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Abstract

Introduction: Diabetes increases the susceptibility of wounds to a variety of infections, including
bacteria. It is a major factor in lower limb amputations and can progress from a soft tissue infection
to a bone infection. For a good prognosis, it's crucial to make an early diagnosis and choose a course
of therapy based on the identification of the pathogens and their antimicrobial susceptibility patterns.
As a result, the goal of this study was to identify the bacteria that cause foot ulcers and assess their
profile of antibiotic resistance.

Materials and Methods: Using sterile swabs, samples of diabetic foot ulcers were aseptically taken.
Culture, Gram staining, and biochemical tests were used to identify the isolates. The Kirby-Bauer
disc diffusion method was used to assess the antibiotic susceptibility of the isolated bacteria.
Results: Out of 150 patients with diabetes, 67 patients had diabetic foot ulcer. 37.3% of them were
female and 62.7% of them were male. Of these, 55.2% were Gram negative and 41.7% were Gram
positive isolates. The most predominant bacteria among the isolated microorganisms were
Staphylococcus aureus (31.3%), followed by Pseudomonas species (17.9%). Most of the Gram
positive bacteria were resistant to dicloxacillin and Cefuroxime. The majority of Gram negative
bacteria were resistant to Cefepime followed by tetracycline, cefotaxim, and cefuroxime.
Conclusion: Numerous multidrug resistant bacteria and a wide range of pathogens can infect diabetic
foot ulcers. The outcome demonstrated a general rise in bacterial resistance to antimicrobial drugs
and highlights the significance of microbiological analysis and antimicrobial susceptibility testing
prior to beginning antibiotic treatment for infections in diabetic foot ulcers.

Keywords: Antimicrobial agents; diabetic mellitus; diabetic foot ulcer; Gram-positive bacteria;
gram-negative bacteria.

1. Introduction:

Diabetes mellitus affects around 422 million people worldwide and is accountable for an estimated
two million deaths per year®. Diabetic foot ulcer is a serious and debilitating complication of untreated
diabetes that typically appears as ulceration on the plantar portion of the foot?. It will appear in about
25% of diabetic individuals throughout the course of their lives, and more than 50% of these ulcers
will become infected®. DFU is brought on by repeated trauma as a result of a confluence of conditions
including immune impairment, peripheral vascular disease, and loss of protective sense?. Ulcers are
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most likely to occur in the weight bearing areas such as plantar metatarsal head, heel, tips of hammer
toes and other major areas®. The lack of protective sensation in the feet predisposes diabetes patients
to developing trauma and ulcers. This sensory impairment is brought on by the over-expression of
sorbitol dehydrogenase and aldose reductase, which leads to an increase in fructose and sorbitol
production. These glucose byproducts build up and cause osmotic stress, which lowers myoinositol
production and nerve conduction in nerve cells®. Moreover, diabetes can cause sensory neuropathy
as well as neural autonomic dysfunction, which impair sweat production and make the foot more
prone to dryness, skin cracking and fissures’. Muscle atrophy and anatomical flaws in the foot can
also result from motor neuron dysfunction. This raises the risk of ulceration by causing focally raised
pressures at distinct plantar foot zones®. In addition, significant changes to the extracellular matrix
(ECM) and inflammation both contribute significantly to the persistence of the non-healing DFU®.
Moreover, a large number of microorganisms would colonize and multiply in the ulcer, accentuating
tissue and causing infection®. The protein and carbohydrate components found in diabetic foot ulcer
can act as nidus for infection'!. In the early acute stage, diabetic foot infection is typically
monomicrobial and brought on by Gram positive cocci; in the chronic stage, it is typically
polymicrobial and brought on by a combination of Gram negative aerobes, anaerobes, and fungi'?.
Bacteria that show drug resistance to three or more widely used antibiotics that are typically sensitive
are referred to as multi-drug resistant pathogens®2. It is critical to concentrate on evaluating the risk
factors of multi-drug resistant bacterial infections in order to find more effective treatment options®*.
Continuous updates of the microorganisms responsible for infection and their resistance pattern
remain a keystone in the management process, since infection with resistance strains is increasing
and poses additional morbidity and mortality®®. The treatment of diabetic foot infection requires the
selection of the appropriate antimicrobial. In an effort to determine the best antimicrobial treatment
options for patients, the goal of this study is to identify the bacteria that cause foot ulcers and assess
their profile of antibiotic resistance.

