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Abstract: Diabetic foot infections (DFIs) are a significant health issue and a common complication
among patients with diabetes. To develop antibiotic therapy for these high-risk patients, the current
study evaluates the scope of DFIs and identifies the causing microbes. It also measures spectrum and
antibiotic susceptibility of the pathogens isolated from adults with DFIs in Saudi Arabia. To achieve
the study objectives, a cross-sectional study was implemented and the baseline characteristics for
44 patients with DFIs were defined. Optimal aerobic and anaerobic microbiological techniques were
utilized to culture specimens isolated from infected foot ulcers. The standard microbiological methods
were employed to identify the bacterial isolates and antibiotic susceptibility testing was conducted
following the procedures of the Clinical and Laboratory Standards Institute (CLSI). Results showed
that 12 microorganisms were isolated from the participants’ diabetic foot ulcers. Staphylococcus
Aureus was ranked first because it appeared in 29 (65.9%) cases. Streptococcus Agalactiae was ranked
second and multi-microbial infections were also found. Most of the organisms were susceptible to
Vancomycin, Ciprofloxacin, and Cefalexin, but they were resistant to Methicillin, Gentamicin, and
Ampicillin antibiotics. Staphylococcus Aureus was most sensitive to Ciprofloxacin, while it was
resistant to Methicillin. About 10% of the isolates were multidrug-resistant. The study concludes
that while Vancomycin should be used empirically for Gram-positive isolates, Ciprofloxacin can
be taken into consideration for most of the Gram-negatives aerobes. Based on including various
microorganisms and the advent of multidrug-resistant strains, proper culture and sensitivity testing
are necessary prior to the empirical therapy.
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1. Introduction
Diabetic complications are a serious health concern that affect patients’ quality of life
because they have to carry a great fiscal burden. Thus, interventions aimed at improving
the quality of healthcare or outcomes should be supported. This perquisite a frequent
observation of the examination of patients with foot ulcers and isolation of the causative
organisms. Further, culture and sensitivity play a role in the selection of the empirical
treatment and improvement of the outcome.
There is a high rate of diabetes prevalence in Saudi Arabia, as 13.4% (14.8% males and
11.7% females) of Saudi adults have diabetes, and it increases with aging by 7.8% among
adults aged 25–34 years, while it reaches 50.4% among 65+ years old Saudis [1].
According to the International Diabetes Federation, the number of diabetic patients
will increase from 240 million in 2007 to 380 million in 2025. About 15% of patients with
diabetes suffer from foot ulcers, and they are highly vulnerable to diabetic foot infections
(DFIs) [2].
In most cases, early intervention includes a first-hand antimicrobial treatment depending on the local epidemiological data of the antimicrobial susceptibility. Hence, identifying
the causative microbe of infection helps prescribe the adequate antibiotic therapy [3].

