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ABSTRACT

Objective: Diabetic foot infections (DFI) is one of the most important complications of
diabetes mellitus. In this study, we aimed to show the causative microorganisms among
patients with DFI and evaluate the long term results.

Materials and Methods: We included the patients over 18 years old who were followed
up with DFI, with deep tissue cultures between July 26, 2015, and November 5, 2018, in
our center. Demographic data of the patients, Hbalc levels, nasal swab, tissue biopsy and
antibiogram results of microorganisms, were evaluated. The outcomes were infection,
amputation, and mortality.

Results: In total, 397 patients followed up with DFI diagnosis in “Diabetic Foot and Chronic
Wound Unit" were included. The mean age was 65.48 years, and 74.3% of the patients were
male. The most common gram-negative agent was Pseudomonas aeruginosa (37.1%), and the
gram-positive agent was Staphylococcus aureus (56.5%). A surgical procedure was performed
in 57.2% of the cases. Finger amputation interventions were 33.5% of the interventions,
36.6% were surgical debridement, and the remaining 30% were major amputations. The
mortality rate was 1.5%.

Conclusion: Tissue culturing is an important diagnostic tool that gives etiology and
susceptibility pattern of bacteria in patients with DFI.
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swab cultures; this leads to unnecessary, inappro-
priate and long-term use of antibiotics. Therefore,
only deep tissue biopsy culture was taken from the
patients followed up with DFI in our center. In this
study, the follow-up results of the patients with
DFI, the cultured microorganisms from the sam-
ples obtained by tissue biopsy, and the treatment
results were evaluated retrospectively.

MATERIALS AND METHODS

Our study group was adult patients over 18 years
old followed up with DFI between July 26, 2015, and
November 5, 2018 in the Diabetic Foot and Chron-
ic Wound Unit of Hitit University Corum Erol Olcok
Training and Research Hospital . Patients followed
up for burns and pressure ulcers were excluded
from the study. Tissue cultures were taken by bi-
opsy from intact tissue after wound debridement.
Epidemiological data of the patients, Hbalc levels,
nasal swab, tissue biopsy and antibiogram results
of microorganisms grown in blood cultures were
evaluated retrospectively. Nasal swabs and blood
samples were cultured according to routine culture
procedures.

Approximately 1 ml of thioglycolate broth was add-
ed to the tissue biopsy samples and incubated at
35°C for 24 hours. At the end of the incubation, 1
microliter loop and a loopful sample were taken
from the tube and inoculated on agar mediums
such as sheep blood agar, eosin methylene blue
agar, chocolate agar and sabouraud dextrose agar.
Chocolate agar medium was incubated at 35-37°C
in an environment containing 5% CO2, while oth-

HIGHLIGHTS

¢ Themostcommon gram-negative agentwas Pseu-
domonas aeruginosa (37.1%), and the gram-posi-
tive was Staphylococcus aureus (56.5%).

e Tissue culturing is an important diagnostic tool
that gives etiology and susceptibility pattern of
bacteria in patients with DFIL

e The major amputation rate decreased from 33%
to 14% within two years by the support of inter-
disciplinary unit.

er media were incubated in an aerobic environ-
ment for 24-48 hours. Plates were evaluated daily.
The first evaluation of the growing colonies was
made using conventional methods (gram staining,
catalase, coagulase, oxidase tests). Then, further
identification of microorganisms and antibiotic
susceptibility tests were performed using VITEK 2
(BioMérieux-France) automated system and VITEK
2 cards in line with the manufacturer’s recommen-
dations. Antibiotic susceptibility test results were
evaluated according to EUCAST criteria (5).

Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS)
for Windows, Version 16.0. Chicago, SPSS Inc; 2007.
Descriptive statistics were presented as mean
+ standard deviation for normally distributed
continuous data, median (min-max) for variables
with asymmetrically distributed continuous data,
and percentages (%) for categorical data. The Chi-
square test was used for categorical data and
correlation analysis was performed if necessary
between continous variables. The statistical
significance was set as P < 0.05.

