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The aim of this study was to compare microbial findings
and their resistance to antibiotics between hemodialysis
patients and patients without end-stage renal failure with
diabetic foot infections. An 18-month-long descriptive study
analyzed bacterial isolates obtained from 32 hemodialysis (HD)
patients with diabetic foot infection in an Antakya hemodialy-
sis center and 65 patients with diabetic foot infection admitted
to the Education and Research Hospital of Mustafa Kemal
University, Turkey. No significant difference in the mean
number of pathogens per patient was found between the
dialysis patients and other patients (2.3 vs. 2.1, respectively)
(p > 0.05). While the occurrence of gram-positive bacteria in
the HD patients was found to be 59.0%, this rate in the other
patients was 53.1% (p > 0.05). While most frequent bacterial
species isolated in the HD patients were S. aureus (22.9%),
followed by coagulase-negative Staphylococcus spp. (CNS)
(19.7%), the microorganisms in the other patients were found
as CNS (20.7%), followed S. aureus (18.0%). The data recom-
mend that antibiotic therapy in HD patients with diabetic foot
infection should be more closely guided by culture findings and
antimicrobial susceptibility results.

Keywords diabetes mellitus, foot infection, hemodialysis,
microbial findings, antimicrobial resistance

INTRODUCTION

The diabetic foot is a commonly encountered clinical
problem. It arises from the association of macroangiopathy
with neuropathy, which leads to undetected injuries,
delayed healing, and infection.[1] Impaired immune func-
tions, especially polymorphonuclear functions, may
increase infection incidence in diabetic patients.[2]

Diabetic ulcerations are infected more frequently by
a variety of pathogens than nondiabetic ulcerations.[3,4]

Foot ulcers occur in 5–15% of the diabetic patients
during their lifetime and are associated with increased
morbidity and mortality, with up to 3% having a lower
limb amputation.[5–7] Infection is a common sequela of
diabetic foot ulceration and trauma, which, once estab-
lished, progressively worsens and becomes more
difficult to treat.[7] Diabetic foot infection is the compli-
cation that requires medical attention. Infection is the
main cause of amputations in 25–50% of diabetic
patients.[8]

Bacterial involvement in diabetic foot infections may
be polymicrobial.[1,7,9] Infection present in the diabetic
foot must be treated aggressively and promptly, as it can
be limb-threatening, and in special groups of patients (e.g.,
transplant and dialysis patients), it could even be life-
threatening.[8,10] Increased incidence of infection is one the
main causes of the increased mortality in hemodialysis
(HD) patients.[8,11] Diabetic patients suffering from end-
stage renal failure are at particular risk of infection, as well
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as foot ulcers due to neuropathy and impaired immune
functions.[8,12]

Diabetic patients with foot wounds have several fac-
tors that may be associated with a high risk of multidrug-
resistant organism carriage.[13] Several studies were found
methicillin-resistant S. aureus in as many as 15–30% of
diabetic foot wounds.[6,14] However, because bacterial
culture is not performed routinely and reliable culture data
may be lacking, initial therapy of diabetic foot infection is
frequently empiric.

The evaluation of differences in microbial findings
and resistance to antibiotics between HD patients and
other patients with the diabetic foot may be important for
the selection of an appropriate antibiotic therapy strategy.
The aim of our study was to compare microbial findings
and their resistance to antibiotics in HD patients and
patients without end-stage renal failure with diabetic foot
infection.

MATERIALS AND METHODS

Study Population

Patients with diabetic foot infection admitted to
Education and Research Hospital of Mustafa Kemal
University and to Antakya Hemodialysis Center, Turkey,
between January 2004 to June 2005 were included this
study. The patients were divided into two groups: 65
patients (without end-stage renal failure, diabetes duration
18 ± 10.2 years, 4.6% Type 1 diabetics) and 32 HD
patients (diabetes duration 21 ± 12.3 years, 6.3% Type 1
diabetics) with diabetic foot ulcers.

Study Design

This was an 18-month-long descriptive study. Age,
sex, metabolic control, wound type, and its localization
and Wagner grade were documented for all patients. The
Wagner classification was used for the comparison of the
diabetic foot ulcer characteristics.[15] Patients with Wagner
grade 1 were excluded from the study, as these lesions
normally harbor skin contaminants that often lead to false-
positive results. The patients receiving any antimicrobial
therapy 30 days prior to taking the cultures also were
excluded from the study.

Microbiologic Methods

Culture materials from the diabetic foot wounds were
collected, either by applying a sterile cotton swab to the

wound, washing the wound with 100 cm3 of sterile physio-
logical saline and then making a puncture-aspiration at the
bottom of the wound, or culturing biopsies. The materials
obtained were cultured in the microbiology laboratory.
The specimens obtained from HD center were immedi-
ately placed in transport medium (Cary and Blair media)
and transported to the processing laboratory and cultured
in microbiology laboratory.

