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Abstract. Diabetic foot ulcers infected with microorganisms 
increase the risk of amputation. The presence of drug‑resistant 
bacteria in diabetic foot ulcers creates a big challenge during 
the treatment. The objective of the present study was to deter‑
mine the bacterial prevalence and antibiotic resistance among 
bacteria isolated from Chinese patients with diabetic foot 
ulcers. The present study studied the microbial colonization of 
diabetic foot ulcers of patients from a single center in China. 
Wound swabs from 89 patients with diabetic foot ulcers were 
collected and the presence of microorganisms detected. The 
isolated microorganisms were subjected to antibiotic suscep‑
tibility testing by the disk diffusion method. Of 89 patients, 
56 (62.9%) were male and 33 (37.1%) were female, the mean 
age of patients was 53.2±5.4  years, the mean duration of 
diabetes was 14.8±2.9 years, the mean random blood sugar 
was 301±87 mg/dl, mean HbA1c was 7.9±1.4%. Patients with 
Wanger ulcer grade III (36.0%; P=0.034) and patients within 
the weight range of 51‑75 kg (59.6%; P=0.012) were signifi‑
cantly higher. The prevalence rate of diabetic foot ulcers was 
11.3%. Among 153 microorganisms, gram‑positive bacteria 
(52.3%) were more prevalent than gram‑negative bacteria 
(44.4%). Most of the patients with polymicrobial infection 
were classified to have Wanger III ulcer grade diabetic foot 
ulcers. Staphylococcus aureus (38.2%) was the most predomi‑
nant bacteria isolated followed by Staphylococcus epidermidis 
(29.2%) and Escherichia coli (28.1%). Most of the gram‑posi‑
tive and gram‑negative bacteria were resistant to dicloxacillin 
(73.8%, P=0.021) and cefotaxime (50%), respectively and 
~53.4% of the isolates were multi‑drug resistance isolates, 
61.8% of the Staphylococcus  aureus were identified as 
methicillin‑resistant Staphylococcus aureus and 61.8% of the 

gram‑negative bacteria were extended‑spectrum β‑lactamase 
producers. Staphylococcus aureus and Escherichia coli were 
the predominant gram‑positive and gram‑negative bacteria 
isolated, respectively. Penicillin resistance was signifi‑
cantly higher among the gram‑negative bacteria (P=0.019). 
Staphylococcus aureus and Escherichia coli were the predom‑
inant gram‑positive and gram‑negative bacteria isolated and 
levofloxacin and nitrofurantoin were the most effective anti‑
biotics among the gram‑positive and gram‑negative bacterial 
isolates, respectively.

Introduction

Diabetes, a disease related to lifestyle, is characterized 
by chronic hyperglycemia and imposes serious problems 
and a heavy health burden on the Chinese population  (1). 
Uncontrolled diabetes will lead to several complications; for 
example, retinopathy, neuropathy, cardiopathy, nephropathy 
and diabetic foot ulcers  (2). A diabetic foot ulcer is an 
inframalleolar infection on the feet of patients with type 2 
diabetes (3). It is caused due to several risk factors including 
trauma, peripheral neuropathy, peripheral vascular disease 
and the development of resistance to infectious bacteria (4). 
In 2017, the worldwide prevalence of diabetic foot ulcers was 
6.3%; of which 13% was in North America, 7.2% in Africa, 
5.5% in Asia and 5.1% in Europe. The countrywide prevalence 
was reported to be 13% in the United States of America, 
11.6% in India and 4.1% in China (5). On presentation, 60% 
of diabetic foot ulcers can be infected with microorganisms 
and can increase the risk of amputation by 50% compared to 
patients with foot ulcers without infection (6,7).