RESULTS

In total, 397 patients followed up with the diagnosis
of DFI in the Diabetic Foot and Chronic Wound
Clinic. The mean age was 65.48 (22-95) years and
74.3% of the patients were male and 96.5% (n:383)
had a diagnosis of Type 2 Diabetes Mellitus (DM).
Hbalc level above 7 was detected in 251 out of 343
patients (mean 8.86). In addition to DM, 65.7% of the
cases had other comorbid diseases. Coronary artery
disease (CAD) (35%) and peripheral artery disease
(PAD) (27.7%) were the most common comorbidities
(Table 1). The rate of the previous hospitalization
was %29.7 (n=118). One hundred and eighty
patients (45%) had history of antibiotic use within
the last month, and 91 (23%) had previous history
of surgery because of diabetic foot. Osteomyelitis
were detected in 30.7% of the patients. The rate of
fever at the time of hospital admission was 5.5%.
Among 5 out of 70 patients (17.6%), at least one
pathogen was grown in blood cultures. Escherichia
coli was grown both in blood and tissue culture of
one case. The other pathogens detected in blood
cultures included Enterococcus faecium, Streptococcus
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Table 1. Co-morbid diseases

Underlying disease % (n)
Hypertension (HT) 36.8 (146)
Coronary artery disease (CAD) 35(139)
Peripheral artery disease (PAD) 27.7 (110)
Chronic kidney disease (CRF) 20.7 (82)
Venous insufficiency 13.9 (55)
Acute kidney failure (ARF) 7.6 (30)
Chronic obstructive pulmonary disease (COPD) 6.1(24)
Thyroid diseases 33(13)
Malignancy 2(8)
Cerebro vascular accident (CVA) 2(8)
Liver disease 0.5(2)

HT: Hypertension; CAD: Coronary artery disease; CRF: Chronic kidney
disease; COPD: Chronic obstructive pulmonary disease;

CVA: Cerebro vascular accident
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spp., Klebsiella spp., and Stenotrophomonas maltophlia.
Nasal swab cultures were obtained from 94% (n:372)
of the cases. The methicillin-sensitive Staphylococcus
aureus (MSSA) was detected in eight patients (2%),
methicillin-resistant S. aureus (MRSA) was detected
in four (1%). Wagner classification was used in the
evaluation of the patients. There were no patients
in class 0 and class 1, 55 (13,9%) patients in class 2,
317 (79,8%) patients in class 3, 22 (5,2%) patients in
class 4, and 3 (0,8%) patients in class 5.

Tissue biopsy cultures were obtained from the cas-
es (n:236, 59.5%) with open wounds with, signs of
abscess or wounds requiring debridement. In oth-
er cases diagnosed with DFI according to Wagner
criteria, empirical antibiotic therapy was started
based on the possible microorganisms. Microbio-
logical growth was detected in 121 (51.3%) of the
tissue cultures. A gram-negative agent was detect-
ed in 69 (57%) of the tissue cultures, a gram-positive

Table 2. Resistance rates (%) detected in gram-negative bacteria grown in tissue cultures.

clp TMP-STX IMP PIP-TAZ AK coL TIG
P. aeruginosa (n:26) 52 54 66 54 4
E. coli (n:17) 59 53 29 53 30 6 12
Acinetobacter spp. (n:8) 100 38 100 100 88 0 50
Morganella morganii (n:8) 75 50 0 0 13 76 38

AK: Amikacin; CIP: Ciprofloxacin; COL: Colistin; IMP: Imipenem; PIP-TAZ: Piperacillin-tazobactam; TIG: Tigecycline;
TMP-STX: Trimethoprim-sulphamethoxazole; R: Rezistance

Table 3. Resistance rates (%) detected in gram-positive bacteria grown in tissue cultures.

