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Abstract

Background: The aim of the present study was to evaluate microor-
ganisms isolated from foot ulcers of patients with diabetes, resistance 
profile and establish their relationship with amputation.

Methods: The study included 51 patients with diabetes who were 
admitted due to foot ulcer. The ulcers were evaluated according to 
the Wagner-Meggitt classification system. The specimens obtained 
by deep-tissue biopsy, aspiration biopsy and/or samples of pus from 
purulent lesions were sent for culture. Empiric antibiotic was started 
after collection of samples for culture. Antibiotic therapy was modi-
fied according to antibiotic susceptibility test results. The data were 
analyzed using the SPSS 20 software.

Results: Twelve females and 39 males were included in the study. 
The mean age of the patients was 63.1 ± 10.9 years, and duration of 
diabetes was 16.9 ± 6.9 years. Forty-six patients underwent amputa-
tion. The rate of amputation increased with the increasing Wagner 
grade (P = 0.002). Neuropathy was found in 98% of the patients and 
in all patients that underwent amputation. About 97% of patients with 
osteomyelitis had undergone amputation, and these relationships were 
significant statistically (P = 0.022). The most commonly isolated bac-
teria were as follows in order of frequency: E. faecalis 28 (13.5%); 
S. aureus 23 (11%); S. epidermidis 18 (8.6%). Poly microbial infec-
tion was detected in 54 of a total of 138 episodes of our patients. The 
rate of ciprofloxacin resistance was 35% in S. aureus and 40-74% in 
Gram-negative bacteria. The rate of clindamycin resistance was 47% 
in S. aureus.

Conclusions: In our study, the most commonly isolated microorgan-
isms exhibited a high rate of antibiotic resistance.

Keywords: Diabetes mellitus; Foot ulcer; Infection; Bacteria; Antibi-
otic susceptibility; Amputation

Introduction

Chronic hyperglycemia in patients with diabetes impairs cellu-
lar immunity and neutrophil functions, leading to insufficient 
chemotaxis and phagocytosis, and thus it paves the way for the 
development of fungal and bacterial infections [1, 2]. Foot ul-
cers of patients with diabetes developing as a result of neurop-
athy also facilitate the entry of microorganisms into the body 
and their proliferation [3]. However, a poly microbial growth 
pattern involving Gram-positive and Gram-negative aerobic 
and anaerobic microorganisms occurs in severe foot infections 
of patients with diabetes [4, 5]. These infections lead to the 
development of osteomyelitis and limb loss if the infection is 
not treated properly [6]. For this reason, causative microorgan-
isms associated with foot infections of patients with diabetes 
must be recognized early, and appropriate therapy must be ini-
tiated immediately. The aim of the present study is to provide 
patients with proper antimicrobials considering antibiotic sus-
ceptibility profile of the identified microorganisms.

Patients and Methods

Selection of the patients

The study included 55 patients, who were admitted to our clin-
ic due to foot ulcers of patients with diabetes. However, some 
essential information was not available in four patients, and 
thus the study was conducted with the findings of 51 patients.

Clinical evaluations and descriptions

Age, gender, and the type and duration of diabetes of the pa-
tients were recorded. The presence of chronic complications 
such as neuropathy, nephropathy and retinopathy were also 
noted. In addition, plasma levels of glucose and glycosylated 
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hemoglobin (HbA1c) were measured upon admission, and the 
results were recorded.

Neurological examination of the superficial and deep sen-
sations (vibration sense and position sense) was performed 
using a 128-Hertz diapason, and deep tendon reflexes were 
evaluated. Some patients also underwent electromyography 
(EMG) for the evaluation of neuropathy. Micro albumin levels 
in 24-h urine were measured to evaluate patients for nephropa-
thy, and the results were graded as follows: < 30 mg, normal; 
30 - 300 mg, micro-albuminuria; > 300 mg, macro-albuminuria 
[7]. Vascular assessment was performed using Doppler ultra-
sonography (US), magnetic resonance angiography (MRA) or 
conventional angiography. In addition to clinical assessment, 
direct graphs and/or magnetic resonance imaging (MRI) were 
used as imaging methods to evaluate patients for the presence 
of osteomyelitis. The presence of bone erosions or local dem-
ineralization in association with soft tissue infection in direct 
graphs was considered to the favor of osteomyelitis.