Several microorganisms have been isolated from diabetic 
foot ulcers with aerobic gram‑positive bacteria, especially 
Staphylococcus aureus, which is the predominantly respon‑
sible organisms (8). However, deep and chronic wounds have 
often yielded aerobic gram‑negative or obligate anaerobic 
bacteria (9). Mild bacterial infections are mostly attributed to 
mono‑bacterial infection while severe infection is attributed to 
polymicrobial infections (10). Ischemia and neuropathy at the 
infected site leads to the development of necrosis, which requires 
drastic measures including debridement and/or amputation of 
the lower limb (11). Antibiotic resistance is a serious challenge 
in the treatment of diabetic foot ulcers, especially multidrug 
resistance (MDR), extended‑spectrum β‑lactamase (ESBL) 
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producing bacteria and methicillin‑resistant Staphylococcus 
aureus (MSRA)  (12,13). MDR bacteria, ESBL‑producing 
strains and MRSA have been isolated from diabetic foot 
ulcers (14,15). The presence of these resistant strains restricts 
the present treatment possibilities and makes the treatment 
more demanding with a high threat to the life of patients (16). 
Diabetic infection can worsen aggressive diagnosis and proper 
selection of antibiotic(s), which is important to the successful 
management of diabetic foot ulcers, as overuse of antibiotics 
will develop resistance from gram‑negative bacteria (16). The 
knowledge of the bacterial profile and antibiotic profile in a 
specific geographical condition can improve the treatment of 
diabetic foot ulcers. Overuse of antibiotics develops bacterial 
resistance making these drugs useless, for example, overuse 
of third‑generation cephalosporin can lead to the development 
of resistance against it from penicillin‑resistant pneumococci. 
Ceftriaxone overuse causes sleep disorders (16).

The object of the present study was the identification of 
microorganisms and the antibiotic susceptibility of bacteria 
among isolated strains retrieved from foot ulcers of patients 
with diabetes.

Materials and methods

Patients. A total of 787 consecutive patients with diabetes 
mellitus who visited the Department of Infection Management 
at the Huaihua Cancer Hospital, Hunan, China between 
January 2018 and March 2021 were evaluated. Of these 
patients, 89  patients who had diabetic foot ulcers were 
included in this study. A total of 698 diabetic patients who did 
not have foot ulcers were excluded. Patient details such as age, 
sex, weight, blood sugar level, type of diabetes and ulcer type 
based on Wanger's classification (17) and amputation details 
were collected. Other clinical conditions such as retinopathy, 
neuropathy, nephropathy, vasculopathy and hypertension were 
also collected (Table I). The present study was approved under 
the ethical approval number PR‑2017‑21 by the Human Ethics 
Committee of the Huaihua Cancer Hospital. Informed consent 
was obtained from each patient or their legal guardian for the 
commencement of the present study.

Isolation and identification of microorganisms. Wound 
exudates were obtained from foot ulcers. The deep wound 
technique (taking sample from deep inside the wound) was 
followed, using a sterile scalpel. Wounds were debrided 
and rinsed with sterile saline before swabbing. Using 
sterile swabs, samples were collected from the depth of the 
wounds. The swabs were transferred to brain heart infu‑
sion broth (Neogen Culture Media; Neogen), transported 
immediately to the laboratory and processed by standard 
culture techniques. Then swabs were inoculated onto blood 
agar, MacConkey agar and mannitol salt agar and incubated 
at 37˚C for 24 h. To identify fungi, the swabs were inoculated 
onto Sabouraud's dexterous agar (SDA) media and incubated 
at 27˚C for 5 days. The plates were observed for the pres‑
ence of growth after the incubation period, bacterial strains 
were subjected to the Gram's staining, then the isolates were 
identified using conventional biochemical tests. Bacterial 
isolation was detected phenotypically and confirmed by 
multiplex‑PCR genes (18).

Antibiotic susceptibility testing. Antibiotic susceptibility 
testing was performed by the disk diffusion method as per 
the established protocol provided in the Clinical Laboratory 
Standard Institute guidelines (19). The following routinely used 
antibiotics were tested: ampicillin (10 µg), amikacin (30 µg), 
cefotaxime (30 µg), cefepime (30 µg), chloramphenicol (30 µg), 
cefuroxime (30 µg), ceftriaxone (30 µg), erythromycin (15 µg), 
dicloxacillin (1 µg), levofloxacin (5 µg), vancomycin (30 µg), 
gentamicin (10 µg), nitrofurantoin (300 µg), penicillin (10 U), 
netilmicin (30 µg) and tetracycline (30 µg). All reagents and 
antibiotics were purchased from HiMedia Laboratories LLC.

MRSA and ESBL detection. Methicillin resistance in 
Staphylococcus aureus was detected using a 30 µg cefoxitin 
disk and oxacillin agar screen plate. Briefly, 10 µl of over‑
night culture adjusted to 0.5 McFarland's standard was 
swabbed onto Muller‑Hinton Agar plates with 4% NaCl and 
6 µl/ml of oxacillin. The plates were incubated at 37˚C for 
48 h and any presence of growth after the incubation period 

Table I. Patient characteristics.