Bacterial identification was based with biochemical
and automated methods (ID 32E API, BioMerieux, Marcy
I’Etoile, France). Susceptibility testing was performed
with disc diffusion methods using the Clinical and Labora-
tory Standards Institute (CLSI) criteria.[16] Disk diffusion
method was performed on Mueller-Hinton agar plate at
37°C with antibiotic-containing disks (Oxoid Limited,
Basingstoke, Hampshire, England).

Statistical Analysis

Statistical analysis was performed using chi-square
test and fisher exact tests. p values less than 0.05 were
considered statistically significant. Statistical Package for
Social Sciences (SPSS, ver. 10.0) software was used for
the data analyses.

RESULTS

Of 32 HD patients with diabetic foot ulcer, 18 were
men and 14 of them were women, which had 58 ± 12.2
years mean age. A total of 65 other patients with diabetes
foot infection 43 were men and 22 of them were women,
which had 57 ± 13.4 years mean age. Of a total of 32 HD
patients, 13 (40.6%) were classified as Wagner stage 2, 9
(28.1%) as stage 3, 7 (21.9%) as stage 4, and 3 (9.4%) as
stage 5. Thirty-three (50.7%) of the patients without end-
stage renal failure were classified as Wagner stage 2, 18
(27.7%) as stage 3, 12 (18.5%) as stage 4, and 2 (3.1%) as
stage 5 (see Table 1).

Among the specimens taken from 97 patients, 18
were culture-negative while 79 yielded 172 microorgan-
isms. Of the 32 HD patients, 5 of them were culture-
negative and 27 of them yielded 61 bacterial isolates.
Among 67 other patients, no bacteria were cultured from
13 of them, but 111 bacterial isolates were obtained
from 54 of them. In 35 positive cultures (44.3%) among
all patients, polymicrobial etiology was encountered.
The microorganisms isolated in the study are shown in
Table 2.

The spectrum of bacterial species was found to be
similar in dialysis patients compared to the other patients.
No significant difference in the mean number of pathogens
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per one patient was found between the dialysis and other
patients with the diabetic foot (2.3 vs 2.1, respectively;
p > 0.05).

Coagulase negative Staphylococci (20.3%), S. aureus
(19.8%), Escherichia coli (9.9%), and Enterococcus spp
(8.7%) were the most common the bacterial species
isolated from all patients. While the occurrence of gram-

positive bacteria in the HD patients was 59.0%, this rate in
the other patients was 53.1% (p > 0.05). While the most
frequent bacterial species appearing in the HD patients
were S. aureus (22.9%), followed by CNS (19.7%) and
Enterococcus spp. (9.8%), the microorganisms in the other
patients were found as CNS (20.7%), followed S. aureus
(18.0%) and Enterococcus spp. (8.1%).

Table 1 
Distributions of bacteria isolated from different Wagner grade diabetic foot ulcers in 32 

hemodialysis patients and 65 other patients

Dialysis patients Other patients

Evaluated pathogens W2 W3 W4 W5 W2 W3 W4 W5

Total number of patients 13 9 7 3 32 18 13 2
Staphylococcus aureus 6 5 2 1 11 5 3 1
CNS 5 5 1 1 14 6 2 1
Enterococcus species 3 2 1 — 5 4 — —
Streptococcus species 2 2 — — 5 2 — —
Escherichia coli 3 3 1 — 6 3 1 —
Klebsiella pneumoniae 2 2 — — 3 3 — —
Morganella morgani 1 2 — — 4 2 1 —
Proteus mirabilis 1 1 — 1 4 2 — —
Enterobacter species 1 1 — — 5 3 1 —
Pseudomonas species 2 2 — — 6 2 1 —
Clostridium subterminale 1 — — — — 1 — —
Bacteroides ureoltyticum — 1 — — — 1 1 —
Leuconostos spp. 1 — — — — — 1 —

Abbreviations: CNS = coagulase-negative Staphylococcus species, W = Wagner grade.

