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Ozet Abstract

GIRiS ve AMAG: Bu galismanin amaci patojen mikroorganizma  INTRODUCTION: The aim of the study to investigate the cases
popllasyonlari ve antibiyotik direncleri agisindan kritik klinik ve of Wagner grade lll and IV diabetic foot ulcers which need
cerrahi mudahale ihtiyaci duyulan Wagner evre Il ve IV  critical clinical and surgical intervention, regarding to the
diyabetik ayak ulserli olgulari incelemektir. pathogen microorganism populations and their antibiotic
YONTEM ve GERECLER: Gere¢ ve Yontemler: Wagner resistances.

siniflamasina gore evre 48 evre lll ve 42 evre IV olmak (izere METHODS: A total 90 cases consist of 48 grade Ill and 42 grade

toplam 90 diyabetik ayak Ulserli olgu ¢alismaya dahil edildi. IV ulcers according to the Wagner classification were included
Hasta kayitlari gozden gegirildi ve hasta bilgileri ile mikrobiyoloji ~ to the study. The carts are reviewed retrospectively, and
kiltlr sonuglari analiz igin kaydedildi. patients’” demographics and microbiological culture results

BULGULAR: Gram (-) mikroorganizmalar 124 6rnekte ve Gram were recorded for analysis.

(+) mikroorganizmalar 37 ornekte izole edildi. E. Coli, P.  RESULTS: Results: Gram (-) microorganisms were isolated in
aeruginosa, Staphylococcus aureus ve Proteus mirabilis en sik 124 samples, Gram (+) microorganisms were isolated in 37
goriilen enfeksiyon ajanlari olarak tespit edildi. Kaltir  samples. E. Coli, P. aeruginosa, Staphylococcus aureus and
antibiyogram sonuglarinda Enterococcus tirleri % 80, Proteus mirabilis were the most frequently detected infectious

Staphylococcus % 42,8, pseudomonas aeruginosa % 38,4, E.coli  agents. Enterococcus species showed 80%, staphylococcus
ise % 64,5 antibiyotik direnci gésterdi. izole edilen bakterilerin ~ showed as much as 42.8%, pseudomonas aeruginosa showed
% 31,6’s1 ise birden ¢ok ilaca direng gosterdi. as much as 38.4%, E.coli showed as much as 64.5% drug

TARTISMA ve SONUG: Cerrahlar, cerrahi midahale gerektiren resistance in the culture antibiogram studies. 31.6% of the
Wagner Evre Ill ve IV (lserli diyabetik ayak olgularinda yaygin  isolated bacteria showed a multidrug resistance.

antibiyotik direncinin farkinda olmalidirlar. DISCUSSION AND CONCLUSION: Surgeons should be aware of
common antibiotic resistance in diabetic foot cases had
Wangner grade Il and IV ulcer which require surgical
intervention.

Anahtar Kelimeler: Diyabetik ayak enfeksiyonu, Keywords: Diabetic foot infection, Wagner, Antibiotic

Wagner, Antibiyotik direnci resistant
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age of 20, diabetes mellitus was shown to have a
prevalence of 7.2% (4). When we consider the
rate of diabetic foot ulcers among diabetic
patients (5%-7%), it is estimated that at least
200,000-300,000 people suffer from diabetic
foot and related complications (5).

Despite the diabetes training programs, wound
care, protective measures against the formation
of diabetic ulcers, proper treatment of the
diabetic foot ulcers should involve the
classification of the wound and isolation of the
responsible microorganism (6,7). There are
several classifications regarding the diabetic foot
ulcers in the literature (8). Wagner classification,
which includes every stage of the diabetic ulcers
from a vulnerable foot with intact skin to the
gangrenous foot (9) (Table 1)(10) . The Wagner
grade Ill and IV ulcers requires more critical
multidisciplinary approach in order to prevent
inevitable possibility of amputation than the
lower grades. So cases with Wagner grade Ill and
IV diabetic ulcers are chosen as the target for
investigating the both microbial population and

drug resistance.

Table 1. Wagner Classification

Intact skin with a bony prominence and/or callus formation (risk Stage 0
factor for ulcer formation)