Characteristic	 Number of isolates (%)

Sex	
  Male	 56 (62.9)
  Female	 33 (37.1)
Age (years)	 53.2±5.4
Weight 	
  ≤50 kg	 8 (9)
  51‑75 kg	 53 (59.6)
  >75 kg	 28 (31.5)
Body mass index (kg/m2)	 26.7±2.5
Duration of diabetes (years)	 14.7±3.4
Random blood sugar level (mg/dl)	 256.7±58.9
%HbA1c	 7.9±1.4
Wound size 	
  ≤5 mm	 32 (36.0)
  >5 mm	 57 (64.0)
Amputation	 41 (46.1)
Wanger ulcer grade	
  Grade 0	 4 (4.5)
  Grade I	 12 (13.5)
  Grade II	 20 (22.5)
  Grade III	 32 (36)
  Grade IV	 21 (23.6)
Clinical complications	
  Hypertension	 52 (58.4)
  Neuropathy	 34 (38.2)
  Retinopathy	 27 (30.3)
  Nephropathy	 19 (21.3)
  Vascular diseases	 48 (53.9)

Continuous variables are presented as mean  ±  standard deviation. 
Categorical variables are presented as frequency (percentages).
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was determined to be oxacillin resistant. For gram‑negative 
bacteria, ESBL production was determined by the combined 
disk method; cefotaxime (30 µg) and cefotaxime/clavulanic 
acid (30 µg/10 µg), ceftazidime (30 µg) and ceftazidime/clavu‑
lanic acid (30 µg/10 µg).

Statistical analysis. Continuous variables were given as mean, 
median (range) and percentages. Chi‑Square test (χ2‑test), 
unpaired Student's t‑test and one‑way analysis of variance 
(ANOVA) were performed using SPSS version 20 statistical 
software (IBM Corp.). The Dunnett multiple comparison test 
was used for post hoc analysis. Pearson correlation between 
resistance bacteria and patient characteristics parameters 
was utilized. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient data. Of a total of 787  patients with diabetes, 89 
(11.3%) patients had diabetic foot ulcers. Of these, 56 (62.9%) 
were male and 33 (37.1%) were female, the mean age of 
diabetic patients was 53.2±5.4 years, the mean duration of 
diabetes was 14.8±2.9 years, the mean random blood sugar was 
301±87 mg/dl, mean HbA1c was 7.9±1.4%. Patients with Wanger 
ulcer grade III (36.0%; P=0.034, χ2‑test, Fig. 1) and those within 
the weight range of 51‑75 kg (59.6%; P=0.012, χ2‑test, Fig. 2) 
were significantly higher among the enrolled patients (Table I).

Identification of microorganisms. Of the 89 samples, a total of 
153 microorganisms were isolated. Of these, 80 (52.3%) were 

gram‑positive bacteria, 68 (44.4%) were gram‑negative bacteria 
and five (3.3%) were fungal isolates. A summary diagram of 
the study is presented in Fig. 3. Overall, Staphylococcus aureus 
(34, 38.2%) was the predominant bacteria isolated followed 
by Staphylococcus epidermidis (26, 29.2%) and Escherichia 
coli (25, 28.1%). Of the five fungal species isolated, three 
(3.4%) were identified as Candida species and two (2.2%) as 
Aspergillus niger (Table II). No significant difference was 
found among the isolates (P>0.05). Among the 89 patient 
samples, 37 (41.6%) revealed a polymicrobial infection with 
more than two isolates from each sample. Of these 37 patients, 
18 patients were classified to have Wanger III ulcer grade 
diabetic foot ulcer.