Table 2 
A comparison of incidence of isolated pathogens in 32 hemodialysis and 65 other patients with 

diabetic foot infection

Evaluated pathogens Dialysis patients (%) Other patients (%) All patients (%) p

Staphylococcus aureus 22.9 18.0 19.8 NS
CNS 19.7 20.7 20.3 NS
Enterococcus species 9.8 8.1 8.7 NS
Streptococcus species 6.5 6.3 6.4 NS
Escherichia coli 11.5 9.0 9.9 NS
Klebsiella pneumoniae 6.5 5.4 5.8 NS
Morganella morgani 4.9 6.3 5.8 NS
Proteus mirabilis 4.9 5.4 5.2 NS
Enterobacter species 3.1 8.1 6.4 NS
Pseudomonas species 6.5 8.1 7.6 NS
Clostridium subterminale 1.6 0.9 1.2 NS
Bacteroides ureoltyticum 1.6 1.8 1.7 NS
Leuconostos spp. 0 1.8 1.2 NS
Sterile culture 15.6 20.0 18.5 NS
Polymicrobial infection 44.4 44.2 44.3 NS

Abbreviation: CNS = coagulase-negative Staphylococcus species.
p value: hemodialysis patients vs. the other patients. NS = not significant.
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The most frequent gram-negative pathogens isolated
in all patients were E. coli (9.9%), followed by Pseudomo-
nas spp. (7.6%). Among gram-negative bacteria isolated
from the HD patients, E. coli, Klebsiella pneumoniae,
Pseudomonas spp., and Morganella morgani were found
as 11.5%, 6.5%, 6.5%, and 4.9%, respectively. The most
common gram-negative bacterial species isolated from the
other patients were Escherichia coli (9.0%), Pseudomonas
spp. (8.1%), Enterobacter spp. (8.1%), and M. morganii
(6.3%).

Seven anaerobic isolates were obtained from all spec-
imens, of which three were Bacteroides ureoltyticum
belonging to two patients with Wagner grade 3 (n = 1) and
Wagner grade 4 (n = 2), two were Clostridium subtermi-
nale belonging to Wagner grades 3, and two were
Leuconostos spp. belonging to patients with Wagner
grades 3 (n = 1) and 4 (n = 1).

The most frequent pathogen isolated among all
patients with diabetic ulcers was the coagulase negative
Staphylococcus (20.3%), but its resistance to antibiotics
did not differ between the HD patients and the other
patients with the diabetic foot. While the ratio of the resis-
tance to ampicillin and ciprofloxacin Enterococcus spp.
isolated from HD patients was 33% and 67%; these rates
for the other patients was 11% and 44%, respectively.
However, no significant difference was found between
HD patients and the others statistically (p > 0.05). The
occurrence of resistance to antibiotics in isolates from HD
patients was higher compared with the isolates cultured
from other patients. Between S. aureus isolates from HD
patients and the other patients susceptibilities of resistance
to cefazolin, oxacillin, amoxicillin-clavulanate, and

clindamycin, there was no significant difference statisti-
cally (p > 0.05; see Table 3)

There was no difference in the antimicrobial resis-
tance pattern of E. coli isolates obtained from the HD
patients and the other patients with the diabetic foot. The
resistance to antibiotics of the Pseudomonas spp. was
high in all patients, especially resistance to cefoperazone
(38%), ciprofloxacin (46%), piperacillin (31%), and
gentamicin (38%). While the ratio of the resistance to
cefoperazone and piperacillin Pseudomonas spp. isolated
from HD patients was 50% and 75%, the rate for the
other patients was 33% and 22%, respectively. However,
no significant difference was determined statistically
(p > 0.05).

DISCUSSION

Nowadays, diabetes mellitus is one of the world’s
most important health problems. With an increasing
diabetic population worldwide, there is a significant rise in
the prevalence of foot infections.

Lavery et al.[4] reported the presence of a higher
number of bacterial organisms in diabetic ulcers in
comparison with non-diabetic wounds (2.6 vs 1.3,
respectively). In the current study, the mean number of
pathogens isolated from the diabetic foot ulcers was
found as 2.1 in patients without end-stage renal failure.
Fejfarová et al.[8] reported that the mean number of
pathogens isolated from the diabetic foot ulcers between
the transplanted, dialysis, and other patients with the dia-
betic foot were found as 2.8, 2.0, and 3, respectively. In

Table 3 
A comparison of antibiotic resistances for S. aureus between the hemodialysis patients 

and the other patients with the diabetic foot

Variables Dialysis patients (%) Other patients (%) p value

Number of detected S. aureus 14 20
Types of antibiotics

Amoxicillin-clavulanate 50 25 NS
Oxacillin 43 30 NS
Fusidic acid 14 5 NS
Vancomycin 0 0
Imipenem 36 40 NS
Piperacillin 29 25 NS
Sefazolin 43 15 NS
Clindamycine 50 30 NS
Erythromycin 36 30 NS
Co-trimoxazole (TM-SXT) 21 30 NS
Gentamycine 29 30 NS
Ciprofloxacin 29 35 NS