2.Material and Methods

2.1 Study design and participant subjects

This study was conducted in the department of Microbiology at the G.S. Medical College& Hospital.
The current study included 300 participants from G.S medical college. Out of the 300 participants
chosen, 150 had type 2 diabetes, while the remaining 150 acted as the control group. The American
Diabetes Association (ADA, 2022)'s criteria were used to determine the diagnosis of T2DM in each
subject!®. After receiving proper approval from the institutional ethical committee, the study got
underway. Prior to the event, each participant got counseling about diabetes, including its causes,
symptoms, complications, etc. Before registering, all subjects were made aware of the study's goals.
Before giving their written agreement, every subject was fully informed of the advantages and
disadvantages of the study.

2.1.1 Inclusion and exclusion criteria employed for selection of subjects

Inclusion Criteria

This study included all adult diabetic patients with ulcers who visited the clinic during the study
period, provided informed consent, and whose ulcers were higher than or equivalent to the Wagner
first degree grading scale.

Exclusion criteria

Subjects with additional disease accompanied by diabetic foot ulcer were not admitted to the
Department of Diabetic foot and those subjects presently using any other drug which interferes with
the interpretation of trial results were excluded.

2.2 Collection of samples
Using two sterile swabs that had been dipped in sterile glucose broth, samples were collected from
the deepest area of the ulcer. The swab was used to take the samples while rotating it around like a
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film. Gram staining was done on one swab, while culture was done on the other. Socio-demographic
and other clinical data were gathered using semi-structured questionnaires.

2.3 Pathogen identification

The ulcerated secretions were taken on the day of admission using ulcer swabs and cultured within 1
h after collection. Directly from the sample, a Gram smear was evaluated. Three different agar
plates—blood agar, MacConkey agar, and chocolate agar —were used to inoculate the samples. After
being incubated at 37°C for the entire night, the inoculation plates were examined the next day for
growth. According to the Wagner Diabetic Foot Ulcer Classification System, ulcers were categorized
in this study.

2.4 Antibiotic susceptibility test

The Kirby Bauer disc diffusion technique was used to assess the antibiotic susceptibility of the
isolated bacteria on Mueller Hinton Agar in accordance with the Clinical Laboratory Standard
Institute (CLSL) guidelines 2020%’. To make the inoculums for each isolate, colonies from the
purified culture were overnight emulsified in test tubes with sterile saline (0.85%) and turbidity
adjusted to standard 0, 5 McFarland. A sterile swab was used to evenly distribute the bacterial
suspension over the MHA plate. After waiting three minutes, the antibiotic discs were added.
Amikacin, Cefotaxim, Cefuroxime, Imipenem, Ciprofloxacin, Tetracycline, Gentamicin, Cefepime,
Chloramphenicol, and Meropenem were among the antibiotic discs used for Gram-negative bacteria.
Ampicillin, Cefotaxim, Cefuroxime, Dicloxacillin, Levofloxacin, Tetracycline, Gentamicin,
Vancomycin, Erythromycin, and Penicillin were the antibiotics used for Gram-positive bacteria.
Using a Vernier calliper, the diameter of the zones of inhibition was measured after the plates were
incubated for 16-18 hours at 35°C. The data were then interpreted in accordance with CLSL
standards.

For each and every laboratory procedure, standard operating procedures were employed. To confirm
the outcome of antibiotics, media, and to evaluate the quality of the overall laboratory procedure,
quality control strains of Escherichia coli (ATCC 27853), Enterococcus faecalis (ATCC 29212),
Pseudomonas aeruginosa (ATCC 27853), Staphylococcus aureus (ATCC 25923), and K. pneumonia
(ATCC 1705) were used.

3. Result

Patient data: 67 of the 150 diabetic individuals had diabetic foot ulcers. The mean age of diabetes
patients was 49.7 years, with a mean fasting blood glucose level of 183.7 mg/dl and a mean
postprandial blood glucose level of 260.6 mg/dl. Of these, 42 (62.7%) were male and 25 (37.3%)
were female. 9.4% was the mean HbA1c level. Among the patients who were included, the proportion
of Wagner grade 111 patients was noticeably higher.