Antibiotic susceptibility test. A total of 80 gram‑positive 
bacteria and 68 gram‑negative bacteria were subjected to 
antibiotic susceptibility testing using different sets of anti‑
biotics. Most of the gram‑positive bacteria were resistant to 
dicloxacillin (50, 73.8%), followed by penicillin (47, 58.8%), 
tetracycline (40, 50%) and vancomycin (40, 50%). Of the 34 
Staphylococcus aureus isolates strains, 28 (82.4%) isolates 
were resistant to penicillin and 20 (58.8%) were resistant to 
erythromycin. None of the Streptococcal isolates was resistant 
to penicillin and vancomycin (Table III). Dicloxacin resistance 
was significantly higher among the gram‑positive bacteria 
(P=0.021). The majority of gram‑negative bacteria were 
resistant to cefotaxime (34, 50.0%), followed by vancomycin 
(33, 48.5%), ampicillin (32, 47.1%), cefepime (32, 47.1%) and 
ceftriaxone (31, 45.6%). Of the 25 Escherichia coli isolates, 14 
(56%) were resistant to levofloxacin, 13 (52%) were resistant to 
ampicillin, 12 (48%) were resistant to cefotaxime and 11 (44%) 
were resistant to cefepime. None of the Klebsiella isolates was 
resistant to nitrofurantoin and netilmicin (Table IV). Penicillin 

Figure 1. Distribution of Wanger ulcer grade among enrolled patients.

Figure 2. Distribution of the weight range among enrolled patients.

Table II. Prevalence of microorganisms isolated from diabetic 
foot ulcer.

Microorganisms	 Numbers of isolates (%)

Gram‑Positive	
  Staphylococcus aureus	 34 (38.2)
  Staphylococcus epidermidis	 26 (29.2)
  Enterococcus species	 14 (15.7)
  Streptococcus species	 4 (4.5)
  Other Gram‑positive bacteria	 2 (2.2)
Gram‑Negative	
  Escherichia coli	 25 (28.1)
  Klebsiella species	 18 (20.2)
  Acinetobacter species	 12 (13.5)
  Pseudomonas aeruginosa	 9 (10.1)
  Protease species	 2 (2.2)
  Other Gram‑negative bacteria	 2 (2.2)
Fungus	
  Candida species	 3 (3.4)
  Aspergillus niger	 2 (2.2)

Variables are presented as frequency (percentages).
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resistance was significantly higher among the gram‑negative 
bacteria (P=0.019).

Of the 148 bacterial isolates, 79 (53.4%) isolates were 
found to be MDR isolates. Among the 80  gram‑positive 
bacteria, 38 (47.5%) isolates were found to be MDR and 
among the 68 gram‑negative bacteria, 41 (60.3%) isolates 
were found to be MDR isolates. Of the 34 Streptococcal 
aureus isolates, 21 (61.8%) isolates were found to be MRSA. 
Among the 68 gram‑negative bacteria, 42 (61.8%) isolates 
were ESBL producers. ESBL production was higher among 
Escherichia coli (17/25, 68%) and Klebsiella (12/18, 66.7%) 
isolates (Table V).

More than 25  kg kg/m2 body mass index (P=0.0492), 
>7  years duration of diabetes (P=0.0481), ≥6.5 HbA1C 
(P=0.0481), >5 mm wound size (P=0.0472), history of amputa‑
tion (P=0.0462) and Wanger ulcer grade ≥III (P=0.0451) were 
associated with resistant bacteria (Table VI).

Discussion

A diabetic foot ulcer is a severe problem that is not confined to 
the superficial subcutaneous tissue (20). Uncontrolled diabetes 
or improper management of it leads to the development of 
diabetic foot ulcers (21,22). In the current study majority of 
the patients with diabetic foot ulcers were male (62.9%), these 
results are in line with that reported by other studies (23,24). 
In the current study, the overall prevalence of patients with 
diabetic foot ulcers was 11.3%, which is higher than that of 
the global prevalence of diabetic foot ulcers reported by 
Zhang et al  (5). Zhang et al  (5) used a systematic review 

and meta‑analysis to calculate the global epidemiology of 
diabetic foot ulcers. The study included 67 published papers 
and reported a prevalence rate from 1.5‑16.6%. The lowest 
prevalence (1.5%) was reported in the Australian popula‑
tion and the highest prevalence (16.6%) was reported in the 
Belgium population. The study included 10 publications from 
China and reported a prevalence rate of 4.1% in the Chinese 
population which is lower than that reported (11.6%) in the 
current study. While the reported prevalence of diabetic foot 
ulcers in the Belgium population (16.6%), the Canadian popu‑
lation (14.8%) and the North American population (13%) were 
higher compared to the current study. The prevalence rate in 
the Indian population (11.6%) (5) was similar to that reported 
in the current study.