Intensive insulin therapy was initiated in all patients for 
the regulation of plasma glucose level. Foot ulcers of patients 
with diabetes were evaluated according to the Wagner-Meg-
gitt classification system [8]. The amputations performed at 
the level of the distal phalanx and phalanx and/or metatarsus 
were considered minor amputations, and those performed at 
the level of the heel, ankle, below-knee and above-knee were 
considered major amputations.

In the presence of more than one foot infection in the same 
patient, the infectious episodes occurring in the patients were 
separately included in the study. It was stipulated that a new 
situation was to be considered a new episode if the previous 
episode has recovered or concluded with amputation.

The specimens obtained by deep-tissue biopsy, aspiration 
biopsy and/or samples of pus from purulent lesions were sent 
for culture. At least two sets of blood cultures were taken when 
the patients exhibited symptoms of a systemic infection. Em-
pirical antibiotic treatment was initiated according to the clini-
cal condition of the patient after obtaining samples for culture. 
Initial empiric antibiotic therapy was modified according to 
antibiotic susceptibility test results.

Microbiological method

The microorganisms isolated from the wound cultures and their 
antibiotic susceptibility profiles were evaluated retrospectively 
in the study. The specimens of deep tissue and swab samples 
taken following debridement, samples of abscess and drain-
age, aspirates, tissue biopsies, and the samples of superficial 
wound swabbing were included in the study. The samples were 
collected after cleaning the surface with sterile serum physi-
ologic solution in open lesions and after cleaning with 70% 
alcohol in closed lesions [9-11]. The samples were transported 
to the laboratory in the Amies transport medium (bioMerieux), 
the thioglycollate broth medium (bioMerieux), or in the sterile 
sample container. For cultivation, the specimens were inocu-
lated on 5% sheep blood agar (COS; bioMerieux), chocolate 
agar (PVX; bioMerieux), MacConkey agar (MCK; bioMer-
ieux), and Sabouraud dextrose agar (SDA; bioMerieux). The 
plaques were incubated in an incubator at 37 °C for 18 - 24 

h and were then evaluated for bacterial growth. The plaques 
showing no bacterial growth were kept in the incubator for up 
to 96 h, and they were evaluated for bacterial growth at the end 
of this time period. The thioglycollate broth (bioMerieux) me-
dia were also incubated in the incubator at 37 °C for 96 h, and 
they were evaluated daily for the growth of bacteria [9, 10].

The conventional methods (morphology of bacterial colo-
ny, Gram staining, catalase test, oxidase test, plasma coagulase 
test for staphylococci), and the Vitek 2 system cards for the 
identification of Gram-positive and Gram-negative bacteria 
(GN ID and GP ID, bioMerieux) were used for the identifica-
tion of microorganisms reproducing in clinical samples.

Extended spectrum beta lactamase (ESBL) production 
by Escherichia coli (E. coli) and Klebsiella pneumoniae (K. 
pneumonia) species was detected by the Vitek 2 AES (The Ad-
vanced Expert System™, bioMerieux) system.

Antibiotic susceptibility tests for Gram-positive and 
Gram-negative bacteria were performed using the Vitek 2 au-
tomated system (bioMerieux); the results of minimal inhibi-
tory concentration (MIC) were graded as susceptible, interme-
diate or resistant according to the guidelines of Clinical and 
Laboratory Standards Institute (CLSI) [12].

Statistical analysis

The data were analyzed using SPSS 20 software. The categori-
cal variables were expressed as numbers and percentage, and 
numeric variables were expressed as mean and standard de-
viation (median and minimum - maximum where required). 
The Chi-square test was used to compare categorical variables 
between the groups. The Kolmogorov-Smirnov test was used 
to test the hypothesis that numeric variables were normally 
distributed. In comparison of the numeric variables between 
the groups, the independent samples t-test was used when the 
hypothesis was accepted, and the Mann-Whitney U test was 
used when the hypothesis was rejected. The level of statistical 
significance was set at P < 0.05 in all statistical analyses.

Results

The study included 51 patients with type 2 diabetes mellitus 
(T2DM), who were admitted to our clinic due to foot ulcer. 
Of these patients, 12 were female (23.5%) and 39 were male 
(77.5%). The mean age was 63.1 ± 10.9 years, and the mean 
duration of diabetes was 16.9 ± 6.9 years (min - max: 4 - 35 
years). Demographic characteristics of the patients and pres-
ence of complications are demonstrated in Table 1.

