe in rural and semi-urban settings. Long-term uncontrolled diabetes leads to several consequences, including neuropathy, nephropathy, retinopathy, and peripheral vascular disease. One of the most serious effects is diabetic foot ulcer (DFU), which causes significant disease, mortality, and economic burden.
A diabetic foot ulcer is an ulcer in the skin below the ankle that occurs in a diabetic. It is commonly associated with peripheral neuropathy, decreased blood flow from peripheral artery disease, and infections. A diabetic patient's lifetime chance of having a foot ulcer ranges between 15 and 25%. DFUs precede around 85% of diabetic amputations. Every 30 seconds, a lower leg is amputated owing to diabetic foot problems around the world, emphasising the need for improved prevention and care techniques.
DFUs are caused by a complicated combination of circumstances. Peripheral neuropathy causes a lack of protective feeling, making patients oblivious to damage. Autonomic neuropathy causes dry skin and cracks, making infections more frequent. Peripheral artery disease and difficulties with small blood arteries limit oxygen and nutrient delivery, slowing wound healing and resulting in ischemic ulcers. Biomechanical difficulties, heavy pressure on the foot, improper footwear, and recurring minor injuries all contribute to the condition. Poor blood sugar regulation impairs the immune system, allowing bacteria to thrive and resulting in deep tissue infections.
DFUs usually include a variety of bacteria, and the species of bacteria might vary depending on location, severity of the disease, and past antibiotic treatment. In the past, Staphylococcus aureus was the most common bacterium detected in acute illnesses. Recent research indicates that gram-negative bacteria such as Escherichia coli, Klebsiella spp., Pseudomonas, and Acinetobacter are more prevalent in chronic infections. The rise in multidrug-resistant pathogens, such as MRSA and resistant Enterobacteriaceae, poses major hurdles for treatment.
Antibiotic abuse, easy access to over-the-counter medications, ineffective initial treatments, and a lack of culture-based prescribing have all contributed to widespread resistance. This complicates treatment outcomes, increasing the risk of amputations and death. Regular monitoring of bacterial profiles and antibiotic sensitivity is necessary for efficient antibiotic therapy.
High humidity, barefoot walking, trauma from fishing and farm activities, cultural customs, and poor access to specialised wound treatment all contribute to the prevalence of DFU in southern coastal India. Many patients seek aid late, presenting with serious infections, involvement of deep tissues, or gangrene, resulting in longer hospital stays and increased healthcare expenses.
Despite the severity of DFUs, there is a lack of regional data on demographics, associated health conditions, ulcer sites, bacterial species, and antibiotic resistance. There is an urgent need for evidence-based therapies, early detection techniques, and complete foot care strategies.

The purpose of this study was to look at demographics, risk factors, linked health conditions, ulcer sites, bacterial isolates, and antibiotic resistance trends among 250 diabetic foot ulcer patients in southern coastal India. The goal is to make better clinical decisions and improve patient outcomes.

MATERIAL AND METHODOLOGY:  
A retrospective observational study was conducted from April to October 2025 at Government Medical College Hospital, Nagapattinam. The study involved 250 patients with diabetic foot ulcers. We collected and analysed demographic, clinical, diagnostic, and treatment data.

SAMPLE SIZE:  
Data was collected and analysed from 250 patients for the study.   

INCLUSION CRITERIA:  
We included 250 adults aged 30 years and older with clinically confirmed Type 1 or Type 2 diabetes mellitus and Wagner Grade 1 to 4 diabetic foot ulcers. Participants provided informed consent to take part in the study.  



RESULTS:
Table 1 indicates that diabetic foot ulcers are most common among patients aged 51 to 70, who account for 54% of the study population. This suggests that the risk of foot ulcers increases with age due to chronic uncontrolled diabetes, blood vessel issues, and nerve loss. The 30-50 age group accounted for 34%, implying that difficulties are showing earlier in life due to lifestyle changes, obesity, and late diagnosis. Only 12% of patients were between the ages of 70 and 90, which could indicate inadequate healthcare access or worse survival rates. As a result, diabetic foot ulcers primarily afflict middle-aged and elderly diabetics.  
Table 1. Age-wise distribution of patients with diabetic foot ulcer

	Age Group (Years)
	No.of Patients
	Percentage %
	Approximate count (n=250)

	30-50
	34
	34 %
	85

	51-70
	54
	54 %
	135

	70-90
	12
	12 %
	30

	Total
	100
	100 %
	250




Table 2. Gender distribution of patients
	Gender
	Number of Patients
	Percentage %
	Approximate count (n=250)

	Male
	56
	56 %
	140

	Female
	44
	46 %
	110

	Total
	100
	100 %
	250



According to Table 2, male patients accounted for 56% of the instances, with female patients accounting for 44%. The higher rates among men may be attributed to more outside work exposure, a higher risk of foot injuries, and a lack of attention to preventive foot care. Social habits and footwear choices may also contribute to an increase in risk. Men appear to have a higher chance of acquiring diabetic foot ulcers than women.  