FA SAM VAN DOX CIP TMP-SMX MET
Staphylococci (n:17) 24 12 0 24 30 12 12
MSSA (n:12) 83 0 0 83 0 83 0
MRSA (n:1) 100 0 0 0 100 0 100
MRCoNS (n:3) 66.6 66.6 0 100 100 333 100
Streptococcus (n:3) - 0 0 - 0 0 -
Enteroccocus spp (n:3) - - 0 - 33 33 -

AMSSA: Methicilin sensitive Staphylococcus aureus; MRSA: Methicilin resistant Staphylococcus aureus;
MRCoNS: Methicillin-resistant coagulase-negative staphylococci; FA: Fucidic acid; SAM: Ampicillin/sulbactam;
VAN: Vancomycine; DOX: Doxycycline; CIP: Ciprofloxacin; TMP-STX: Trimethoprim-sulphamethoxazole
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agentin 23 (19%), and Candida spp. in 3 (2.5%), while
polymicrobial growth was detected in 7 (5.8%). Tis-
sue cultures were found to be contaminated with
a rate of 15.9%. The most common gram-negative
agent was Pseudomonas aeruginosa (37.1%), and the
gram-positive agent was S. aureus (56.5%). MRSA did
not grow in the nasal swab culture among patients
whose tissue culture was positive for MRSA. Tissue
culture results were detailed in table 2 and 3.

A surgical procedure was performed in 227 patients
(57.2%). Finger amputations constituted 33.5%
(n:76) of the interventions, 36.6% (n:83) were sur-
gical debridement, the remaining 30% (n:68) were
major amputations. Our major amputation rate
was 33% in 2016, 16% in 2017 and 14% in 2018.

Six patients died, and the case fatality rate was
1.5% during the hospitalization. The mean duration
of hospitalization was 25.45 (2-165) days.

DISCUSSION

Diabetic foot ulcers develop in approximately half
of DM cases and result in amputation in 15% (6).
Most of our cases were male, and have high level
of Hbalc which was consistent with the literature.
The most critical condition that worsens the prog-
nosis of diabetic foot ulcers is DFI. DFI causes a sig-
nificant increase in hospitalization rate and dura-
tion, and amputation rates.

Ulcers lasting more than 30 days, peripheral ar-
tery disease (PAD), peripheral neuropathy (PN),
chronic kidney disease (CKD) or a history of renal
transplant, and walking barefoot are the most im-
portant risk factors for DFI (7). Consistent with the
literature, 20.7% of our cases had CKD accompany-
ing diabetes, and 27.7% had arterial embolism and
ischemia.

About half of our patients had a history of antibiot-
ic use in the last month, and 1/3 of them had a his-
tory of hospitalization. Nevertheless, we could not
obtain information about previous antibiotic use.

Some studies have reported that microorganisms
colonizing patients’ rectal flora and nose predispose
them to recurrent infections (8, 9, 10). In addition,

some studies argue that nasal MRSA carriage is an
independent factor for DFI (11). Nasal carriage of
MRSA was reported in 0-24.7% of diabetic patients
(12). In a study from Turkey, this rate was 9.9% (13).
Nasal cultures of the patients followed up in our
hospital for DFI were routinely taken. In our study,
we detected 2% nasal MSSA and 1% MRSA carriage,
but we did not detect any correlation with tissue
culture. This suggests that an additional nasal swab
is unnecessary and not cost-effective in patients
with diabetic foot tissue culture. Rectal swab cul-
tures were not routinely obtained.

