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ABSTRACT AIM: The present study aimed to evaluate clinical and microbiological findings of the patients with
a diabetic foot infection. METHODS: The present study was carried out retrospectively between March 2015 and
September 2016. Eighty diabetic foot infection attacks of 68 patients with foot lesions at the grade of ≥ PEDIS 3 and
≥ WAGNER 2 were included in the present study. Demographic data of the patients, type of diabetes, staging of a
diabetic foot according to PEDIS and Wagner classification, the treatments they have received, laboratory parameters,
culture results, and treatment outcome have all been recorded to prepared forms. Deep tissue culture was obtained from
all patients and sampling was carried out. The treatment they received and prognoses were evaluated. RESULTS: In
samples obtained from 80 attacks included in the study, 30 (% 53,6) GRAM (-) bacteria 24 (%42,9) GRAM(+) bacteria,
2 (%3.5) Candida spp, overall 56 (%70) bacteria were isolated. The most commonly growing bacteria were; S.aureus
(n=16,%28.6),Proteus spp (n=9,%16) and E.coli (n=6, %10). In 7 (%91.25) attacks, surgical treatment was administered
apart from antibiotic treatment, and the rate of amputation was found to be %33.75. The rate of recovery was found to be
higher in patients whose antibiotic treatment remained unchanged from the onset than that found in patients whose
treatment was changed. In 70% of diabetic foot infection attacks evaluated in the present study, growth was detected, and
most of the agents were established to be GRAM negative bacteria. CONCLUSION: Antimicrobial treatment providing
cover against probable microbial agent increases the probability of recovery. Therefore, determination of active spectrums
according to regions and the choice of suitable antibiothreapy will render prognosis better.
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Introduction

One of the most important complications of diabetes is diabetic
foot infection (DFI). In the aetiology of DFIs, infections also
play a part in addition to peripheric angiopathy and neuropathy.
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Moreover, the development of infection is closely associated
with the frequency of extremity amputations in patients with di-
abetes. Over half of foot amputations, which are not associated
with trauma, occur in diabetic patients. DFIs are an essential
economic and social public health issue not only for being a sig-
nificant health problem threatening lower extremities and lives
of patients but also for leading to hospitalisations of patients for
an extended period. [1].

DFI requires a multidisciplinary approach. Hence, coordi-
nated action of plastic surgery, orthopaedics, endocrinology,
radiology, microbiology and infectious diseases departments is
necessary for treatment [2]. One of the most critical parameters
of infection is the elimination of infections. Microbiological diag-
nosis is critical for proper infection treatment and the prevention
of unnecessary antibiotic use [3].

The present study aimed to determine the demographic char-
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Table 1 Demographic data of patients.

Number of

patients (n)
Percentage (%)

Sex

Female 23 33.8

Male 45 66.2

Age

65 age > 30 44.1

65 age ≤ 38 55.9

Type of Diabetes

Type 1 2 2.9

Type 2 66 97.1

Antidiabetic treatment

İnsulin 28 41.2

Oral Antidiabetic Drug (OAD) 11 16.2

İnsulin + OAD 29 42.6

acteristics of patients followed with the diagnosis of DFI and
the distribution of microbial agents using an accurate sampling
of cultures and to evaluate the suitability of empiric antibiotics
administered.

Material and Method

The present study was carried out retrospectively between the
dates of March 2015- September 2016 after local ethics committee
approval. All patients, included in the study, were informed
about the aim and method of the study. The signed consent form
was obtained from all individuals participating in the study. Pa-
tients with DFI, who were followed in Infectious Diseases and
Clinical Microbiology clinic were included in the present study.
Patients whose foot lesion was ≥ class 3 according to PEDIS
classification and ≥ class to 2 according to Wagner classifica-
tion were included in the study. In patients who referred with
more than one DFI attack at different times, each DFI attack was
evaluated separately. A thorough history and family history
was obtained from all patients. All underwent systemic exam-
ination and findings were recorded. Demographic data of the
patients, clinical examination findings of foot lesions( purulent
drainage, erythema, fluctuation, heat increase, pain or tender-
ness, induration, spread to deep tissues and bone), laboratory
findings (hematological and biochemical blood examinations,
CRP and sedimentation), results of imaging studies and findings
of foot lesions according to classification techniques employed
in the present study were recorded .