Table 1: Baseline characteristics of subjects recruited to the study

Parameters Variables Normal Diabetic
(n=150) (n=150)
Mean age(years) 30-70 48.5 49.7
Sex (No.) M/F 105/45 100/50
DFU M/F - 42/25
BMI (Kg/m?)18-30 24.5+0.8 25.1+0.7
Duration of diabetes <1 - 32
(Years) 1-10 - 88
11-20 - 28
21-30 - 02
Systolic blood pressure (mmHg) 127.9+£3.2 130.5+3.3
Diastolic blood pressure (mmHg) 78.4+1.4 79.3+1.0
Wagner’s classification system Grade | - 10
Grade Il - 21
Grade 111 - 27
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Grade IV - 09
Grade V - -

BMI: Body Mass Index; DFU: Diabetic foot ulcer

3.1 Identification of microorganisms

32 of the 67 samples were monobacterial in origin, while 35 of the samples displayed polymicrobial
growth. Of these 28 isolates, 41.7% of them were Gram positive and 37 (55.2%) were Gram negative.
Staphylococcus aureus (31.3%) was the most prevalent bacteria among the isolated bacteria, followed
by Pseudomonas species (17.9%) and Escherichia coli (14.9%). Acinetobacter species, Klebsiella
pneumonia, Enterococcus species, and Proteus vulgaris were among the other isolates. One of the
two isolated fungi was recognized as a Candida species, and the other as Aspergillus niger. No
significant difference was found among the isolates. Out of 67 diabetes subjects with diabetic foot
ulcer, 27 subjects were classified to have Wagner grade 111 diabetic foot ulcer followed by Grade II.

Table 2: Profile of microorganism isolated from Diabetic foot ulcer

Isolated Microorganism Frequency (N=67) Percentage (%)
Staphylococcus aureus 21 31.3
Pseudomonas species 12 17.9
Escherichia coli 10 14.9
Streptococcus species 05 74
Acinetobacter species 06 8.9
Klebsiella pneumoniae 07 10.4
Enterococcus species 02 2.9
Proteus species 02 2.9
Candida species 01 1.4
Aspergillusniger 01 14

3.2 Antibiotic resistant profile of Gram positive isolates

Using various antibiotic combinations, 28 Gram positive bacteria were tested for antibiotic
susceptibility. The majority of Gram-positive bacteria were resistant to dicloxacillin, cefuroxime,
cefotaxim, gentamicin, and tetracycline. Most Staphylococcus aureus and Enterococcus species
isolates were found to have high levels of resistance and to be resistant to dicloxacillin, cefotaxim,
gentamicin, and tetracycline. Gram positive bacteria have significantly greater levels of dicloxacillin
resistance.

Table 3: The Antimicrobial susceptibility pattern of Gram positive bacteria

Antimicrobial Staphylococcus aureus Streptococcus species Enterococcus

Agents (N=21) N=5) species(N=2)

S R S R S R

(%) (%) (%) (%) (%) (%)

Ampicillin 07 (33.3) 14 (66.6) 2 (40) 3(60) 1 (50) 1 (50)
Cefotaxim 05 (23.8) 16 (76.1) 3(60) 2 (40) 0 (00) 2 (100)
Cefuroxime 04 (19.0) 17 (80.9) 2 (40) 3(60) 2 (100) 0 (00)
Dicloxacillin 04 (19.0) 17 (80.9) 2 (40) 3(60) 0 (00) 2 (100)
Levofloxacin 14 (66.6) 07 (33.3) 2 (40) 3(60) 2 (100) 0 (00)
Tetracycline 07 (33.3) 14 (66.6) 2 (40) 3(60) 0 (00) 2 (100)
Gentamicin 06 (28.5) 15 (71.4) 2 (40) 3 (60) 0 (00) 2 (100)
Vancomycin 16 (76.1) 05 (23.8) 3 (60) 2 (40) 1 (50) 1 (50)
Erythromycin 09 (42.8) 12 (57.1) 4 (80) 1 (20) 0 (100) 2 (100)
Penicillin 08 (38.0) 13 (61.9) 3(60) 2 (40) 0 (100) 2 (100)