Forty-six patients underwent amputation (22 minor, 24 
major). When the amputations were evaluated in terms of gen-
der, the number of amputations did not differ between men 
and women (P = 0.32), while the type of amputation differed 
significantly. The frequency of minor amputations was found 
to be higher in female patients (75%), while the frequency of 
major amputations was higher in males (65%) (P = 0.021). The 
mean age was 63.8 ± 10.3 years in patients, who underwent 
amputation, and 59.4 ± 15.2 years in patients, who did not 
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undergo amputation; this difference was not statistically sig-
nificant (P = 0.430). The duration of diabetes was found to be 
higher in patients who underwent amputation, when compared 
to those who did not undergo amputation; however this differ-
ence was not found to be statistically significant.

A significant relationship existed between the Wagner 
grade of the foot ulcers and amputation. The rate of amputation 
increased with increasing Wagner grade (P = 0.002; the rates of 
amputation in Wagner 2, Wagner 3 and Wagner 4 were 40%, 
94.1%, and 100%, respectively).

When the patients were evaluated in terms of chronic com-
plications of diabetes, neuropathy was detected in 98% of the 
patients, and in all patients that underwent amputation. Ampu-
tation was performed in 97% of patients with osteomyelitis, 
93.8% of patients with retinopathy, and these relationships were 
statistically significant (P = 0.022 and P = 0.023, respectively). 
A significant relationship was not found between the presence 
of peripheral arterial disease and amputation (P = 0.580).

The results of cultures obtained from the patients revealed 
bacterial growth in a total of 207 samples. Forty-three different 
bacteria were isolated from these cultures. The most commonly 
isolated bacteria were as follows in the order of frequency: En-
terococcus faecalis (E. faecalis), 28 (13.5%); Staphylococcus 
aureus (S. aureus), 23 (11%); Staphylococcus epidermidis (S. 
epidermidis), 18 (8.6%); Pseudomonas aeruginosa (P. aer-
uginosa), 16 (7.7%); Morganella morganii (M. morganii), 15 
(7.2%); and E. coli, 13 (6.2%). There was polymicrobial growth 
in 54 cultures; of these, eight showed growth of three microor-
ganisms and one showed growth of four microorganisms. The 
reproducing microorganisms in the collected samples are indi-
cated in Table 2. Mono microbial and poly microbial growth 
groups, their Gram-staining characteristics, and the rates of 
amputation in each group are demonstrated in Table 3, and the 

susceptibility profile of these bacteria is presented in Table 4.

Discussion

Infection appears to be the result, and not the cause of foot 
ulcers of patients with diabetes. Foot ulcers are often accom-
panied by infectious agents, which lead to a wide-spectrum of 
infections from a simple infection as paronychia and cellulitis 

Table 1.  Demographic Characteristics of the Patients and 
Presence of Chronic Complications

N (%) Mean ± SD
Age (year) 63.1 ± 10.9
Duration of diabetes (year) 16.9 ± 6.9
Gender
  Female 12 (23.5%)
  Male 39 (77.5%)
Neuropathy 50 (98%)
Nephropathy 44 (86%)
Retinopathy 48 (94%)
Peripheral arterial disease 40 (78.4%)
Wagner stage*
  Wagner 2 5 (9.6%)
  Wagner 3 33 (63.5%)
  Wagner 4 14 (26.9%)
Osteomyelitis 47 (90.4%)
Amputation 46 (90.1%)

*No patients in Wagner stages 0 and 1.

Table 2.  Types of Microorganisms Identified in the Wound Cul-
tures of the Patients