Superficial ulcer without involvement of the subcutaneous tissues Stage 1
Deep ulcer with the involvement of tendon. bone. ligaments or joint Stage 2
Deep ulcer associated with abscess and/or osteomyelitis Stage 3
Gangrene of the fingers and/or metatarsal bones Stage 4
Gangrene of the heel and/or the whole foot which is unsalvageable Stage 5

and prompts amputation

Diabetic foot infections may range from
uncomplicated cellulitis to purulent ulceration

and gangrenous necrosis. The decrease in

resistance to infections, phagocytic activity,
deficiency in cellular and humoral immunity,
impairments in macro- and micro-circulation
leading to peripheral vascular insufficiency play
an important role in the formation of diabetic
foot wulcers (11). Pathogens are generally
originated from the patient’s own bacterial or
fungal flora. One of the most typical properties of
diabetic foot infections is its polymicrobial
nature. This finding is particularly more
prominent in hospitalized patients with bone
involvement and/or tissue necrosis. Gram (+)
cocci, Gram (-) bacilli, and anaerobes can be
isolated from these lesions. The most commonly
isolated microorganisms from diabetic foot

infections are (12- 14):

e Gram (+) cocci: Staphylococcus aureus,

group B streptococci, enterococci,

Staphylococcus epidermidis.

e Gram (-) bacilli: Escherichia coli, Proteus
vulgaris, Proteus mirabilis, Pseudomonas
Klebsiella

aeruginosa, pneumoniae,

Enterobacter and Citrobacter species.

e Anaerobic bacteria: Bacteroides fragilis,
other Bacteroid species, Peptococci,
Clostiridium species, Prevotella

melaninogenicia.

The bacteria that are reproduced from the swab
specimens taken from the surface of the wound
or the regions adjacent to the wound reflect only
the surface colonization so they may be

insufficient for the determination of the
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infectious agent. For this reason, the ideal
microbiological method is to obtain deep tissue
cultures (DTC). However, if it is not possible to
acquire DTC, specimens can be taken by
curettage from the base of the wound after a
careful clean-up process. These specimens give
more reliable results than swab specimens
(12,13). In diabetic foot infections, antibiotic
treatments are recommended. In severe diabetic
foot infections, antibiotics that are used include
wide-spectrum  penicillins,  cephalosporins,
carbapenems, quinolones, and aminoglycosides.
However, for foot ulcers, there exist no
treatment regimen on which a consensus has
been reached because of the clinical studies
about this issue include also the non-diabetic
patients besides diabetic patients and the
number of the patients in these studies are not
high enough to indicate any significant
differences between different treatment

regimens.

In this study, the microorganisms reproducing in
the wound site, and the antimicrobials to which
they are resistant were determined
retrospectively in patients with diabetic foot
infections, so avoidance of such antimicrobials is
intended. The aim the present study was to
present the pathogen microorganism
populations in Wagner grade 3 and 4 diabetic

foots and their antibiotic resistances.

MATERIAL AND METHODS

Ninety patients with type 2 DM who were
followed with the diagnosis of diabetic foot
infection were retrospectively scanned for the
results of their wound culture and antibiograms.
Patients' data regarding age, sex, type and
duration of diabetes, presence of diabetic
complications, and physical examinations were
accessed from patient records. Localization of
diabetic ulcers were documented and classified
according to the Wagner classification.
Leukocyte counts, erythrocyte sedimentations
rates (ESR), C-reactive protein (CRP) levels, X-ray
films of the involved extremity for osteomyelitis
findings were collected and documented. The
microbiological samples were analysed both
conventionally and by automatized systems.
Antibiograms were evaluated according to the
National Committee for Clinical and Laboratory

Standards (NCCLS).

RESULT

Among the total 90 diabetic patients with foot
ulcers, 67 were male (74.4%) and 23 were female
(25.6%). Mean age was 52 (37-78) years. All
patients were diagnosed with type 2 DM and in
follow up by endocrinologists. Eight patients had
a diabetic foot infection with acute onset, 82
patients were presented with subacute or
chronic ulcers. Sixty three patients were being
treated with insulin and 23 patients were being
treated with oral antidiabetics. Four patients
were not on any antidiabetic drugs. Twenty three
patients had diabetic nephropathy and 56 of the

patients had diabetic retinopathy. Sixteen
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patients had triphasic lower extremity arterial
blood flow, 48 had biphasic and 36 had
monophasic blood flow. Radiological findings of
42 patients with infected diabetic foot ulcers
suggested osteomyelitis. According to the
Wagner classification, 48 had stage Ill and 42

patients had stage IV ulcers (Figure 1).

Figure 1:
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When the localization of ulcers was evaluated, 63
patients had ulcers at the level of and distal to
the metatarsophalangeal joint, whereas 27
patients had lesions proximal to this level. All
patients underwent debridement, and superficial
and deep wound cultures were taken with tissue
biopsies and culture swabs. Seventeen patients
underwent a distal amputation in the first
debridement and 25 more patients eventually
underwent distal amputation after several
debridements. In 48 patients, wound healing was
achieved by serial debridements together with
appropriate  antibiotic use according to
antibiograms and wound reconstruction. When
the results of the cultures were analysed, Gram
(-) microorganism were isolated in 124 samples,
and Gram(+) microorganisms were isolated in 37
samples (Figure 2). Isolated microorganisms
were then seeded on antibiogram disks, which

had 17 different  antibiotics. Isolated

microorganisms, in descending order, were
19.2% E.coli (31/161), 16.1% P.aeruginosa
(26/161), 8.7% Staphylococcus aureus (14/161),
8.1% Proteus mirabilis (12/161), 7.4% Serratia
mercecens (12/161), 6.2% Enterococcus species
(10/161), 4.9% Proteus vulgaris (8/161) (Figure
3). Thirty two percent (29/90) of the infections

were polymicrobial.

