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Backgrounds: A common problem among diabetic patients is foot ulcers and infections, 
impacting up to 15% of diabetic patients over their lifetime. The aim of this study was to 
investigate the frequency of bacterial agents and their antimicrobial resistance pattern in 
patients with diabetic foot infection in Namazi and Shahid Faghihi hospitals in Shiraz.
Materials & Methods: This cross-sectional study was conducted in Namazi and Shahid 
Faghihi hospitals in Shiraz. The collected samples were transferred to the laboratory for 
culture and biochemical tests. After accurate identification of bacterial agents, antibiotic 
susceptibility of all isolated bacteria was evaluated by disk diffusion method based on CLSI 
guidelines. Data were analyzed using SPSS software (Version 19).
Findings: In this study, 166 patients with diabetic foot ulcers were evaluated. The mean 
age of patients was 55.8± 13.2 years, and 109 (66.4%) cases were male. Also, 62% of 
patients had an underlying disease, while most of them had hypertension (27%). The most 
prevalent isolated bacterium was Staphylococcus epidermidis. The most effective antibiotics 
against isolated Gram-positive and Gram-negative bacteria were vancomycin and amikacin, 
respectively. 
Conclusion: In this study, it was concluded that the frequency of Gram-negative bacteria in 
diabetic foot ulcer infections was higher than that of Gram-positive bacteria.

Copyright@ 2022, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build 
upon the material) under the Attribution-NonCommercial terms.

10.52547/iem.8.1.1

Keywords: Diabetic foot infection, Bacterial etiology, Antibiotic resistance pattern, Iran.

[1] John W. Use of HbA1c in the diagnosis of diabetes mellitus in the UK. The implementation 
of World Health Organization guidance... [2] Ogbera A, Fasanmade O, Ohwovoriole A, Adediran 
O. An assessment of the disease burden of foot ulcers in patients with diabetes mellitus 
attending a teaching hospital in Lagos, Nigeria. Int... [3] Armstrong DG, Boulton AJ, Bus SA. 
Diabetic foot ulcers and their recurrence. N Engl J Med. 2017;376(24):2367-75. [4] Armstrong 
DG, Swerdlow MA, Armstrong AA, Conte MS, Padula WV, Bus SA. Five year mortality and direct 
costs of care for people with diabetic foot... [5] Akhi MT, Ghotaslou R, Asgharzadeh M, Varshochi 
M, Pirzadeh T, Memar MY, et al. Bacterial...  [6] Gardner SE, Frantz RA. Wound bioburden and 
infection-related complications in diabetic foot...  [7] Lavigne J-P, Sotto A, Dunyach-Remy C, 
Lipsky BA. New molecular techniques to study the skin microbiota of diabetic foot ulcers. 
Adv Wound...  [8] Perim MC, Borges JdC, Celeste SRC, Orsolin EdF, Mendes RR, Mendes GO, et 
al. Aerobic bacterial profile and antibiotic resistance in patients with diabetic foot infections. 
Rev Soc...  [9] Mendes J, Neves J. Diabetic foot infections: Current diagnosis and treatment. J 
Diabet... [10] Gupta Y, Singla R, Karla S, Tandon N, American Diabetes Association. Standards 
of medical care in... [11] Anvarinejad M, Pouladfar G, Japoni A, Bolandparvaz S, Satiary Z, 
Abbasi P, et al. Isolation and antibiotic susceptibility of the microorganisms isolated from 
diabetic foot infections in...  [12] Sundresh N, Narendran S, Ramesh R, Kesavjagadeesan NN. 
Clinical and microbiological study of diabetic foot in...  [13] Shareef J, Sunny S, Bhagavan K. 
Study on bacteriological profile and antibiotic susceptibility pattern in patients with diabetic 
foot ulcers in a tertiary care... [14] Mehta VJ, Kikani KM, Mehta SJ. Microbiological profile of 
diabetic foot ulcers and its antibiotic... [15] Esteghamati A, Larijani B, Aghajani MH, Ghaemi 
F, Kermanchi J, Shahrami A, et al. Diabetes in...  [16] Reghu R, Padma UD, Sasankan V, Puthur 
S, Jose J. A microbiological study of diabetic foot ulcer in a south Indian tertiary care hospital. 
Int J Pharm... [17] Gadepalli R, Dhawan B, Sreenivas V, Kapil A, Ammini A, Chaudhry R. A 
clinico-microbiological study...  [18] Hadadi A, Ghiasi HO, Hajiabdolbaghi M, Zandekarimi 
M, Hamidian R. Diabetic foot: Infections and...  [19] Abdulrazak A, Bitar ZI, Al-Shamali AA, 
Mobasher LA. Bacteriological study of diabetic foot... [20] El-Tahawy AT. Bacteriology of 
diabetic foot. Saudi... [21] Piri M, Amini M, Davati A. Determination of the resistance pattern 
of prevalent aerobic... [22] Talebi Taher M, Abasi M, Barati M. The study of diabetic foot 
infection: Bacteriology, antimicrobial resistance... [23] Ahmadishooli A, Davoodian P, Shoja S, 
Ahmadishooli B, Dadvand H, Hamadiyan H, et al. Frequency and antimicrobial susceptibility 
patterns of diabetic foot infection of patients from... [24] Dwedar RA, Ismail DK, Abdulbaky A. 
Diabetic foot infection: Microbiological causes... 