In the present study, the fraction of gram‑positive bacteria 
was higher than gram‑negative bacteria (52.3% vs. 44.4%). 
Similar to the current report, some studies have reported that 
gram‑positive bacteria are the predominant bacteria isolated 
from diabetic foot ulcers compared with gram‑negative 
bacteria (9,14). In contrast to the current study, other studies 
reported that the fraction of gram‑negative bacteria was 
higher than gram‑positive bacteria  (3,8,20‑23). Although 
gram‑negative bacteria were predominantly isolated, 
Staphylococcus  aureus (38.2%) was the predominant 
bacteria isolated in several studies (3,8,20‑22). In the current 
study, among the gram‑negative bacteria, Escherichia coli 
(28.1%) was the predominant bacteria isolated, which is 
similar to that reported by Xie et al  (8). While the other 
studies report Proteus species and/or Pseudomonas aeru-
ginosa as the predominant isolates after Staphylococcus 

Figure 3. Summary diagram of the present study.
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aureus (3,23). In the present study, Staphylococcus epider-
midis was the second most predominant organism isolated 
among the gram‑positive bacteria followed by Enterococcus 
species. Similar to the study result of Anvarinejad et al (14), 
Staphylococcus species (Staphylococcus aureus and 
Staphylococcus epidermidis) were the most prevalent 
organisms isolated followed by Enterococcus species. The 
frequent detection of Enterococcus species in patients 
compromised with such as diabetes and foot ulcers raises 
a serious health problem. However, its role in the infec‑
tion is not established (25). In the current study, 41.6% of 
patient samples revealed a polymicrobial infection, while 
Xie et al (8) reported that 59.8% of their samples revealed 
polymicrobial infection, higher than that reported in the 
current study. Akhi et al (9) reported that mild infection was 
usually associated with mono‑bacterial while severe infec‑
tions were reported with polymicrobial infections, which is 
in line with the current study result that the majority of the 
patients who had polymicrobial infection were classified to 
have Wanger III ulcer grade diabetic foot ulcers (9).

Antibiotic selection for early treatment is empirical, 
and most clinicians will prescribe an antibiotic based on 
experience and/or observations. Appropriate background 
of antibiotic resistance before treatment will help in the 
successful management of the disease(s)  (16). The current 

study results will provide suggestions to physicians and 
surgeons regarding the potential antibiotics to be used for 
the treatment of diabetic foot ulcers. In the current study, 
among the gram‑positive bacteria, dicloxacillin resistance 
was higher (73.8%) followed by penicillin resistance (58.8%). 
The current study findings corroborated with those reported 
by Sánchez‑Sánchez et  al  (3), which reported the highest 
resistance to penicillin (93%) and dicloxacillin (88%) among 
the gram‑positive bacteria. Among the different species 
identified in the current study Staphylococcus aureus was 
showed the highest resistance to penicillin (82.4%). A study 
from Pakistan reported that 100% of their Staphylococcus 
aureus isolates were resistant to penicillin (24). In the current 
study, 59.2% of the Staphylococcus aureus were resistant 
to vancomycin which was consistent with that reported by 
Sánchez‑Sánchez et al (3). By contrast, another study reported 
that none of their Staphylococcus aureus isolates was resis‑
tant to vancomycin (14). Levofloxacin (36.3%) was the most 
effective antibiotic among our gram‑positive bacteria, which 
corroborates the report by Sánchez‑Sánchez et al (3). A higher 
number of gram‑negative bacteria isolated in the current study 
showed resistance to cefotaxime (50%), ampicillin (47.1%) and 
cefepime (47.1%). While Sánchez‑Sánchez et al (3) reported 
a much higher number of their gram‑negative bacteria 
were resistant to ampicillin (92%), cefotaxime (60%) and 

Table V. Extended‑spectrum β‑lactamase producing gram-negative bacteria.

Gram‑negative	 Numbers of isolates (%)

Escherichia coli (n=25)	 17 (68.0)
Klebsiella species (n=18)	 12 (66.7)
Acinetobacter species (n=12)	 7 (58.3)
Pseudomonas aeruginosa (n=9)	 5 (55.6)
Protease species (n=2)	 1 (50.0)
Total	 21 (61.8)

Variables are presented as frequency (percentages).

Table VI. Correlation between resistance bacteria and patient characteristics parameters.