Figure 2:
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Levofloxacin and ciprofloxacin resistances were
observed in 8 of 10 (80%) patients who had
Enterococcus species in their culture. Among 14
patients who had Staphylococcus 4 (28.5%) had
oxacillin and 6 (42.8%) had ampicillin resistance.
Pseudomonas aeruginosa was isolated in 26
patients, 10 (38.4%) were resistant to
piperacillin-tazobactam and 10 were resistant to
amikacin. E.coli was isolated in 31 patients, 20
(64.5%) of which were resistant to piperacillin-

tazobactam and 17 (54.8%) were resistant to

Abant Med J 2017;6(2):38-47
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ciprofloxacin.  Multi-drug  resistance  was

detected in 31.6% of the isolated bacteria.

Because of technical restrictions anaerobic
cultures were not used in the study. Isolated
Gram (+) microorganisms are shown in Table 2
and Gram (-) microorganisms are shown in Table

3.

Table 2. Distribution of antibiotic resistant strains of Gram positive bactena isolated

ANTIBIOTIC  Enterococcus Spp. Streptococcus Spp. S. Aureus
Levofloxacin 8 2 4
Cefoxitin 0 0 3
ciprofloxacin 8 - 1
Oxacillin 2 1 4
Penicillin 6 0 6
Ampicillin T 0 é
Vancomycin 0 a 0
TMP/SMX 4 1 3
Rifampicin - 1 2
Erythromycin - 1 2
Tetracycline 7 1 2

Table 3. Distribution of antibiotic resistant strains of Gram negative bacteria isolated

ANTIBIOTIC S, Marcescens P.Vulgaris P.Mirabilis  P. Aeruginosa E. Coli

Ampicillin 6 5 8 - 17
PTZ 1 2 4 10 20
Cefuroxime 6 4 3 1 11
Ceftriaxone 3 2 - 11
Ceftazidime 2 ] 11
Cefepime 2 [ 11
Meropenem 2 3 0

Ciprofloxacin 2 i) 17
Amikacin - 1 - 10 0

Gentamicin - - - 11 14
TMP-SMX - 5 8 1 17

(TMP — SMX : Trimethoprim / Sulfamethoxazole) (PTZ: Piperacillin-Tazobactam)

DISCUSSION
Diabetic patients are prone to develop chronic

wound infections because of the immune
deficiency, macro- and micro-vascular
angiopathy, and diabetic neuropathy. Diabetic
foot ulcers are one of the most unwanted
complications of diabetes, which causes chronic
infections, causing excess antibiotic usage,

prolonged hospitalization, and increased overall

cost of treatment. Microbiological analysis of

diabetic foot infections is essential since a timely
treatment directed against the specific
microorganism is particularly important in
diabetic patients. Difficulties in specimen
transport, presence of anaerobic
microorganisms, and polymicrobial nature of the
infections can cause problems and difficulties in
isolation of the responsible pathogen (14-18). In
most cases it is hard to determine the presence
and extent of infection. It is particularly
important to diagnose deep abscesses that may
end up with the loss of the extremity or even the
patient’s death. The local and systemic signs of
infection such as erythema, pain, warmth and
tenderness may not be evident in some diabetic
patients with abscesses and osteomyelitis.
Clinical, hematologic and bacteriologic tests may
yield false negative results in patients with
diabetic foot infections. Systemic findings, such
as fever, are not evident in almost % of patients
even though the extent of infection of the
involved extremity is serious enough to end up
with the loss of the extremity (13). Also some
hematologic findings, like leucocytosis, may not
be present in some patients. Defining the extent
of tissue injury and isolating the causative
microorganism are the main steps in the
treatment of diabetic foot ulcers. For this
purpose, several classifications are suggested.
Wagner classification is generally preferred
because of the ease of its implementation
(12,13). There are several methods for the
isolation of the causative microorganism. These

are swab culture, curettage, DTC/bone culture,

Abant Med J 2017;6(2):38-47
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and needle puncture. Swab and curettage
cultures have a high risk of contamination since
there is a contact with the skin flora, while
DTC/bone cultures and needle punctures are
considered as gold standards with a minimal

contamination risk.