CITATION LINKS

http://www.modares.ac.ir
https://europepmc.org/article/med/22957983
https://pubmed.ncbi.nlm.nih.gov/17088600/
https://www.nejm.org/doi/full/10.1056/NEJMra1615439
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-020-00383-2
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4332275/
https://journals.sagepub.com/doi/abs/10.1177/1099800408319056
https://www.liebertpub.com/doi/abs/10.1089/wound.2014.0532
https://www.scielo.br/j/rsbmt/a/tyCcJZBMYRT8vLfTJvnZ5HK/abstract/?lang=en
https://www.researchgate.net/profile/Entedhar-Sarhat/post/is_it_necrotizing_fasciitis_complex_diabetic_foot_infection_how_to_reach_early_diagnosis/attachment/5b64f3c74cde265cb653cc44/AS%3A655700808196098%401533342663657/download/v4-i2-a1.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3006050/
https://www.hindawi.com/journals/jpath/2015/328796/
https://www.cabdirect.org/globalhealth/abstract/20143265621
https://www.researchgate.net/publication/329120447_Study_on_bacteriological_profile_and_antibiotic_susceptibility_pattern_in_patients_with_diabetic_foot_ulcers_in_a_tertiary_care_teaching_hospital
https://pesquisa.bvsalud.org/portal/resource/pt/sea-154003
https://www.nature.com/articles/s41598-017-13379-z/briefing/signup/
https://www.researchgate.net/publication/306140715_A_microbiological_study_of_diabetic_foot_ulcer_in_a_south_Indian_tertiary_care_hospital
https://diabetesjournals.org/care/article-abstract/29/8/1727/28655
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4216583/
https://www.sciencedirect.com/science/article/pii/S105687270400073X
https://europepmc.org/article/med/11533815
http://research.shahed.ac.ir/WSR/SiteData/PaperFiles/6846_760631676.pdf
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=259749
https://www.hindawi.com/journals/jpath/2020/1057167/
https://platform.almanhal.com/Files/Articles/84899


Bacterial Etiology and Antibiotic Resistance Pattern of ...

Infection Epidemiology and Microbiology  Winter 2022, Volume 8, Issue 1

2

Introduction
According to the World Health Organization, 
diabetes affects 150 million people 
worldwide each year and continues to 
spread. It is estimated that the incidence of 
this disease will double by 2025 [1]. Problems 
associated with the quantity and quality 
of life constitute an important part of the 
problems of diabetics. These problems are 
caused by acute and chronic complications 
of diabetes, one of the most harmful of 
which is diabetic foot infection [2]. The most 
common and costly late complication of 
diabetes is diabetic foot ulcer, which has 
worse complications and mortality than 
many cancers. Research has shown that one 
in three diabetic people develops a diabetic 
foot ulcer during their lifetime. Incurable 
diabetic foot ulcers are the leading cause 
of hospitalization, amputation, and death 
in diabetic patients [3, 4]. About 40 to 80% 
of diabetic foot ulcers become infected. 
In fact, due to their high susceptibility to 
infection, these injuries rapidly become 
infected and spread to adjacent tissues, 
leading to extensive tissue damage and 
eventually amputation [5]. Previous studies 
have shown that Gram-positive cocci, 
mostly Staphylococcus aureus, are the 
most common cause of diabetic foot ulcer 
infection. Infections in chronic wounds 
treated with antibiotics are generally 
polymicrobial [6]. In these infections, 
organisms have distinct characteristics 
compared to situations where Gram-
negative pathogens or anaerobes alone 
cause infection. Polymicrobial infection 
causes the interaction between bacteria 
and the generation of different virulence 
factors. These factors that cause injury 
and delay treatment include hemolysis, 
proteases, collagenase, and short-chain 
fatty acids [7]. Most diabetic infections 
are extremely urgent; thus, antibiotic 
therapy should be initiated immediately to 

accelerate recovery and prevent organ loss. 
The initiation of experimental treatment 
should be based on clinical signs, results of 
Gram staining, and knowledge of the most 
common organisms in wound infections in 
this region. One of the most important tasks 
in the proper management of a wound 
infection is to perform susceptibility testing 
for organisms isolated from the diabetic 
wound and to choose proper antibiotics [8]. 
Objectives: The objective of this study 
was to study the bacteriology of diabetic 
wound infections in patients admitted to 
Namazi and Shahid Faghihi hospitals in 
Shiraz in order to determine the prevalence 
of bacterial agents isolated from diabetic 
foot infections and to assess their antibiotic 
resistance pattern.

