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ABSTRACT

Objective: Diabetes-related foot infections are recognized as the leading cause of major amputa-
tions. Identifying the distribution of causative pathogens and administering appropriate antimicro-
bial therapy is critical for achieving successful treatment outcomes. This study aimed to determine
the distribution of causative pathogens in patients with diabetes-related foot infections treated at
a secondary care hospital.

Materials and Methods: This retrospective study included patients who presented to the outpatient
clinic or were hospitalized with a diagnosis of diabetes-related foot infection between May 1, 2025,
and February 1, 2026. The diagnosis was established according to the criteria defined in the Inter-
national Working Group on the Diabetic Foot (IWGDF) guidelines. Microbiological analyses were
performed using aseptically obtained tissue or aspiration samples from the wound site, and the
causative pathogens were identified.

Results: A total of 208 specimens were collected from 197 patients, yielding 230 infectious agents.
The most frequently isolated pathogen was Staphylococcus aureus (n = 63, 27.4%). Methicillin-
resistant S. aureus (MRSA) was detected in 23 (10%) isolates. The second and third most common
pathogens were Klebsiella spp. (n = 32, 13.9%) and Escherichia coli (n = 30, 13%), respectively.

Conclusion: Staphylococcus aureus was the most frequently isolated pathogen in diabetes-related
foot infections, with a notable prevalence of MRSA. In contrast to previous studies conducted in
Turkiye that reported a high prevalence of Pseudomonas aeruginosa, this pathogen was not among
the most frequently identified agents in our cohort. Our findings highlight the importance of local
microbiological surveillance in guiding empirical antimicrobial therapy.
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INTRODUCTION

Diabetes mellitus is a major global health concern whose
prevalence continues to increase steadily. One of its most
serious complications is the development of foot ulcers,
which represent a substantial cause of morbidity among
affected individuals. Worldwide, a diabetes-related foot ul-
cer develops every 1-2 seconds, and a major amputation
attributable to these wounds occurs approximately every 20
seconds (1). Among diabetes-related complications requir-
ing hospitalization, diabetes-related foot infections remain
the most common and continue to be the leading cause of
lower-extremity amputation (2). Follow-up data from pa-
tients with diabetes-related foot infections indicate that, af-
ter 1 year, only 46% of ulcers have healed (with 10% of these
subsequently recurring). In contrast, 15% of patients have
died, and 17% have required lower-extremity amputation (3).
These outcomes underscore that timely and appropriate in-
fection management remains one of the most critical chal-
lenges in this patient population.

The spectrum of microorganisms responsible for diabetes-re-
lated foot infections can often be anticipated based on specif-
ic clinical factors. Superficial and mild infections are predom-
inantly caused by Gram-positive bacteria, whereas advanced
infections are more frequently associated with Gram-negative
organisms; in cases accompanied by gangrene, anaerobic
pathogens must also be considered (2,4). Particularly in ad-
vanced infections, Gram-positive, Gram-negative, and anaer-
obic organisms may coexist in a polymicrobial pattern (4).
Moreover, interactions among these pathogens are clinically
important, as they are associated with biofilm formation and
the development of antimicrobial resistance (5).

In the absence of a life-threatening infection, the preferred
approach is not to initiate empirical antibiotic therapy im-
mediately, but rather to obtain appropriate tissue specimens
and await microbiological results before selecting targeted
antimicrobial treatment. Conversely, when a life-threatening
infection is present, prompt empirical therapy should be initi-
ated based on the most likely pathogens (6). When selecting
empirical antibiotics, several factors must be carefully consid-
ered, including the availability of previous culture and suscep-
tibility results from the same wound, the clinical severity of
the infection, potential adverse effects of the selected agent,
the need for dose adjustment according to renal and hepatic
function, possible drug-drug interactions (particularly relevant
given the high burden of comorbidities and concomitant med-
ications in patients with diabetes), and overall treatment cost
(7). In addition, knowledge of the regional distribution of caus-
ative pathogens, derived from prior studies, can substantially
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increase the likelihood of successful empirical therapy. For
this reason, studies reporting the local microbiological profile
of diabetes-related foot infections are of considerable impor-
tance, as they provide clinicians with essential data to guide
treatment decisions.

The present study aimed to determine the distribution of caus-
ative pathogens among patients with diabetes-related foot
infections treated as outpatients or inpatients at a secondary
care hospital.

MATERIALS AND METHODS

Study Design and Patient Selection

This retrospective study included patients who presented to
the outpatient clinic or were hospitalized with a diagnosis of
diabetes-related foot infection between May 1, 2025, and Feb-
ruary 1, 2026.

Patients were eligible for inclusion if they met all of the follow-
ing criteria:

® Age =18 years.