3.3 Antibiotic resistant profile of Gram negative isolates

The antibiotic susceptibility of 37 distinct Gram negative bacteria was tested using various antibiotic
combinations. Tetracycline, Cefotaxim, and Cefuroxime were resistant against Gram-negative
bacteria after Cefepime. Tetracycline and Cefotaxim resistance was found in Escherichia coli
isolates. Tetracycline, cefotaxim, and cefepime were not effective against Pseudomonas
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spp.Imipenem and Meropenem were not resistant to any Proteus species. The majority of antibacterial
medications, including tetracycline, cefepime, chloramphenicol, cefotaxim, and meropenem, were
resistant against Acinetobacter spp. and Klebsiella spp.

Table 4: The Antimicrobial susceptibility pattern of Gram negative bacteria

Antimicrobial Pseudomonas spp. Escherichia coli Acinetobacter Klebsiella Proteus species
Agents spp. pneumonia
(N=12) (N=10) (N=06) (N=07) (N=02)
S R S R S R S R S R

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Amikacin 07(58.3) | 05(416) | 08(80) | 02(20) | 2(33.3) | 4(66.6) | 02(285) | 5(71.4) | 1(50.0) | 1(50.0)
Cefotaxim 04(33.3) | 08(66.6) | 03(30) | 07(70) | 1(16.6) | 5(83.3) | 02(285 | 5(71.4) | 2(100) 0 (00)
Cefuroxime 09 (75) 03(25.0) | 09(90) | 01(10) | 2(33.3) | 4(66.6) | 01(14.2) | 6(85.7) | 1(50.0) | 1(50.0)
Imipenem 07(58.3) | 05(41.6) | 08(80) | 02(20) | 3(50.0) | 3(50.0) | 03(42.8) | 4(57.1) | 2(100) 0 (00)
Ciprofloxacin 06 (50) 06 (50.0) | 06(60) | 04(40) | 2(33.3) | 4(66.6) | 04(57.1) | 3(42.8) | 1(50.0) | 1(50.0)
Tetracycline 01 (8.3) 11(91.6) | 01(10) | 09(90) | 1(16.6) | 5(83.3) 00 (00) 7(100) | 00 (00) 2(100)
Gentamicin 11(91.6) | 01(8.30) | 08(80) | 02(20) | 4(66.6) | 2(33.3) | 01(14.2) | 6(85.7) | 1(50.0) | 1(50.0)
Cefepime 00 (00) 12 (100) 00 (00) | 10(10) 0 (00) 6 (100) 00 (00) 7(100) | 00 (00) 2(100)
Chloramphenicol 10(83.3) | 02(16.6) | 08(80) | 02(20) | 3(50.0) | 3(50.0) 00 (00) 7(100) | 1(50.0) | 1(50.0)
Meropenem 08 (66.6) | 04(33.3) | 07(70) | 03(30) | 1(16.6) | 5(83.3) | 05(71.4) | 2(28.5) | 2(100) 0 (00)

4. Discussion

According to Wang et al. (2022) a diabetic foot ulcer is a serious condition that affects more than just
the superficial subcutaneous tissue'®. Diabetic foot ulcers arise as a result of poorly managed or
uncontrolled diabetes'®. Diabetes-related foot ulcers may become infected and cause gangrene,
osteomyelitis, or even amputation if left untreated'®. The methods utilized to treat this infection
include surgery and antibiotic therapy?°. This analysis was carried out to determine the predominant
pathogenic bacterial infections linked to diabetic foot ulcers and their patterns of antimicrobial
sensitivity to widely prescribed antibiotics at the study sites. The majority of diabetic foot ulcer
patients in the current study (62.7%) were male; these results are in line with those of previous
studies??2, This could be explained by the greater active participation of males in outdoor sports,
which exposes them to accidents and ulcer formation.