Materials and Methods
This cross-sectional study was conducted 
in Namazi and Shahid Faghihi hospitals 
affiliated to Shiraz University of Medical 
Sciences in 2019 and 2020. This study 
was reviewed by the Ethics Committee of 
Shiraz University of Medical Sciences and 
approved by the Code Number 789901. 
Inclusion criteria included type 1 and type 
2 diabetic patients over 18 years of age, who 
were hospitalized due to diabetic foot ulcers 
and required antibiotic treatment. Patients 
who were unable to answer the questions 
and also had non-diabetic neuropathies 
were excluded from the study. Wound 
samples were collected from patients. After 
washing with saline, wound samples were 
collected from the base and deep part of 
the wound or by needle aspiration from the 
abscess before antibiotic treatment.  The 
collected samples were submitted to the 
microbiology laboratory in thioglycollate 
tubes and incubated at 37 °C for 24 hours. 
Following Gram staining, both blood agar 
and MacConkey agar culture media were 
incubated under aerobic and anaerobic 
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conditions at 37 °C for 48 hours. For Gram-
negative bacteria, IMViC tests were used to 
accurately identify the isolates. For Gram-
positive bacteria, confirmatory tests were 
performed for accurate diagnosis. Antibiotic 
sensitivity testing was performed for the 
isolates using disc diffusion method on 
Mueller-Hinton agar plates (transferred 
from a broth with a visual turbidity of 
0.5 McFarland). The following antibiotic 
disks were used to evaluate the antibiotic 
susceptibility of the isolates: ciprofloxacin 
(5 mcg/disk), ceftriaxone (30 mcg/disk), 
imipenem (10 mcg/disk), chloramphenicol 
(10 mcg/disk), meropenem (10 mcg/
disk), gentamicin (10 mcg/disk), amikacin 
(30 mcg/disk), clindamycin (2 mcg/disk), 
ampicillin (10 mcg/disk), vancomycin (30 
mcg/disk), and cefepime (30 mcg/disk). 
Patients’ demographic information, including 
age, sex, duration of illness, and underlying 
diseases, was collected by a questionnaire. 
Descriptive statistics were represented as 
mean and percentage, and Chi-square test 
was used for analysis. Data were analyzed 
using SPSS software (Version 19).

Findings
In this study, 166 patients with diabetic 
foot ulcers were evaluated to determine 
the patterns of bacterial infection and 
antibiotic susceptibility. The mean age of 
patients admitted to these hospitals was 
55.813.2± years. Of 166 patients evaluated, 
109 (66.4%) were male, and 57 (33.6%) 
were female. Also, 63 (38%) patients did not 
have underlying conditions, 45 (27%) had 
hypertension, 35 (21.1%) had cardiovascular 
disease, and 23 (13.9%) had kidney disease. 
Also 122 patients (73.4%) were diagnosed 
with infections caused by one type of 
microorganism, while the other 44 patients 
(26.6%) were diagnosed with polymicrobial 
infections. Out of 166 bacteria isolated, 81 
(49%) isolates were Gram-positive, and 85 
(51%) isolates were Gram-negative. In the 
current study, the highest frequency among 
Gram-positive bacteria was associated 
with S. epidermidis (20.4%), followed by S. 
aureus (14.4%) and Enterococci (13.8%), 
respectively. The most prevalent Gram-
negative bacteria were Escherichia coli 
(16.9%), Pseudomonas aeruginosa (9.6%), 

Table 1) Frequency and antimicrobial susceptibility pattern of Gram-positive bacteria isolated in this study

Antibiotics

MSSA
N=12

MRSA
N=12

Staphylococcus epidermidis 
N=34

Enterococcus
N=23

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Vancomycin 100 0 100 0 100 0 33.3 66.7

Gentamycin 100 0 100 0 57.7 43.3 23.8 76.2

Ciprofloxacin 25 75 25 75 30.3 69.7 4.3 95.7

Clindamycin 25 75 25 75 11.8 88.2 0 100

Ampicillin - - 0 100 20 80 40 60

Amoxicillin 0 100 0 100 0 100 0 100

Chloramphenicol 54.5 45.5 100 0 89.7 10.3 45.5 54.5
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Acinetobacter baumannii (9.6%), Klebsiella 
pneumoniae (8.3%), and Proteus (7.1%), 
respectively. Vancomycin was the most 
effective antibiotic against Gram-positive 
organisms, while they showed the highest 
resistance to amoxicillin. Other effective 
antibiotics against Gram-positive organisms 
are presented in Table 1. The most efficient 
antibiotic against Gram-negative organisms 
was amikacin, and the greatest resistance 
was observed to ceftriaxone. Table 2 lists 
other effective antibiotics against Gram-
negative organisms.