Characteristics	 Odd ratio	 95% confidence interval	 P‑value

Sex (female vs. male)	 0.8521	 0.7521‑0.8624	 0.0631
Age (>50 years vs. ≤50 years)	 0.8922	 0.7123‑0.9214	 0.0592
Weight (>50 kg vs. ≤50 kg)	 0.9521	 0.8214‑0.9952	 0.0512
Body mass index (>25 kg kg/m2a vs. ≤ 25 kg kg/m2)	 1.0211	 0.8522‑1.1211	 0.0492
Duration of diabetes (>7 yearsa vs. ≤ 7 years)	 1.0222	 0.8422‑1.2311	 0.0481
Random blood sugar level (abnormal* vs. tolerated and normal)	 1.1232	 0.8524‑1.2455	 0.0472
%HbA1c (≥6.5a vs. <6.5)	 1.2244	 0.8852‑1.3221	 0.0481
Wound size (>5 mma vs. ≤5 mm	 1.3241	 0.8951‑1.3354	 0.0472
Amputation (yesa vs. no)	 1.2541	 0.9924‑1.2514	 0.0462
Wanger ulcer grade (≥IIIa vs. <III)	 1.2544	 0.8542‑1.4211	 0.0451
Clinical complications (presence vs. absent)	 0.8522	 0.7842‑0.9122	 0.0612

Odd ratio >1 and P<0.05 were considered significant. aSignificant parameter associated with resistance bacteria.
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ceftriaxone (54%). Previous studies report that amikacin is 
the most effective antibiotic followed by netilmicin and levo‑
floxacin (3,26). However, in the current study, nitrofurantoin 
(26.5%) was the most effective antibiotic among gram‑negative 
bacteria followed by netilmicin (30.9%) and amikacin (39.7%). 
Although the study sample size was not large, the results 
suggested the need for a change in the empirical strategies to 
control the spread of antibiotic resistance.

Among the Staphylococcus aureus isolates, 61.8% found 
MRSA. Results of MRSA isolates were similar to that reported 
by Pontes et al (63.1% MRSA)  (23); lower (78%) than that 
reported by Anvarinejad et al (14) and higher (10.1‑55%) than that 
reported by the other studies (3,8,27). In the current study, 61.8% 
of the gram‑negative bacteria were ESBL producers which is 
higher than that reported by other studies (9,14,28). About 53.4% 
of the isolates in the current study were MDR, while another 
study reported that 91% of their isolates were MDR, which is 
higher than the current study (14). The very high rate of resistant 
bacteria might be due to several reasons including unsound use 
of antibiotics, prolonged hospitalization, history of surgeries and 
recent use of broad‑spectrum study antibiotics (14).

The current study limitations include the lack of single anaer‑
obic culturing and the small sample size. The high rate of MRSA 
and ESBL strains posed an alarming situation since infection 
due to these isolates are difficult to treat as these isolates may 
not respond to commonly used antibiotics. The present study 
neglected microbiological data according to the best empirical 
antibiotic treatment for diabetic foot ulcers for a good prognosis. 
The possible justification for this is that the present study has 
presented data and recommended antibiotic(s) for diabetic foot 
ulcers. However, the current study results were useful irrespective 
of the fact that it did not specify best empirical antibiotic treat‑
ment for diabetic foot ulcers; the results were too preliminary.

The present study investigated the prevalence and 
antibiotic resistance of bacteria isolated from diabetic foot 
ulcers. The prevalence rate of diabetic foot ulcers among 
patients with diabetes was 11.3%. Staphylococcus aureus and 
Escherichia coli were the predominant gram‑positive and 
gram‑negative bacteria isolated, respectively. Levofloxacin 
and nitrofurantoin were the most effective antibiotics among 
the gram‑positive and gram‑negative bacterial isolates, 
respectively. The high rate of MRSA and extended‑spectrum 
β‑lactamase‑producing strains reiterates the need for the 
judicial use of antibiotics for the appropriate management 
of diabetic foot ulcers. However, further studies with a large 
patient population are required to validate the results.

Acknowledgements

Not applicable.

Funding

No funding was received.

Availability of data and materials

The datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable 
request.

Authors' contributions

MS was the project administrator and contributed to supervi‑
sion, conception, visualization, validation, interpretation of 
data, resources and the literature review of the present study. 
XQ contributed to conceptualization, resources, methodology, 
validation and the literature review of the present study. LT 
contributed to resources, investigation, methodology and 
the literature review of the present study. HZ contributed to 
resources, formal analysis, data curation and the literature 
review of the present study. AY contributed to resources, 
acquisition of data, analysis and interpretation of data, and 
the literature review of the present study, and was involved in 
drafting the manuscript, and revising it critically for important 
intellectual content. All authors agreed to be accountable for 
all aspects of work ensuring integrity and accuracy. MS and 
AY confirm the authenticity of all the raw data. All authors 
have read and approved the final manuscript.