In the patients included in the study, to determine DFI agents,
the sample for tissue culture was obtained by punch biopsy nee-
dle from wound bed of infected lesions after debridement, and
in closed lesions that did not require debridement, the culture
was sampled by needle aspiration. Clinical samples from pa-
tients were inoculated into media with suitable transportation
for anaerobe and aerobe cultures and sent to the microbiology
laboratory.

Figure 1: Distribution of DAI attacks according to Wagner and
PEDIS classification.

Previous antibiotic treatment received by the patients were
recorded at first evaluation. Ampiric antibiotic treatment initi-
ated after sampling was recorded and the patients were followed
up for response to treatment via clinical and laboratory param-
eters . When there was no response to treatment, and empiric
treatment did not cover the agents isolated in the culture, antibi-
otic treatment regimen was replaced with another one. Surgical
interventions carried out in patients who did not respond to
treatment only with antibiotics and wound care were evaluated
as well. All medical and surgical interventions were evaluated,
and prognoses were determined.

Statistical Analysis

For the analysis of findings, IBM SPSS Statistics 20.0 program
was used. Whether the data were distributed normally was
evaluated with Shapiro-Wilk test. In the comparison of normally
distributed data between groups, Student-t-test and the com-
parison of data not normally distributed, the Mann-Whitney U
test was utilized. In the comparison of categorical data, Chi-
square analysis was used. In descriptive statistics, percentage,
mean, standard deviation, median, minimum and maximum
values were used. P-value of <0.05 was considered statistically
significant.

Results

Eighty DFI attacks identified in 68 patients with DFI were in-
cluded in the present study. Forty-five patients were male
(%66.2) while 23 were (%33.8) female. Mean age was 61.59±11.93.
The number of patients with Type 1 DM was 2 (%2.9), while that
of patients with Type 2 DM was 66 (%97.1) Mean duration of
diabetes was found to be 16.7±8 years. Demographic data of the
patients are demonstrated in Table 1.

The most common localization of 80 DAI attacks was 35
fingers (%43.75)with ulcers localized in this region. Other locali-
sations are respectively 14 metatarsal(17.5%), 11 heel(13.75%), 11
foot ridge(13.75%), 9 foot base(11.25%). The distribution of DFI
attacks included in the study according to Wagner and PEDİS
classification is demonstrated in Figure I.

Of 80 cultures obtained from 80 DFI attacks of 65 patients,
73 (%91.2) was tissue culture and 7 (%8.8) abscess aspiration
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Figure 2: Prognosis in DFI attacks.

Table 2 Distribution of isolated agents.

n %

GRAM positive agents

S.aureus (MSSA) 13 23.2

Enterococcus spp. 5 8.9

Streptococcus spp. 3 5.4

MRSA 3 5.4

Overall 24 42.9

GRAM negative agents

Proteus spp. 9 16

E.coli 6 10.7

Klebsiella spp. 5 8.9

Morganella morganii 4 7.1

Acinetobacter spp. 3 5.4

GSBL(+) E.coli 2 3.6

P.aeruginosa 1 1.8

Overall 30 53.6

Candida spp. 2 3.5

Overall 56 100

culture. No microorganism was isolated in 24 out of 80(%30) cul-
tures. Fifty-six microbial agents were isolated from remaining 56
(%70) cultures. There was no polymicrobial growth. Anaerobic
microorganism growth occurred in none of the samples. The
distribution of isolated microorganisms was shown in Table II.
Most commonly isolated microorganisms were S.aureus, Proteus
spp, and E.coli. In 47 of 80 evaluated attacks (%58.7), patients
were on antibiotics before the presentation, while in 33 (%41.3),
there was no previous history of antibiotic use. Of antibiotic
treatment regimes, 44 was monotherapy and three combined
antibiotic treatment. Antibiotics used were determined to be
in decreasing order of frequency amoxicillin-clavulanic acid,
cephalosporin, moxifloxacin, ciprofloxacin, fusidic acid and ri-
fampicin. While there was the previous history of antibiotic use
in 33.3% of attacks in which there was GRAM positive agent
growth, such history was present in 66.6% of attacks with GRAM
negative agent growth, with a statistically significant difference
(p=0.009).