NS = Not significant.
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this study, the mean number of microorganisms per
patient between dialyzed and other patients with the
diabetic foot was found as 2.3 and 2.1, respectively (p >
0.05). The results of this study were similar to above
mentioned studies. On the other hand, our results were
higher than in those obtained from diabetic foot infection
by Shankara et al.[9] and Candel González et al.[1]

Polymicrobial infection in diabetic foot ulcers
generally has been described. Reports on polymicrobial
etiology in diabetic foot infection were similar.[1,7,9,17] On
the other hand, Dhanasekaran et al.[18] documented that
gram-negative bacteria in diabetic foot ulcers were mostly
monomicrobial. In this study, 44.3% of positive cultures
were polymicrobial. Polymicrobial flora in the HD and the
other patients were 44.4% and 44.2%, respectively
(p > 0.05).

Several other studies have shown that aerobic
microorganisms were the most frequently isolated patho-
gens from diabetic ulcers.[1,8,9,19,20] However, some
authors have reported a higher percentage of anaerobic
isolates.[21,22] This difference could be related to the
sample collection, transport system, and culture condi-
tions. In the current study, only seven anaerobic isolates
(4.1%) among all patients were isolated, of which four
were from the patients with Wagner grade 3 and three
were from the patients with Wagner grade 4.

It has been reported that gram-positive aerobic micro-
organisms were isolated most frequently from diabetic
foot infections.[1,8,9,20] We also found that gram-positive
bacteria predominated among positive cultures obtained
from all patient, and CNS (20.3%), S. aureus (19.8%), and
Enterococcus spp. (8.7%) were the most frequent microor-
ganisms isolated. While the most frequent bacterial
species appearing in the HD patients were S. aureus
(22.9%), in the other patients, CNS were the predominant
species (20.7%).

Furthermore, unlike the studies mentioned previously,
some studies have reported that gram-negative isolates
was found predominant, especially P. aeruginosa, in
diabetic foot infection.[9,23] On the contrary, in this study,
the prevalence of gram-negative bacteria isolated in the
HD patients and the other patients were found as 37.7%
and 42.3%, respectively (p > 0.05). Among gram-negative
bacteria isolated in HD patients and the other patients,
Escherichia coli (11.5% and 9.0%, respectively) was
found most frequently, followed by P. aeruginosa (6.5%
and 8.1%, respectively).

To our knowledge, there is only one other study
addressing diabetic foot infection in HD patients.[8] They
reported that an almost identical spectrum of bacterial
species was found in transplant and dialysis patients as in
patients with the diabetic foot without end-stage renal
failure, and that the study groups were found significantly

different in the occurrence of gram-positive bacteria
(80% in dialysis patients, and 63% in other patients).
Similarly, our results showed that no significant
differences were found in the occurrence of individual
microorganisms between the dialyzed and the other
patients. However, the frequencies of gram-positive aer-
obic bacteria in HD patients and the other patients were
found as 59.0% and 53.1%, respectively (p > 0.05).

Some studies have shown a higher risk of developing
a methicillin-resistant S. aureus infection in patients with
the diabetic foot. It has been reported that this resistant
pathogen was present especially in patients after repeated
or prolonged hospitalizations.[6,24] The results of this study
showed differences in microbial susceptibility to antibiotics
tested between the HD patients and the other patients.
Higher resistances to antibiotics of the S. aureus, Entero-
coccus spp., and Pseudomonas spp. were found in the HD
patients compared with the other group. Patients with
chronic HD suffer from general immune incompetence,
resulting in a high incidence of infectious and metabolic
complications. Prolonged hospitalization and long-term or
repeated antibiotic treatment of other infectious complica-
tions may lead to a selective antibiotic pressure.[8,25,26]

This status could be a possible cause of the high bacterial
resistance of some pathogens, especially S. aureus, in the
HD patients.

Our data showed that oxacillin, cefazolin, clindamy-
cin, and piperacillin due to the higher occurrence of resis-
tance were not suitable for the antibiotic treatment of
diabetic foot ulcers in the HD patients (see Table 3).
Ciprofloxacin and co-trimoxazole could be recommended
for the therapy due to lower resistance to these antibiotics
in HD patients. For these reasons, our data suggest that
empiric antibiotic treatment based on data from the
general diabetic population may need to be modified in
HD patients with the diabetic foot due to higher bacterial
resistance.

In conclusion, a similar occurrence of different bacte-
rial agents was found in the HD patients and other patients
with the diabetic foot infection. However, a higher bacte-
rial resistance rate to the tested antibiotics was observed in
the HD patients. The results of this study recommend that
antibiotic therapy in HD patients with diabetic foot
infections should be more closely guided by culture find-
ings and antimicrobial susceptibility of the associated
bacterial isolates.
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