Table 3. Duration of diabetes mellitus among patients
	Duration of DM (Years)
	Number of patients
	Percentage %
	Approximate count (n=250)

	1-10
	90
	90 %
	225

	10-20
	10
	10 %
	25

	Total
	100
	100 %
	250



The majority of patients in this study (90%) had diabetes for one to ten years, demonstrating that problems such as foot ulcers can develop early when blood sugar levels are not effectively controlled. Only 10% of patients had diabetes for 10-20 years, indicating that extended illness duration, combined with cumulative nerve and vascular damage, considerably increases the incidence of ulcers. This emphasises the need to maintain strict blood glucose control in the early stages of diabetes to avoid significant complications.  

Table 4. Associated comorbidities in patients with diabetic foot ulcer
	Comorbidity Remarks
	Percentage %
	Approximate count (n=250)
	Remarks 

	Hypertension (HTN)
	60 %
	150
	Most common

	Chronic Kidney Disease (CKD)
	0 %
	0
	Not observed

	Coronary Artery Disease (CAD)
	24%
	60
	Common 

	Cerebrovascular Disease (CVD)
	5 %
	13
	Less frequent

	Anemia 
	3 %
	8
	Mild proportion

	Pulmonary Tuberculosis (PTB)
	3 %
	8
	Low prevalence



The table below indicates the most frequent medical disorders associated with diabetic foot ulcers. Hypertension was the most prevalent comorbidity (60%), indicating a strong relationship between blood vessel issues and poor wound healing. Coronary artery disease (24%) also played a major influence, indicating less blood flow and an increased risk of tissue injury. Cerebrovascular disease (5%), anemia (3%), and pulmonary tuberculosis (3%), all had a minor but significant impact on ulcer severity and overall health. Notably, there were no cases of chronic renal illness in our sample, which could be attributed to sampling exclusion or underreporting. Overall, comorbidities have a significant impact on results, increasing the risk of infection and causing poor healing.  

Table 5. Distribution of ulcer sites among patients
	Ulcer site
	Percentage
	Approximate count (n=250)
	Remarks

	Toe
	48%
	120
	Most frequent site

	Heel
	18%
	45
	Common weight-bearing area

	Plantar surface
	14%
	35
	High-pressure area

	Dorsum of foot
	15%
	38
	Exposed to trauma



Based to the table, the toe area was the most commonly damaged site (48%) due to its susceptibility to repetitive microtrauma, friction, and pressure. Many ulcers were seen on the heel (18%) and plantar surface (14%), most likely from pressure points caused by walking and standing. Dorsum ulcers (15%) were caused by direct trauma and shoe friction. Knowing the most common ulcer locations is significant since it influences the risk of infection, healing duration, and treatment options.  

Table 6. Microbiological profile of culture-positive diabetic foot ulcer cases
	Organism
	Percentage
	Approximate count (n=250)
	Nature

	Escherichia coli
	19%
	48
	Gram-negative bacillus

	Klebsiella pneumoniae
	10%
	25
	Gram-negative bacillus

	Klebsiella oxytoca
	8%
	20
	Gram-negative bacillus

	Staphylococcus aureus
	9%
	23
	Gram-positive coccus

	MRSA
	6%
	15
	Resistant Staphylococcus

	Pseudomonas spp.
	5%
	13
	Gram-negative bacillus

	Citrobacter spp.
	3%
	8
	Gram-negative bacillus

	Acinetobacter spp.
	2%
	5
	Gram-negative bacillus


 

Table 6 covers the microorganisms identified in infected ulcer sites. The most prevalent pathogen was Escherichia coli (19%), followed by Klebsiella pneumoniae (10%), Klebsiella oxytoca (8%), and Staphylococcus aureus (9%), which included MRSA (6%). The majority of the isolates were gram-negative bacteria, demonstrating that diabetic foot ulcers are caused by a variety of bacteria and frequently result in serious infections. The presence of MRSA highlights the growing problem of antibiotic resistance and the importance of focused therapy based on culture results.  