In all DFI attacks evaluated in the present study, after mi-
crobiological sampling was carried out, empiric antibiotic treat-
ment was commenced. Options preferred in ampiric treatment
were in decreasing order of frequency ampicillin-sulbactam,
moxifloxacin, ertapenem, daptomycin, tigecycline, cefazolin,
ciprofloxacin, piperacillin-tazobactam, meropenem, cefepime
and trimethoprim-sulfamethoxazole. In 70 attacks monotherapy
and in 10 attacks combined treatment was commenced. It was
established in the follow up treatment that in 48 attacks (%60),
treatment continued with empiric treatment used at onset, in
17 (%21.25), treatment was altered according to the growth re-
sults in the sample and 14 (%17.5), treatment was changed in
spite of the absence of growth in the culture, as there was no
clinical response to treatment. In one case (%1.25) Candida spp.
Isolated in the culture was not considered as a causative agent
clinically and treatment was changed, taking clinical response
into consideration.

In the evaluation of empiric antibiotic regimes administered
in DAI attacks with growth in their cultures, it was established
that in 22 of 56 (39.2%) cases with growth in their cultures, em-
piric treatment was continued with the present antibiotic, while
in 34(%39.2), treatment was changed according to culture re-
sults.

When all Wagner stages were evaluated, of 32 DFI attacks in
which treatment was changed, complete improvement or com-
plete infection control was achieved in 36 (75%). Of 48 attacks
whose treatment was continued with original empiric treatment,
complete improvement or infection control was achieved in 36
(%75) (p=0.02).

It was established that in 3 of 80 attacks (%3.75) patients re-
fused treatment. In 42 out of remaining 77 DFI attacks, (%52,5),
the improvement was observed with medical or surgical treat-
ments. In 32 (%40) attacks, present infection picture partly re-
solved, but the diabetic wound did not close, and the patient
was followed with foot care. Mortality occurred in 3 of 80 attacks
(% 3,75). Mortality occurred due to pulmonary embolism during
admission to hospital in one patient and complications associ-
ated with DFI in two patients. The prognoses of 80 patients
followed in the present study are displayed in Figure II.

Discussion

Diabetic foot infection is a significant health problem requiring
a multidisciplinary approach. In patients with whom DFI devel-
oped, rapid control of infection and prevention of amputations
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secondary to DFI and of deaths associated with sepsis and septic
shock are most important targets. To reach these targets, rapid
intervention to DFIs, early and accurate debridement and proper
antibiotic treatment are of great significance [3,14].

It is known that DFI’s occur more commonly in male patients
and those over the age of 40 and that the prevalence increases
with advancing age[4]. In a multicenter study carried out in
Turkey with 455 patients, by Saltoğlu et al., it was established
that the male/female ratio was 2.1 and the mean age of patients
was 61 [5]. Consistent with their results, the male/female ratio
was found to be 1.95 and mean age 61.5 in the present study.

In the present study, it was established that DFIs are localized
most commonly in toes. In the literature, similarly, it has been
reported that diabetic foot ulcers occur most commonly in the
front part of the foot (70-90%) to be followed by the heel and
mid part of the foot. The reason for this localization is the foot
region, which is first influenced by peripheral neuropathy and
exposed to trauma most commonly [6].

The distribution of DFI attacks evaluated in the present study
according to Wagner classification was as follows: Wagner 2
%16.2; Wagner 3 %30, Wagner 4 %47.5 and Wagner 5 %6.3, in-
dicating that the rate of attacks classified as Wagner 3 or over
was 83.7%. As to PEDIS classification, the distribution of our
study group was PEDIS 3 %92.5 and PEDIS 5 %7.5. When these
distributions are evaluated, it can be seen that the majority of our
cases consists of those with severe infection. In a study, the rate
of patients at Wagner stage 3 or over was found to be 70%, which
is quite lower than our results [7]. The high rate of patients at
Wagner stage ≥ 3 in the present study may be attributed to the
low sociocultural level of patient population, and hence to the
delay in presentation to hospital for diabetic foot injuries.