Bacteria Total (N)
Gram-positive microorganisms 96
  Enterococcus faecalis 28
  Staphylococcus aureus 23
  Staphylococcus epidermidis 18
  Other CNS 9
  Streptococcus agalactiae 8
  Streptococcus dysgalactiae 4
  Streptococcus viridans 3
  Enterococcus avium 2
  Streptococcus pyogenes 1
Gram-negative microorganisms 101
  Pseudomonas aeruginosa 16
  Morganella morganii 15
  Escherichia coli 13
  Acinetobacter baumannii 11
  Proteus mirabilis 11
  Serratia marcescens 6
  Klebsiella pneumoniae 5
  Citrobacter koseri 4
  Providencia rettgeri 3
  Klebsiella oxytoca 2
  Citrobacter braakii 2
  Citrobacter freundii 2
  Enterobacter cloacae 2
  Stenotrophomonas maltophilia 3
  Proteus penneri 1
  Proteus vulgaris 1
  Providencia alcalifaciens 1
  Providencia stuartii 1
  Serratia liquefaciens 1
  Sphingomonas paucimobilis 1
  Fungi
  Candida species 1
Total 207
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to a more severe condition as osteomyelitis [13]. The presence 
of osteomyelitis is associated with poor prognosis, and it also 
increases amputation risk considerably by making foot ulcer a 
difficult condition to treat [14]. Therefore, it is extremely im-
portant to identify infectious agents early in foot ulcers of pa-
tients with diabetes and administer the treatment accordingly. 
The use of proper antibiotics prevents the progression of ulcer, 
and thus, avoids loss of extremity and patient’s life [15].

In patients with diabetes, the entry of bacteria occurs 
through acute traumatic wounds, burns, fissures between the 
fingers, and chronic pressure wounds in which the integrity 
of normal skin barrier has been interrupted. The infection oc-
curring with this mechanism may be either localized or wide 
and deep [16]. Acute foot infections in patients with diabetes 

are mono microbial similar to those observed in patients with-
out diabetes, and responsible agent is S. aureus or especially 
group B streptococci [13, 17]. Chronic infections, however, can 
be poly microbial and the dominant microorganisms in such 
infections are expected to be S. aureus followed by group B 
streptococci. The patients may require aggressive surgical de-
bridement due to potential of these microorganisms to cause a 
necrotizing infection [16]. Gram-positive microorganisms such 
as enterococci and Gram-negative bacilli such as E. coli, Kleb-
siella and Proteus may reproduce in patients, who have previ-
ously received antibiotics (especially cephalosporins). Many 
antibiotic-resistant species of Pseudomonas can be detected es-
pecially in sweaty feet or inter digital macerations [18, 19]. The 
detection of coagulase-negative Staphylococci (CNS) in super-

Table 3.  The Rates of Amputation in Regard to Mono Microbial and Poly Microbial Reproductions, and Gram-Staining Properties 
of the Pathogens

Characteristic of reproduction Number (N) Amputation N (%) Osteomyelitis N (%)
Mono microbial 85 74 (87%) 54 (64%)
Gram-positive 43
Gram-negative 42
Poly microbial 54 52 (98%) 40 (75%)
All are Gram-positive 12
All are Gram-negative 7
Mixed 35

Table 4.  Antibiotic Sensitivity Patterns of Microorganisms Identified in Culture Media

Microorganism Type of resistance Resistance (N)/total (N) (%)
In S. aureus

Methicillin resistance 5/11 (45%)
Quinolone resistance 7/20 (35%)
TMP/SMX resistance 2/15 (13%)
Clindamycin resistance 7/15 (47%)

In CNS
Methicillin resistance 19/22 (86%)

In Enterobacteriaceae
ESBL positivity 5/12 (42%)
Quinolone resistance 25/34 (74%)

P. aeruginosa
Carbapenem resistance 6/17 (35%)
Quinolone resistance 6/15 (40%)
Aminoglycoside resistance 3/15 (20%)

In Enterococcus species
Ampicillin resistance 12/30 (40%)
Vancomycin resistance 0/27 (0%)

In A. baumannii
Carbapenem resistance 8/11 (73%)
Aminoglycoside resistance 6/11 (55%)
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ficial wound infections generally indicates the presence of con-
tamination, while detection in cultures of deep tissues and bone 
cultures points to a condition that needs to be taken seriously 
and treated immediately. Candida infections especially lead to 
tinea pedis, and they can be detected in some cases of foot ul-
cers of patients with diabetes. Bacteroides fragilis (B. fragilis) 
is an anaerobic microorganism that can be mostly detected in 
necrotic wounds or ischemic wounds of the foot [20, 21].