® Presentation to our hospital with a diagnosis of diabe-
tes-related foot infection between May 1, 2025, and Feb-
ruary 1, 2026.

® A diagnosis of infection was established according to the
criteria defined by the International Working Group on the
Diabetic Foot (IWGDF), including local signs of infection
(swelling, erythema, increased local temperature, pain, pu-
rulent discharge) or systemic findings.

® Availability of tissue or aspiration samples obtained from
the wound and sent to the microbiology laboratory for
analysis.

® Availability of complete clinical and laboratory data in the
electronic medical records.

Patients were excluded if they met any of the following criteria:

® Age<T18years.

® Absence of tissue or aspiration sampling from the wound
site.

® [ncomplete or erroneous clinical or laboratory data.

® Presence of infections or foot lesions other than diabe-
tes-related foot infections.

The study was approved by the Non-Interventional Clinical
Research Ethics Committee of Aydin Adnan Menderes Univer-
sity Faculty of Medicine on March 26, 2026, with decision no.
2026/117.
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Definition of Diabetes-related Foot Infection

The diagnosis of diabetes-related foot infection was estab-
lished according to the criteria defined in the IWGDF guide-
lines (4). According to these criteria, infection was diagnosed
in the presence of local signs of inflammation—such as swell-
ing, erythema, increased local temperature, and pain—or sys-
temic findings including fever, leukocytosis, and elevated C-re-
active protein levels. The presence of purulent discharge from
the wound and the clinician's judgment that the lesion was
infected were also considered diagnostic criteria.

Surgical Sampling Procedure

Under sterile conditions, any necrotic tissue present in the
wound area was debrided using appropriate surgical tech-
niques. Following adequate debridement, an adequate tissue
specimen was obtained from the infected area and transport-
ed to the microbiology laboratory under sterile conditions for
further analysis.

Microbiological Analyses

From the prepared fluid suspension of the specimen, 0.05 mL
was inoculated onto 5% sheep blood agar and MacConkey
agar plates using a sterile loop under aseptic conditions. The
inoculated plates were incubated aerobically at 35°C and ex-
amined for microbial growth after 24 hours. If no growth was
observed, the plates were re-incubated and reassessed at 48
hours post-inoculation.

Bacterial identification was performed using conventional
biochemical methods. Upon detection of microbial growth,
isolates were initially evaluated by Gram staining. Gram-neg-
ative organisms were identified based on standard biochem-
ical characteristics, including glucose, sucrose, and lactose
fermentation; citrate utilization; motility; urease and indole
production; ornithine decarboxylase activity; and oxidase re-
action. Gram-positive organisms were identified according to
catalase activity, hemolytic patterns, coagulase production,
susceptibility to optochin, bacitracin, and trimethoprim-sulfa-
methoxazole, as well as growth on bile esculin agar and in
media containing 6.5% sodium chloride.

Antimicrobial susceptibility testing was performed and inter-
preted according to the European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) guidelines. Identification
of methicillin-resistant Staphylococcus aureus (MRSA) was
performed using the cefoxitin disk diffusion method in accor-
dance with EUCAST criteria. Each infection episode was ana-
lyzed as an independent event.
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RESULTS

A total of 197 patients were included in the study. Of these,
137 (69.5%) were male, and 60 (30.5%) were female. During
the study period, 11 patients experienced a second infection
episode. Overall, 208 wound specimens were obtained. No
microbial growth was detected in 12 samples. Among the
culture-positive specimens, 38 (18.3%) yielded two distinct
infectious agents, indicating polymicrobial infection. In total,
196 culture-positive samples yielded 230 microbial isolates.
Of these, 109 (47.4%) were Gram-positive organisms, and 119
(51.7%) were Gram-negative organisms (Table 1).

Table 1. Distribution of infectious microorganisms.

Infectious isolates n (%)
Gram-positive organisms 109 (47.4)
Staphylococcus aureus 63
MSSA (methicillin-susceptible) 40
MRSA (methicillin-resistant) 23
Coagulase-negative staphylococcus 12

MS CoNS (methicillin-susceptible) 2

MR CoNS (methicillin-resistant) 10
Enterococcus spp. 21
Streptococcus spp. 13
Gram-negative organisms 119 (51.7)
Escherichia coli 30
Klebsiella spp. 32
Klebsiella pneumoniae 22
Klebsiella oxytoca 10
Pseudomonas aeruginosa 14
Proteus spp. 17
Proteus mirabilis 13
Proteus vulgaris 4
Acinetobacter spp. 10
Enterobacter spp. 7
Citrobacter spp.