Ethics approval and consent to participate

The present study was performed in line with the principles of 
the V2008, Declaration of Helsinki and the laws of China. The 
present study was approved under the ethical approval number 
PR‑2017‑21 by the Human Ethics Committee of the Huaihua 
Cancer Hospital. Informed consent was obtained from each 
patient or their legal guardian for the commencement of the 
present study.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

  1.	 Jiang Y, Ran X, Jia L, Yang C, Wang P, Ma J, Chen B, Yu Y, 
Feng B, Chen L, et al: Epidemiology of type 2 diabetic foot prob‑
lems and predictive factors for amputation in China. Int J Low 
Extrem Wounds 14: 19‑27, 2015.

  2.	IDF Diabetes Atlas Group: Update of mortality attributable to 
diabetes for the IDF diabetes atlas: Estimates for the year 2013. 
Diabetes Res Clin Pract 109: 461‑465, 2015.

  3.	Sánchez‑Sánchez M, Cruz‑Pulido WL, Bladinieres‑Cámara E, 
Alcalá‑Durán R, Rivera‑Sánchez G and Bocanegra‑García V: 
Bacterial prevalence and antibiotic resistance in clinical isolates 
of diabetic foot ulcers in the northeast of Tamaulipas, Mexico. Int 
J Low Extrem Wounds 16: 129‑134, 2017.

  4.	Noor S, Zubair M and Ahmad J: Diabetic foot ulcer‑A review on 
pathophysiology, classification and microbial etiology. Diabetes 
Metab Syndr 9: 192‑199, 2015.

  5.	Zhang P, Lu J, Jing Y, Tang S, Zhu D and Bi Y: Global epide‑
miology of diabetic foot ulceration: A systematic review and 
meta‑analysis. Ann Med 49: 106‑116, 2017.

  6.	Markakis K, Bowling FL and Boulton AJ: The diabetic foot 
in 2015: An overview. Diabetes Metab Res Rev 32 (Suppl 1): 
S169‑S178, 2016.

  7.	 van  Battum  P, Schaper  N, Prompers  L, Apelqvist  J, 
Jude  E, Piaggesi  A, Bakker  K, Edmonds  M, Holstein  P, 
Jirkovska A, et al: Differences in minor amputation rate in 
diabetic foot disease throughout Europe are in part explained 
by differences in disease severity at presentation. Diabet 
Med 28: 199‑205, 2011.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  25:  53,  2023 9

  8.	Xie X, Bao Y, Ni L, Liu D, Niu S, Lin H, Li H, Duan C, Yan L, 
Huang S and Luo Z: Bacterial profile and antibiotic resistance in 
patients with diabetic foot ulcer in Guangzhou, southern China: 
Focus on the differences among different Wagner's grades, 
IDSA/IWGDF grades, and ulcer types. Int J Endocrinol 2017: 
8694903, 2017.

  9.	 Akhi  MT, Ghotaslou  R, Asgharzadeh  M, Varshochi  M, 
Pirzadeh T, Memar MY, Zahedi Bialvaei A, Seifi Yarijan Sofla H 
and Alizadeh N: Bacterial etiology and antibiotic susceptibility 
pattern of diabetic foot infections in Tabriz, Iran. GMS Hyg 
Infect Control 10: Doc02, 2015.

10.	 Mendes JJ, Marques‑Costa A, Vilela C, Neves J, Candeias N, 
Cavaco‑Silva P and Melo‑Cristino J: Clinical and bacteriological 
survey of diabetic foot infections in Lisbon. Diabetes Res Clin 
Pract 95: 153‑161, 2012.

11.	 Al Wahbi A: Autoamputation of diabetic toe with dry gangrene: 
A myth or a fact? Diabetes Metab Syndr Obes 11: 255‑264, 2018.

12.	Ramakant  P, Verma  AK, Misra  R, Prasad  KN, Chand  G, 
Mishra A, Agarwal G, Agarwal A and Mishra SK: Changing 
microbiological profile of pathogenic bacteria in diabetic foot 
infections: Time for a rethink on which empirical therapy to 
choose? Diabetologia 54: 58‑64, 2011.