Microorganisms which are agents of DFI are quite variable.
In the literature, DFI’s are evaluated as having polymicrobial
aetiology [8]. The distribution of microbial agents varies accord-
ing to the severity of underlying disease, characteristics of the
hospital and regional variations between countries. The most
commonly detected agents are GRAM-positive aerobes such as S.
aureus, and streptococcus and Gram-negative microorganisms
belonging to Enterobacteriaceae family. In a study conducted
by Ertuğrul et al. in 2017, the results of the studies performed
between 2000-2014 in Turkey has been investigated, and the
change in the distribution of microorganisms leading to DFI
was evaluated with five year periods, and %45.8 of the agents
were found to be GRAM-positive, %53.7 GRAM-negative and
%0.05 Candida spp. The most commonly isolated organisms
were Staphylococcus aureus (%22.8), Pseudomonas aeruginosa
(%16.7) and Escherichia coli (%12.9). Overall 28 studies were
evaluated and the increase in GRAM negative agents and a de-
crease in GRAM negative agents in five year periods was found
to be significant. Also, decrease in MRSA rate within the last five
years was also found to be substantial. Another observation was
that the prevalence of isolation of P. aeruginosa agents decreased
over the years [9]. Unlike the data in the present study, GRAM
negative organisms account for 53.6% of isolated agents. Also, P.
Aeruginosa was found to be isolated only the rate of %1.8, and
our findings are discordant with those of Ertugrul et al. Given
our results, care should be taken to cover GRAM negative bac-
teria when administering empiric antibiotic treatment, and as
suggested in the literature, anti-pseudomonal spectrum should
be chosen only in risky conditions.

In the present study, microbiological sampling was carried
out in all 80 DFI attacks we evaluated. Seventy-three of the sam-

ples (%91.2) was tissue culture and 7(%8.8) abscess aspiration
culture. In 24 out of 80 (30%)cultures obtained, no agent could
be isolated. In a study by Mutluoğlu et al, no agent was isolated
in 20 of 89 patients (22.4%) with deep tissue culture, which is
compatible with our results [10].

The microbial agent was isolated in 70% of the samples ob-
tained in the present study. The distribution of overall 56 agents
isolated was similar to that in the study of Saltoğlu et al., and
24 (%42.9) were found to be GRAM-positive bacteria, 30 (%53.6)
GRAM-negative bacteria and 2 (%3,5) fungi. [5]. The most com-
monly growing three microorganisms among all isolated agents
were; S.aureus (n=16,%28.6),Proteus spp (n=9,%16) and E.coli
(n=6, %10.7). In the literature, among GRAM positive bacteria
playing a part in the aetiology of DFI, Proteus species are among
the least common ones [11,12]. However, in a study performed
in Brazil, similar to our results, the most commonly isolated
GRAM negative agent in DFI has been reported to Proteus[13],
which is among the enteric bacteria, is commonly found in wa-
ter, soil and stool and can be an agent in wound infections by
colonizing open wounds. These bacteria, which can grow easily
in moist environments, possess the characteristics of produc-
ing inducible beta-lactamase and GSBL: Recently, it has been
reported that the prevalence of GSBL positive Proteus has in-
creased[14]. Therefore, when initiating antibiotic treatment in
DFIs, it should be kept in mind that resistant Proteus species can
be common agents. S. aureus isolates methicillin-resistant rates
were evaluated in various studies and the study of Ertuğrul et
al., the rate of MRSA among GRAM positive bacteria was found
to be %10.3, and in the study of Saltoğlu et al, this rate was %11.9
and in the present study %12.5 [5,9]. In view of our results, it
was concluded that empiric antibiotic treatment does not have
to cover MRSA strains as the rate of isolation of MRSA was only
12.5% and that the addition of drugs protecting cover against
these microorganisms would be indicated only if high-risk fac-
tors present for MRSA as defined in the literature, if the lesion
is > stage 4 according to Wagner classification and if MRSA is
isolated in the culture.