Microbiol. Res. 2021, 12, 16–20. https://doi.org/10.3390/microbiolres12010002

https://www.mdpi.com/journal/microbiolres

Microbiol. Res. 2021, 12

17

Patients with diabetes commonly suffer from foot ulcers that have a high rate of
cumulative life incidence up to 25%. It infects soft tissue and can cause lower-limb amputation. However, the provision of proper healthcare may prevent diabetic foot ulcer [4,5].
Therefore, early diagnosis of local diabetic foot ulcers and systemic treatment for diabetes
are vital [6].
Due to the increasing incidence of diabetes mellitus worldwide, more diabetic patients
suffer from its complications, i.e., 15% of them are prone to have foot ulcers with a 2–3%
incidence annually. Accordingly, it is important to identify the risk factors making diabetic
patients prone to foot ulcer infection in order to help them avoid amputation [7–10].
The infection management requires administering an antibiotic susceptibility test,
since it helps provide suitable therapeutic choices and thus improves the outcome. In addition, antibiotic susceptibility patterns illustrate diverse ethnic and geographical subsets of
the patients [11–13].
The present study aims to identify the microorganisms causing DFIs and their antibiotic sensitivity among Saudi patients with type 2 diabetes.
2. Materials and Methods
The study sample covered 44 Saudi patients with type 2 diabetes and DFIs admitted
at King Fahad Medical City in Saudi Arabia, Riyadh.
Following the standards of the WHO, diabetes mellitus was defined as “fasting plasma
glucose ≥7.0 mmol/L (126 mg/dL) or 2-h plasma glucose ≥11.1 mmol/L (200 mg/dL)” [14].
Before conducting the study, an ethical approval from the institutional review board
and a written consent from the participants were obtained after explaining the study
objectives for them. Accordingly, the participants’ demographic and clinical features,
including sex, age, height, weight BMI, type of diabetes, and wound size were taken in
addition to the history of other diabetic complications such as nephropathy retinopathy,
CVD, MI, stroke, hypertension, and dyslipidemia, HbA1C, lipid profile, and kidney profile
as well as the foot ulcer duration record.
2.1. Isolation, Culture, and Sensitivity of the Microorganisms
2.1.1. Bacterial Isolation
Two swabs per patient were taken for the culture of the causative organisms. Adopting
the deep swab technique, the wound was debrided, and deep swabs were obtained.
After transferring the swabs into sterile tubes, they were immediately transported to the
microbiology laboratory for further culture and sensitivity. The isolates were identified
according to the standard methods.
2.1.2. Antibiotic Sensitivity
Susceptibility of the microorganisms obtained from the isolates from diabetic patients
with foot ulcers was subjected to an extremely wide range of different antibiotics exposure
using disc diffusion methods according to the CLSI [15].
Antibiotics tested were Trimethoprim, Rifampicin, Mupirocin, Amikacin, Gentamicin,
Imipenem, Ceftriaxone, Ceftizoxime, Fusidic Acid, Nitrofurantoin, Fosfomycin, Tigecycline,
Tetracycline, Minocycline, Doxycycline, Vancomycin, Teicoplanin, Linezolid, Clindamycin,
Erythromycin, Roxithromycin, Clarithromycin, Azithromycin, Sparfloxacin, Pefloxacin,
Ofloxacin, Norfloxacin, Moxifloxacin, Levofloxcin, Ciprofloxacin, Tobramycin, Ceftazidime,
Cefotaxime, Cefoperazone, Cefixime, Cefdinir, Cefoxitin, Cefuroxime, Cefamandole, Cefradine, Cefalexin, Cefadroxil, Cefaclor, Oxacillin, Methicillin, Flucloxacillin,
Piperacillin/Tazobactam, Piperacillin, Ticarcillin/Clavulanic Acid, Amoxicillin/Clavulanic
Acid, mpicillin, Amoxicillin, Benzylpenicillin, and Flomoxef.
The author inoculated pus samples on blood agar, chocolate agar, Sabouraud Dextrose
agar, and Maconkey agar plates and incubated them at 37 ◦ C overnight [15]. The growth
was identified according to colony morphology, Gram stain, and appropriate biochemical

Microbiol. Res. 2021, 12

18

tests. Antibiotic susceptibility tests were implemented utilizing Kirby Bauer disk diffusion
method on Mueller Hinton agar plates [16].
2.2. Statistical Analysis
Utilizing SPSS version 17, data were analyzed and presented as mean ± SD for
continuous variables and frequency with percentages for categorical variables.
3. Results
Table 1 shows the participants’ demographic characteristics: age was 59.4 ± 7.6, and
there were 23 (52.2%) male and 21 (47.7%) females. The duration of the diabetes was
14.6 ± 3 years.
Table 1. Baseline characteristics of the study population.
Variables

Mean ± SD

Males
Females
Age (y)
HT (cm)
WT (kg)
BMI (kg/m2 )
BP_SY (mmHg)
BP_DIAS (mmHg)
Duration Of D.M
Hypertensive
Duration of foot infection
H/O Foot Ulcer in Past
Empirical therapy received
Family history of foot infection