Serratia marcescens 3
Morganella morganii 3
Stenotrophomonas maltophilia 1
Candida spp. 2(0.9)
Total 230 (100)
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The most frequently isolated pathogen was S. aureus (n = 63,
27.4%), including 23 (10%) MRSA isolates. The second and
third most common pathogens were Klebsiella spp. (n = 32,
13.9%) and Escherichia coli (n = 30, 13%), respectively.

DISCUSSION

Studies conducted over the past several decades have
demonstrated that the distribution of pathogens in patients
with diabetes-related foot infections varies not only by re-
gion but also by country. When these studies are examined
collectively, the world can be broadly categorized into two
epidemiological regions. The first includes Europe and North
America, where Gram-positive organisms predominate. The
second comprises temperate regions encompassing Africa
and Asia, where Gram-negative organisms are more preva-
lent, and the proportion of Pseudomonas aeruginosa is nota-
bly high (8). Studies conducted in Turkiye have generally in-
dicated that the country aligns more closely with the second
epidemiological pattern. For example, in a study covering a
15-year period, Gram-positive organisms accounted for 45.8%
of isolates, whereas Gram-negative organisms accounted for
53.7% (9). In the same study, a statistically significant trend
was observed over time, with Gram-positive pathogens in-
creasing and Gram-negative pathogens decreasing. The dis-
tribution observed in our study was similar to these previously
reported findings. Regarding specific pathogens, S. aureus,
P aeruginosa, and E. coli were consistently among the most
frequently encountered organisms over the 15-year period, al-
though their relative ranking varied by year (9). In a multicenter
study by Acar et al. (10), which compared the pre-COVID-19
period with the pandemic period, a significant reduction in the
number of specimens obtained for microbiological analysis
during the pandemic was observed; however, no substantial
change in pathogen distribution was identified. In that study,
the most frequently isolated organisms were Pseudomonas
spp. (16.4%) and S. aureus (15%) (10).

The findings of our study warrant particular discussion re-
garding P aeruginosa. In the majority of studies conducted
in Turkiye on diabetes-related foot infections, this pathogen
has ranked either first or second among the most frequently
isolated organisms (11-14). In contrast, in our study, P aeru-
ginosa ranked fifth. One important limitation of the existing
literature in this field is that most studies have been conduct-
ed in tertiary-care hospitals, which may substantially influence
pathogen distribution. Because our study was performed in
a secondary-care state hospital, other Gram-negative organ-
isms such as Klebsiella spp. (13.9%), E. coli (13%), and Proteus
spp. (7.4%) may have become more prominent. Furthermore,
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Enterococcus spp. (9.1%), which has not been reported as a
leading pathogen in several previous studies, was among the
most frequently isolated organisms in our cohort.

Although an overall increase in Gram-positive pathogens has
been observed in recent years in Tirkiye, the proportion of
S. aureus and, consequently, MRSA has reportedly declined.
In a meta-analysis of studies conducted in Tirkiye over the
past two decades, the prevalence of S. aureus decreased
from 29.4% to 18.1%, while the prevalence of MRSA declined
from 12.5% to 5.5% (9). In that meta-analysis, the observed in-
crease in Gram-positive organisms was primarily attributed to
rising rates of Enterococcus spp. and Streptococcus spp. (9).
In another recently published study presenting one-year data
from five centers, the proportion of S. aureus was 14.6%, and
the overall MRSA rate among all isolates was approximately
3% (15). In contrast to these reports, the proportion of S. au-
reus in our study was 27.4%, and the MRSA rate was 10%, both
of which are considerably high. The elevated rates of S. aureus
and MRSA observed in our cohort may indicate that pathogen
distribution patterns in Tlrkiye are continuing to evolve. Nev-
ertheless, our findings require confirmation through additional
large-scale and multicenter studies.

Although relatively uncommon, fungal pathogens may also
be implicated in diabetes-related foot infections, and pre-ex-
isting fungal infection of the foot or nails has been identified
as a significant risk factor (16). In our study, Candida spp.
was isolated from only two specimens, resulting in a very low
prevalence.

The most important limitation of our study is the inability to
evaluate anaerobic bacteria. Due to inadequate laboratory infra-
structure, we were unable to assess the presence and distribu-
tion of anaerobic pathogens, which may represent a significant
component of polymicrobial diabetes-related foot infections.

CONCLUSION

Our study revealed two key observations. First, the proportion
of S. aureus and MRSA among patients presenting to our hos-
pital with diabetes-related foot infections was relatively high.
Second, although many studies conducted in Turkiye have re-
ported a high prevalence of P aeruginosa, this pathogen was
not among the most frequently isolated organisms in our co-
hort. These results underscore the importance of local micro-
biological surveillance in guiding empirical antimicrobial ther-
apy for diabetes-related foot infections. Further multicenter
studies conducted in different regions are needed to confirm
and expand upon these findings.
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