In the studies especially from our country investigating ac-
tive agents in DFI’s, Pseudomonas has been reported to be the
leading agent among GRAM negative bacteria. [5,12]. However,
in the present study, Pseudomonas accounted for only one of the
isolated GRAM negative agents. When culture results obtained
with swab method are compared with those obtained with deep
tissue culture, it can be seen that the former method remains
inadequate in establishing the true rate of GRAM-negative mi-
croorganisms [15]. In the present study, all cultures were ob-
tained from deep tissue, which may be associated with low rates
of Pseudomonas. Nevertheless, the likelihood of the changes
in the spectrum of agents in patients with DFI should be taken
into account, and exciting results we obtained should serve as a
guide for future studies.

In DFI, when necrotic wounds coursing with gangrene, anaer-
obes may turn out to be agents[4]. In spite of many studies
carried out on DFI within the last two decades, the actual preva-
lence of anaerobic pathogens in DFI remains uncertain. In DFI,
the growth of microbial agent in the culture obtained depends
upon many parameters such as the method of obtaining a cul-
ture, type of sample, transfer method of sample to microbiology
laboratory and method and methods used in the laboratory. In
the present study, no anaerobic agent was isolated, and it was
thought that this might be associated with the difficulties men-
tioned above in isolation.
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The probability of the isolation of GRAM-negative agents is
higher in patients who have used extended spectrum antibiotics
previously [16]. Similarly, in the present study, in 33.3% of
DFI attacks with GRAM positive agent growth, there was a
history of previous antibiotic use, while antibiotic use history
was present in 66.6% of attacks with GRAM negative agent
growth The difference between them was found to be statistically
significant (p=0.009).The results obtained in the present study
support the idea that previous history of antibiotic use increases
the probability of GRAM-negative agents in DFI’s.

In antibiotic selection at the onset of DFIs, care should be
taken to cover commonly encountered microorganisms and
severity of infection, and in patients hospitalized previously,
local sensitivity results of the hospital (if present) should be
taken into consideration [17]. In the present study, in DFI at-
tacks, ampiric antibiotic treatment was instituted immediately
after microbiological sampling. In the evaluation of empirical
treatments, it was seen that improvement was observed in 34 of
48 patients (70.8%) who continued ampiric treatment unchanged,
while improvement occurred in 19 of 32(59%) patients whose
treatment regime was replaced with another(p=0.02). This result
indicates the importance of suitable empiric antibiotic treatment
in the prognosis of the patient. The suitability of the antibiotic
agent chosen at the onset of treatment to the probable agent
significantly increases the likelihood of recovery.

In the approach to DFI’s, where antibiotic treatment and
wound care are present, early surgical intervention in infected
ulcer is significant. Surgical treatments for these patients in-
clude a wide range of simple debridement of soft tissues, rang-
ing from significant amputation. [17] In our study, the rate of
recovery was significantly higher in patients who underwent
surgical treatment with concomitant antibiotic therapy. (Tablo
EKLENEBİLİR). When we look at the studies conducted in our
country, it was reported that the rate of amputation was 37%
in the follow-up of 574 patients who applied between 1998 and
2008 in the study of Yeşil et al. [18]. Again in our country, Dur-
gun and friends in their study of patients with DAI amputation
rate was 33.3% [19]. In our study, the rate of amputation was
33.75% by the literature.

In conclusion; in the follow-up patients at an advanced age
and of the male sex, it is essential to inform patients about DFI
that may involve toes and to warn patients before lesion devel-
opment so that the development of DFI can be prevented. In
patients who refer after the development of DFI, especially if
the stage of the wound is advanced, GRAM negative agents
should be taken into account in empiric treatment, and due to
the varying spectrum of agents, the repetition of similar studies
periodically is of great significance.
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