13.	 Clinical and Laboratory Standards Institute (CLSI). Performance 
Standards for Antimicrobial Susceptibility Testing. 32nd edition. 
CSLI Supplement M100, Wayne, PA, 2022.

14.	 Anvarinejad  M, Pouladfar  G, Japoni  A, Bolandparvaz  S, 
Satiary Z, Abbasi P and Mardaneh J: Isolation and antibiotic 
susceptibility of the microorganisms isolated from diabetic foot 
infections in Nemazee hospital, Southern Iran. J Pathog 2015: 
328796, 2015.

15.	 Mendes JJ and Neves J: Diabetic foot infections: Current diag‑
nosis and treatment. J Diab Foot Compl 4: 26‑45, 2012.

16.	 Gawey B and Czaja K: Broad‑spectrum antibiotic abuse and its 
connection to obesity. J Nutrition Health Food Sci 5: 1‑21, 2017.

17.	 Shah  P, Inturi  R, Anne  D, Jadhav  D, Viswambharan  V, 
Khadilkar R, Dnyanmote A and Shahi S: Wagner's classification 
as a tool for treating diabetic foot ulcers: Our observations at a 
suburban teaching hospital. Cureus 14: e21501, 2022.

18.	 Thanganadar Appapalam S, Muniyan A, Vasanthi Mohan K and 
Panchamoorthy R: A study on isolation, characterization, and 
exploration of multiantibiotic‑resistant bacteria in the wound 
site of diabetic foot ulcer patients. Int J Low Extrem Wounds 20: 
6‑14, 2021.

19.	 Deribe B, Woldemichael K and Nemera G: Prevalence and factors 
influencing diabetic foot ulcer among diabetic patients attending 
arbaminch hospital, south Ethiopia. J Diabetes Metab 5: 1‑7, 
2014.

20.	Zubair  M: Prevalence and interrelationships of foot ulcer, 
risk‑factors and antibiotic resistance in foot ulcers in diabetic 
populations: A systematic review and meta‑analysis. World 
J Diabetes 11: 78‑89, 2020.

21.	 Richard JL, Sotto A and Lavigne JP: New insights in diabetic 
foot infection. World J Diabetes 2: 24‑32, 2011.

22.	Sekhar  S, Vyas  N, Unnikrishnan  M, Rodrigues  G and 
Mukhopadhyay  C: Antimicrobial susceptibility pattern in 
diabetic foot ulcer: A pilot study. Ann Med Health Sci Res 4: 
742‑745, 2014.

23.	Pontes  DG, Silva  ITDCE, Fernandes  JJ, Monteiro  AFG, 
Gomes  PHDS, Ferreira  MGM, Lima  FG, Correia  JO, 
Santos NJND and Cavalcante LP: Microbiologic characteristics 
and antibiotic resistance rates of diabetic foot infections. Rev Col 
Bras Cir 47: e20202471, 2020 (In English, Portuguese).

24.	Chaudhry WN, Badar R, Jamal M, Jeong J, Zafar J and Andleeb S: 
Clinico‑microbiological study and antibiotic resistance profile of 
mecA and ESBL gene prevalence in patients with diabetic foot 
infections. Exp Ther Med 11: 1031‑1038, 2016.

25.	Agudelo Higuita NI and Huycke MM: Enterococcal Disease, 
Epidemiology, and Implications for Treatment. In: Enterococci: 
From Commensals to Leading Causes of Drug Resistant Infection 
[Internet]. Gilmore MS, Clewell DB, Ike Y and Shankar N (eds). 
Massachusetts Eye and Ear Infirmary, Boston, MA, 2014.

26.	Sugandhi P and Prasanth DA: Microbiological profile of bacterial 
pathogens from diabetic foot infections in tertiary care hospitals, 
Salem. Diabetes Metab Syndr 8: 129‑132, 2014.

27.	 Dwedar R, Ismail DK and Abdulbaky A: Diabetic foot infection: 
Microbiological causes with special reference to their antibiotic 
resistance pattern. Egypt J Med Microb 24: 95‑102, 2015.

28.	Amini M, Davati A and Piri M: Determination of the resistance 
pattern of prevalent aerobic bacterial infections of diabetic foot 
ulcer. Iran J Pathol 8: 21‑26, 2013.