Discussion
One of the most significant complications 
for people with diabetes is foot ulcers. 
These injuries are not restricted to specific 
subcutaneous tissues and are the result of 
uncontrolled diabetes and poor health care 
[9, 10]. In this study, the mean age of patients 
was 55.8± 13.2 years, which is similar to 
the results reported in other studies by 
Anvarnejad et al. (2015) [11] and Akhi et 

al. (2015) [5] in Iran as well as Sundresh 
et al. (2014) [12] and Shareef et al. (2018) 
[13]   in India. In this study, the prevalence 
of infection was higher among males than 
females, which is consistent with other 
studies in this field [5, 11, 13, 14]. This could be 
due to the fact that men are more active 
outdoors than women and are more likely 
to engage in physical activity, increasing the 
risk of injury for men. Of all patients with 
diabetic foot ulcers, 62% had an underlying 
illness. The highest frequency was associated 
with hypertension (27%), followed by heart 
disease (21.1%) and kidney disease (13.9%), 
respectively. Other studies have also found 
that hypertension is the most important 
comorbidity in these patients [13, 15, 16]. In the 
current study, 52% of the isolated organisms 
were Gram-negative, and 48% were Gram-
positive, which is similar to previous studies 
results [17, 18]. Contrary to this study results, 
Anvarnejad et al. (2015) in Shiraz reported 
a higher prevalence rate for Gram-positive 
bacteria [11]. Unlike most previous studies, 

Table 2) Frequency and antimicrobial susceptibility pattern of Gram-negative bacteria isolated in this study

Antibiotics

Escherichia coli
N=28

Klesbsiella pneumoniae
N=14

Acinetobacter baumannii
N=16

Pseudomonas aeroginosa
N=16

Proteus memorabilia
N=12

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Susceptible    Resistant
(%)

Imipenem 88 12 42.9 57.1 0 100 31.3 68.7 83.3 16.7

Gentamycin 79.2 20.8 50 50 13.3 86.7 26.7 73.3 60 40

Ciprofloxacin 14.8 85.2 23.1 76.9 12.5 87.5 23.3 67.7 58.3 41.7

Amikacin 88 12 71.4 28.6 6.7 93.3 43.8 56.2 100 0

Cefepim 0 100 33.3 66.7 0 100 50 50 100 0

Cefteriaxon 0 100 50 50 0 100 0 100 100 0

Meropenem 82.6 17.4 60 40 7.7 92.3 41.7 58.3 72.7 27.3

Chloramphenicol 44 56 45.5 54.5 7.1 92.9 7.1 92.9 45.5 54.5
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the most prevalent bacterium isolated in the 
present study was S. epidermidis [5, 11, 13, 19, 20]. 
In line with other studies in Iran, the most 
commonly isolated Gram-negative organism 
in this study was E. coli [5, 11, 18, 21]. All isolates 
were assayed for susceptibility to different 
antibiotics. This research showed that Gram-
positive and Gram-negative bacteria were 
most susceptible to vancomycin as well as 
amikacin and imipenem, respectively. In a 
study by Talebi et al. (2010), all S. aureus 
isolates were susceptible to vancomycin, but 
resistance of E. coli isolates to ceftriaxone 
was 88%, compared to 100% resistance 
observed in this study [22]. In a study by 
Ahmadishooli et al. (2020) [23], E. coli isolates 
were most sensitive to meropenem and 
least sensitive to ciprofloxacin, while in the 
present study, E. coli isolates showed the 
highest sensitivity to amikacin and imipenem 
and the lowest sensitivity to ceftriaxone. In a 
study by Dwedar et al. (2015) in Egypt, the 
antibiotic susceptibility pattern was similar 
to that obtained in the present study, and 
the highest susceptibility of Gram-positive 
and Gram-negative bacteria was reported 
to vancomycin as well as imipenem and 
amikacin, respectively [24]. Contrary to the 
present study findings, Perim et al. (2015) 
in Brazil showed that the most effective 
antibiotic against both Gram-positive and 
Gram-negative bacteria was imipenem [8].

Conclusion
The most common bacterial infection in 
diabetic foot ulcers in patients admitted to 
Namazi and Shahid Faghihi hospitals was 
associated with S, epidermis, followed by 
E. coli. Moreover, half of S. aureus isolates 
were MRSA. Gram-positive bacteria were 
most susceptible to vancomycin, and Gram-
negative bacteria were most susceptible to 
amikacin, followed by imipenem.
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