According to the Wagner diabetic foot ulcer categorization system, ulcers were categorized in this
study?. According to research done in Egypt, where grade 111 was identified in 50% of participants
and grade Il in 25%, the most prevalent was grade 111 (40.2%), followed by grade 11 (31.3%)*%. In
contrast to these results, an Indian study revealed that grade 11 (69.2%) outperformed grade 111 (5.1%).
The recent study shows that a variety of organisms can infect diabetes individuals, but Gram negative
bacteria are the most persistent and hazardous pathogens that cause systemic symptoms. Gram
negative bacteria (55.2%) made up a higher percentage than Gram positive bacteria (41.7%). In
contrast to these results, several researches have found that Gram positive bacteria, as opposed to
Gram negative bacteria, are more commonly identified from diabetic foot ulcers?24,

This result is consistent with a previous study in which Gram negative bacteria were recovered in
88.5% of cases compared to 7% of cases for Gram positive bacteria. In a study from Egypt, there
were 56% of the samples were Gram negative and 27.7% were Gram positive samples; in another
study from northeast India, there were 79% Gram positive samples and 21% Gram negative
samples®2°,

S. aureus, E. coli and P. aeruginosa were determined to be the main isolates in our investigation. This
has a strong connection to several indigenous researches from the southern region of the nation where
S. aureus was the main pathogen?’. According to Alkhudhairy and Al-Shammari (2020), P.
aeruginosa is also a cause of the significant tissue damage that diabetes individuals experience?®. P.
mirabilis and Gram negative bacteria are additional microorganisms?®. The most frequently isolated
organisms were Staphylococcus species, specifically Staphylococcus aureus and Staphylococcus
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epidermidis, followed by Enterococcus species. This raises a serious health issue in subjects suffering
from diabetes foot ulcers and diabetes?®. Xie et al. stated that 59.8% of their samples exhibited
polymicrobial infections, the current investigation found that 52.2% of samples revealed
polymicrobialinfection®®.According to Akhiet al. (2015), monobacterial infections typically cause
mild infections, whereas polymicrobial infections typically cause severe infections?. These findings
are in line with the findings of the current study, which found that the majority of patients with
polymicrobial infections were identified as having Wagner Ill grade diabetic foot ulcers.
Furthermore, the present study found that Gram positive and Gram negative species were identified
with mild to severe infections in diabetes patients who did not receive the antibacterial medication
treatment. When selecting an antibiotic for early treatment, the majority of practitioners will prescribe
an antibiotic based on their expertise and observations®!. Prior to treatment, a proper understanding
of antibiotic resistance will aid in the effective management of the illness. The findings of the current
study will offer recommendations to doctors regarding possible antibiotics to be used in the treatment
of diabetic foot ulcers. The Gram positive bacteria in this investigation were shown to be more likely
to be resistant to dicloxacillin followed by Cefuroxime, Cefotaxim, Gentamicin, and Tetracycline.
The results of this investigation corroborated those of Sanchez-Sanchez et al., who discovered that
dicloxacillin resistance was most prevalent among Gram-positive bacteria®. The Gram-negative
bacteria that were recovered in the current study were more likely to be resistant to cefepime than to
tetracycline, cefotaxim, or cefuroxime. A higher proportion of the Gram-negative bacteria in
Sanchez-Sanchez et al.'s 2017 study were ampicillin, cefotaxime, and ceftriaxone resistant®2.
Levofloxacin, netilmicin, and amikacin are the three antibiotics that have been shown to be the most
effective in prior studies®>*. Despite the small study sample size, the findings indicated that altering
empirical techniques to stop the spread of antibiotic resistance was necessary. The present
investigation confirmed that DFU infection is caused by both Gram positive and Gram negative
bacteria. Due to their antimicrobial resistance profile, these bacteria can pose difficulties for patient
management and increase complications like osteomyelitis and potentially necessitate amputation of
the limbs.

5. Conclusion

Numerous multidrug resistant bacteria and a wide range of pathogens can infect diabetic foot ulcers.
The most common isolate in the investigation was Staphylococcus aureus, which was followed by
other Gram-negative bacteria. The present study found a high prevalence of resistance to commonly
used antibiotics, highlighting the need for vigilance while treating diseases with antibiotics.
Dicloxacillin resistance was higher among the isolates in the current investigation, followed by
cefuroxime, cefotaxim, gentamicin, and tetracycline. The results highlighted the importance of
microbiological analysis and antimicrobial susceptibility testing before starting antibiotic treatment
for infections in diabetic foot ulcers and showed a general increase in bacterial resistance to
antimicrobial medications.
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