Table 7. Antibiotic sensitivity pattern among isolates
	Antibiotic
	Sensitive (%)
	Resistant (%)
	Remarks 

	Ceftriaxone
	71
	29
	Highest sensitivity among tested drugs

	Piperacillin–Tazobactam (Piptaz)
	55
	45
	Moderate sensitivity

	Ciprofloxacin
	27
	73
	High resistance

	Cefotaxime
	21
	79
	Marked resistance

	Amoxiclav (AmoxyCV)
	11
	89
	Very high resistance

	Cefoperazone + Sulbactam
	29
	71
	High resistance

	Amikacin
	7
	93
	Extremely high resistance

	Meropenem
	18
	82
	Considerable resistance

	Cephalexin
	11
	89
	Very high resistance

	Linezolid
	11
	89
	High resistance




This table displays the sensitivity and resistance rates of isolated microorganisms to common antibiotics. Ceftriaxone exhibited the highest sensitivity (71%), making it the best choice for first treatment. However, numerous commonly administered antibiotics showed high resistance, including ciprofloxacin (73% resistant), amoxicillin + Clavulanate (89% resistant), cephalexin (89% resistant), and amikacin (93% resistant). This indicates a deterioration in the efficacy of routinely used drugs and emphasises the growing problem of antimicrobial resistance. Therefore, culture-based antibiotic therapy is critical to improving outcomes in diabetic foot infections..  

Figure 1. Antibiotic sensitivity distribution (%) among isolates from diabetic foot ulcer patients.
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Figure 1 shows the antibiotic sensitivity distribution of bacterial isolates from diabetic foot ulcer patients. Ceftriaxone demonstrated the maximum sensitivity (71%), making it the most effective antibiotic in the trial. Piperacillin-Tazobactam demonstrated intermediate sensitivity (55%), indicating limited efficacy. All other antibiotics showed low sensitivity, including Amikacin (7%), Amoxiclav and Cephalexin (11%), Ciprofloxacin (27%), Cefotaxime (21%), and Meropenem (18%). These findings reveal a large proportion of antibiotic resistance, underlining the importance of culture-guided therapy rather than only initial treatment in diabetic foot infections.
  
DISCUSSION:
This study investigated the clinical characteristics, bacteriological profiles, and antibiotic sensitivity patterns in 250 diabetic foot ulcers (DFU). The results show that DFU mostly affects middle-aged and older persons, particularly those aged 51 to 70, who accounted for 54% of participants. This reflects the long-term effects of excessive blood sugar, nerve damage, and poor circulation, which all increase the likelihood of foot ulcers. The significant proportion of patients aged 30 to 50 reflects a disturbing trend toward early difficulties, most likely due to lifestyle-related health conditions.
Male patients accounted for 56% of cases, showing a greater risk, probably because of increased physical activity, employment injuries, and insufficient foot care compared to females. The length of diabetes was also important, with 90% of patients having had it for 1 to 10 years. Poor blood sugar control in the early stages can quickly lead to ulcer formation and infection.
Many patients had comorbidities, particularly hypertension (60%) and coronary artery disease (24%), which reduce blood flow and slow wound healing. The toe area was the most commonly damaged (48%), most likely due to mechanical stress, friction, and pressure points, emphasising the significance of protective footwear and regular foot inspections.
Gram-negative bacteria were found to be the most frequent, with Escherichia coli accounting for 19%, followed by Klebsiella pneumoniae and Staphylococcus aureus, including MRSA. The prevalence of resistant microorganisms underlines the growing issues in infection control.
Ceftriaxone had the highest antibiotic sensitivity (71%), indicating that it would be a good empirical choice. However, there was significant resistance to commonly used antibiotics such as Amoxicillin + Clavulanate, Cephalexin, Ciprofloxacin, and Amikacin, indicating a substantial problem with antimicrobial resistance. These findings highlight the relevance of culture-driven antibiotic therapy in preventing treatment failures and reducing resistance.
In conclusion, this study emphasises the importance of early diagnosis, strict blood sugar control, comorbidity management, suitable footwear, patient education, and careful antibiotic usage. An interdisciplinary approach is required for better healing and fewer amputations in diabetic foot ulcers.

CONCLUSION:
This study of 250 patients with diabetic foot ulcers found that the problem is most common in middle-aged and elderly people, particularly men. It is heavily influenced by the duration of a person's diabetes as well as other health conditions such as hypertension and coronary artery disease. The toe area was shown to be the most common place for ulcers, with infections primarily caused by gram-negative bacteria, particularly Escherichia coli. The antibiotic sensitivity data revealed Ceftriaxone to be the most effective treatment, although widespread resistance to routinely administered antibiotics indicates a significant concern. These findings highlight the critical necessity for early screening, rigorous blood sugar management, regular foot care, appropriate footwear, and culture-guided antibiotic therapy to improve healing, reduce complications, and prevent amputations in diabetes patients.
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