Isolation of any microorganism in superficial swab
culture has always been a matter of debate. It is not
recommended to routinely take superficial swab
culture because they often do not correlate with tis-
sue culture results. Although swab cultures fail to
determine the causative agent in Grade 3-4 wounds
according to the Wagner classification, some stud-
ies report that it is useful in Grade 2 wounds (14).
Our unit, Hitit University Gorum Erol Olgok Train-
ing and Research Hospital Diabetic Foot and Chron-
ic Wound Clinic, is a tertiary center. Therefore, the
majority of the applied cases are complicated cases
(86% cases > Grade 3) who have been hospitalized
in different centers before. In these cases, swab
culture is not an appropriate method to detect the
causative agent. A standardized collection and pro-
cessing of deep tissue cultures were ideal for our
center. (15). In our center, deep tissue cultures were
taken from patients who had long been considered
to have DFI. As a matter of fact, no growth was de-
tected in 48.7% of our deep tissue biopsy cultures.
Decreased bacterial load after surgical debridement
might also have caused negative culture results.
Isolation of microorganism in tissue culture was
achieved among 51.3% (n:121) of the cases whose
tissue biopsy cultures were obtained. In developed
countries, gram-positives are at the forefront of DFI
as a factor, while in developing countries, gram-neg-
atives are at the forefront. In our study, gram-neg-
ative agents were found in 57% and gram-positive
agents in 19%. P. aeruginosa was the most common
isolated microorganism with a rate of 21.4%. P. aeru-
ginosa is reported as a DFI agent in our country with
a rate of 4-20% (16). In one study, lower-extremity
amputation and previous treatment with an active
wound dressing were found to be important risk
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factors for P. aeruginosa (17). Because of the use of
antibiotics in approximately half of the cases we
presented and the history of surgical intervention
in one third, these risk factors should be questioned
before starting treatment and an antibiotic with
Pseudomonas spp. activity should be chosen in em-
pirical antibiotic preference. S. aureus (56.5%) was
the leading gram-positive agent detected in deep
tissue biopsy cultures. Itis seen that MRSA has been
reported as a factor in 18-31% of diabetic foot cas-
es in our country in different studies (18). The rate
of detection of MRSA as a causative agent in our
cases (19%) was quite low compared to these series.
While methicillin resistance in coagulase-negative
staphylococci (CoNS) has been reported as 71-79% in
different studies (19), methicillin resistance was de-
tected at a rate of 100% in our cases. For this reason,
methicillin resistance was taken into account in an
empirical treatment regimen involving gram-posi-
tive microorganisms in our centre.

It is a known fact that DFl-related amputation
rates are quite high in tertiary hospitals following
DFI. A meta-analysis reported an amputation rate
of 30.5% at any level. Most of the cases transferred
from different centers were severe, complicated
cases accompanied by osteomyelitis and peripheral
vascular disease. Male gender, history of amputa-
tion-osteomyelitis, presence of PAD, Wagner class 4
and 5, gangrene/necrosis, neuro-ischemic ulcer, se-
vere infection, long hospital stay, increase in acute
phase reactants, growth of gram-negative agents in
tissue biopsy culture are detected risk factors for
lower extremity amputation (20). In our cases, the
excess of male patients (74.3%), previous surgical
intervention (22.9%), PAD (27.7%), presence of os-
teomyelitis (30.7%) and gram-negative weight of
microorganisms grown in tissue biopsy cultures
were important risk factors that predispose to am-
putation, in line with the literature. In the years
when our centre was first established, the rate of
major amputation was high. In the literature, there
are studies on the reduction of major amputation
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rates with interdisciplinary teamwork (21). It was
observed that the major amputation rate of our
patients, who were followed up with an interdisci-
plinary approach rather than a multidisciplinary
approach, together with the diabetic foot council
actively working in our hospital, decreased over
time and was lower than the literature data.

In a study in which DFI-related mortality was 3%,
ischemic wound, infection in the posterior foot re-
gion, infection involving the whole foot, PAD, high
leukocyte levels, high platelet levels, high CRP, and
polymicrobial growth in deep tissue culture were re-
ported as important parameters in predicting mor-
tality (18). In our center, the mortality rate (1.5%)
was quite low. Due to our low mortality rate, a sta-
tistically significant evaluation could not be made.
However, the cause of death was not uncontrolled
DFI or sepsis, but other complications of diabetes or
cardiac diseases.

CONCLUSION

As a result, treatment of DFIs is a long-term prob-
lem that requires serious patience and effort. It is
important to determine the causative microorgan-
ism and the sensitivity pattern correctly. Therefore,
the importance of tissue biopsy cultures is increas-
ing. Since it is possible to detect the microorganism
with tissue biopsy culture taken at the appropriate
time, nasal and rectal colonization cultures are no
longer important. Nasal and rectal swab cultures
can only guide cases of osteomyelitis, which are
deep and difficult to sample. Apart from this, nasal
swab cultures are no longer routinely taken in our
center due to loss of workforce and additional cost.
It is also clearly seen that the major amputation
rates have decreased in DFI followed by an interdis-
ciplinary approach.

In the context of the country, it is necessary to in-
crease the centers dealing with DF wounds and fo-
cus on studies to prevent DFIL.
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