The most commonly reproducing bacteria in patients in-
cluded in our study were as follows in the order of frequency: 
E. faecalis, S. aureus, S. epidermidis, P. aeruginosa, and M. 
morganii. In a study that was conducted at our clinic approxi-
mately 15 years ago by the follow-up of 100 patients with foot 
ulcers of patients with diabetes, S. aureus was found to be the 
most commonly reproducing bacteria [22]. Of a total of 138 
infectious episodes in patients in the present study, poly mi-
crobial reproduction was determined in 54 (39%) culture re-
sults; of these, eight showed growth of three microorganisms, 
one showed growth of four microorganisms, and two micro-
organisms were detected in the remaining. When long years 
are taken into consideration, we may state that microorganisms 
reproducing in our patients are generally similar; however, the 
frequency has changed, and E. faecalis, which ranked third in 
previous years, has taken the first place in the present study. In 
the case of microorganisms such as Staphylococcus and En-
terococcus that are often associated with contamination, iso-
lation of these agents from repeated cultures and consistency 
with clinical picture helped differentiation. The response to 
pathogen-specific treatment has also supported that they were 
the responsible pathogens. Most of our patients were referred 
from external centers, and this fact may be a reason for the re-
production of pathogens (such as the species of Enterococcus), 
which are not covered by therapeutic spectrum of the therapies 
administered in the referring centers [13].

The relationship between reproducing microorganisms 
and amputation could not be evaluated, since most of the pa-
tients in our study population underwent amputation, poly mi-
crobial reproductions were present, and the patients exhibited 
with more than one infectious episode.

In patients followed due to foot ulcers of patients with dia-
betes, it is an appropriate approach to administer empiric an-
tibiotic therapy until the results of culture becomes available. 
However, empiric antibiotic regimen selected should cover the 
most commonly isolated microorganisms [16]. Combined an-
tibiotic therapies must be selected considering poly microbial 
disease [13]. High rates of resistance in the pathogens may be 
related to high number of advanced-stage patients in the pre-
sent study, and thus possibly to the history of intensive antibi-
otic use for this purpose. In addition, frequent hospitalization 
is an important risk factor for colonization of and infection 
with resistant microorganisms. Combination of ciprofloxacin 
and clindamycin is frequently used at our hospital in oral em-
piric therapy for foot infections of patients with diabetes. In the 
present study, the rate of resistance against ciprofloxacin was 
35% in S. aureus and between 40% and 74% in Gram-negative 
bacteria. Clindamycin resistance was also found to be high in 
S. aureus, which was at a rate of 47%. Although the number 
of our patients was not sufficient to draw a conclusion, high 
rates of resistance to these drugs attract attention and have to 

be taken into consideration [13, 23].
Osteomyelitis develops in about two thirds in foot ulcers 

of patients with diabetes, and the presence of osteomyelitis 
increases the risk of amputation considerably by making foot 
ulcer a difficult condition to treat [15]. Nevertheless, there are 
studies indicating that osteomyelitis in foot ulcers of patients 
with diabetes might recover with antibiotic therapy without re-
quiring surgical intervention. Therefore, in the presence of os-
teomyelitis, antibiotic regimen must be selected carefully [24-
26]. The frequency of osteomyelitis was 90% in our patients, 
and this result was found to be high compared to our previous 
results. The rate of amputation was also found to increase with 
the increasing Wagner stage in our patients. It would be ap-
propriate to mention that we found a high rate of amputation, 
since our study population was comprised of patients with ad-
vanced stages of foot ulcer who were referred to our clinic 
from other centers within the last few months.

A significant relationship was not detected between the 
presence of peripheral arterial disease and amputation in our 
patients, while neuropathy, retinopathy and osteomyelitis were 
found to be associated with amputation.

The most important limitations of our study are insuffi-
cient number of patients, and small number of patients who 
did not undergo amputation. Poly microbial growth and more 
than one infectious episode occurring in the study participants 
complicate evaluation of the relationship between antibiotic 
susceptibility and amputation.

In conclusion, E. faecalis and S. aureus are the most fre-
quently isolated microorganisms in the present study. The 
results of antibiotic susceptibility tests guide selection of ap-
propriate empiric antibiotic therapy; however, these data are 
insufficient to change current approaches due to small num-
ber of patients. The ideal approach in preventing osteomyelitis 
and/or decreasing amputations through appropriate treatment 
of osteomyelitis would be to wait for culture results and ad-
minister agent-specific antibiotics.
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