23 (52.2%)
21 (47.7%)
59.4 ± 7.6
169.5 ± 9.3
85.7 ± 27
29.7 ± 7.7
143.5 ± 20.9
92.8 ± 23.9
14.6 ± 3 y
26 (59.1%)
33 ± 6 days
16 (40.9%)
12 (27.2%)
9 (20.4%)

According to Table 2, more than 75 % of patients (16 males and 18 females) were obese
(BMI ≥ 25 kg/m2 ). The co-morbidities were CVD 36 (81.8%), retinopathy 6 (13.6%), and
hypertension 26 (59.1%). Further, 10 patients (22.7%) had a foot ulcer history.
Table 2. Baseline comorbidities in the study population.
Comorbidities

No. %

HTN
Neuropathy
Retinopathy
Nephropathy
Dyslipidemia
CVD
MI
CVA
CRF

26 (59.2%)
23 (52.2%)
6 (13.6%)
12 (27.2%)
24 (54.5%)
36 (81.8%)
1 (2.27%)
1 (2.27%)
7 (15.9%)

The culture illustrated polymicrobial growth in six (13.6%) out of the 44 specimens of
the diabetic foot lesions. Moreover, the prevalence of Gram-negative organisms 28 (63.6%)
was higher than Gram-positive organisms 16(36.3%). Most of the organisms were susceptible to Vancomycin, Ciprofloxacin, and Cefalexin, but they were resistant to Methicillin,
Gentamicin, and Ampicillin antibiotics. Staphylococcus Aureus was most sensitive to
Ciprofloxacin, while it was resistant to Methicillin. About 10 % of the isolates were
multidrug-resistant. Staphylococcus aureus was the most frequent pathogen 29 (65.9%).
No bacterial growth was found in the specimens of six patients (13.6%).
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4. Discussion
Diabetic foot ulceration is a common complication that occurs due to uncontrolled
diabetes. Reports reveal that there is a high rate of diabetes prevalence in Saudi Arabia,
which increases with age, i.e., 50.4% in persons aged 65+ years [1].
The present study revealed that males are at a higher risk for infected foot ulcers. This
result matches the findings of other studies [3].
In the present study, polymicrobial infection was common, which is consistent with
other studies asserting that DFIs are mostly Polymicrobial [3,17].
The study found out that S. aureus was a common bacterial pathogen isolated from
29 foot ulcers of diabetic patient specimens. Other studies also reported a more frequent
infection by S. aureus [18].
Contrary to the present study, some studies found out that the most frequent pathogens isolated
from diabetic foot were E. coli and P. aeruginosa [19–21].
Globally, antimicrobial resistance has become an increasing setback while treating the
diabetic foot [22].
The results of culture and antimicrobial susceptibility can be utilized by providing an
adequate management of DFIs and thus decreasing the rates of morbidity and amputation
and improving the outcome [23].
The present study reveals the prevalence of Gram-positive isolates among Saudis with
DFIs. This result agrees with the findings of other studies [24].
Matching other studies, the present study showed that all Gram-positive isolates were
sensitive to Vancomycin [25,26].
Moreover, the study showed that S. aureus isolated was susceptible to Ciprofloxacin,
while it was resistant to Methicillin. These antibiotics are highly effective against Grampositive Cocci isolated in the current study, and they fit as an initial therapy for DFIs.
The findings showed that vancomycin is the gold standard for the majority of DFIs.
5. Conclusions
Diabetic complications and comorbidities are quite prevalent in the Saudi population.
The study’s findings illustrated that DFIs are most frequently affected by S. aureus. DFIs
are often polymicrobial in most cases associated with S. aureus, E. coli, and Enterococcus
spp. Microbial profile diversity and resistance to antibiotics highlight the need to have
culture specimens from infected ulcers to carry out microbial assessment and antibiotic
susceptibility testing.
To improve the outcome, strict glycemic control and frequent surveillance for early
detection of diabetic complications and infected feet ulcers are highly recommended.
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