The non-limb-threatening infections in the form
of mild cellulitis are also usually polymicrobial.
However, in these mild cases, monomicrobial
infections are usually caused by Staphylocci
species. In these infections Gram (-) bacilli and
anaerobes are not isolated as a monomicrobial
etiologic factor. Pseudomonas aeruginosa is
more commonly isolated in hospitalized patients.
Lipsky et al. reported that among non-
hospitalized patients, diabetic foot infections are
46% monomicrobial and 47% polymicrobial.
Anaerobes are isolated in about 13% of the
infections. In our study, diabetic foot infections
are 68% monomicrobial and 32% polymicrobial.
The results of this study is summarized in Table 4

(19).

Table 4. Commonly isolated microorganisms in serious diabetic foot infections (%)

Grayson 1994%%% Bamberger 1987%* ‘Wheat 1986*
Monomicrobial 16 16 29
Polymicrobial 80 84 69
No growth 4 - 2
Acrobe only 58 19 59
Aerobe+Anaerobe 40 78 41
Only anacrobe 2

*19); *¥(20) ; ***(1D)

According to the literature anaerobic bacteria
take part in most of the diabetic foot infections
especially in deeply located ones (20). Gram (-)
anaerobic bacilli are found in lesser amounts.

Clostridium species are the least encountered

ones (21,22). Gram (+) anaerobes being sensitive
to most of the antimicrobials including penicillin
are not determinants of the treatment decision.
Including the species of bacteroides which can
have multi-resistant properties, Gram (+)
anaerobic bacilli are detected less frequently, but
due to their antimicrobial resistance, they
deserve consideration (20,23). In cases of
diabetic foot infections, previous use of
antibiotics in patient’s history can give an idea
about the infectious agent(s). In these patients,
the bacteria that are not included in the
spectrum of the currently given antibiotic give
rise to the infection. Also the pattern of
resistance may differ according to the given
antibiotic. Similarly, when compared with
community acquired infections, more resistant
bacteria strains are detected in nosocomial

infections (13,20,24).

In different studies among Wagner Stage <2
patients the swab cultures had predicted with
82%-90% accuracy the microorganisms grown in
the deep tissue biopsies. This percentage was
found to be 30%-78% among stage >3 patients
(25,26). There have been an increase in the true
prediction rates of swab cultures in the recent
years due to improvements in swab techniques
and, as a result, a decrease in the contamination

risks has been observed (27).

Severe diabetic foot infections are generally of
polymicrobial etiology whereas mild to moderate
infections have a single pathogen. Even though

the causative microorganisms are usually Gram

Abant Med J 2017;6(2):38-47
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(+), severe and life threatening infections are
commonly caused by Gram (-) and anaerobic

bacteria (28,29).

Patients without a prior antibiotic treatment are
generally present with Gram(+) cocci
monobacterial infection. Severe and extremity
threatening infections are almost always mixed
type of infections and responsible
microorganisms are, in addition to Gram+
bacteria, E.coli, Proteus spp., Klebsiella spp.,
Morganella morganii, Enterobacteriacea spp.,
Pseudomonas aeruginosa, Bacteroides spp.,

Clostridium spp. (14,16,30,31).

In different studies, different pathogens have
been observed to be the most common cause.
For example, Sert et al. reported the most
common isolated microorganisms as S. aureus,
KNS, Enterococcus spp., P.aeruginosa, and E.coli,
in descending order (32). In our study the most
commonly isolated microorganisms are E.coli,
P.aeruginosa, and S.aureus. These
microorganisms were usually found in the stool.
In this study, because of the low socio-economic
status of our patients who mostly live in

unhygienic environment, these factors were

more frequently isolated.

Motta et al. reported in their study involving 138
patients with diabetic foot infections that
Enterobacteriaceae spp. were commonly
isolated with K.pneumonia (21.2%), Morganella
morganii (19.9%), and E.coli (15.4%). In the same
study, it was reported that 6% of the isolated

microorganisms produce extended-spectrum

beta lactamases, which suggests that antibiotic
resistance in Gram (-) microorganisms become
more prevalent even in community acquired

infections (33).

In 2006, Tentolouris et al. reported in their study
involving 84 infected and non-infected diabetic
foot ulcer patients that the most commonly
isolated microorganism was S.aureus, 50% of
which was methicillin-resistant S.aureus (34). In
our study, the most commonly isolated
microorganisms were E.coli, P.aeruginosa, and

S.aureus.

Arterial perfusion of the involved extremity is the
primary determinant of the effective antibiotic
concentration in the tissue in addition to
pharmacodynamic properties of the antibiotic. In
the literature, studies are not considered to be
reliable enough to compare the effects of
different antibiotic regimens, mainly because of
the heterogeneous properties of the diabetic
patients with foot ulcers and the insufficient
standardization of the compared groups. These
studies also confer the need for more detailed
classification systems for diabetic foot ulcer
infections. In the recent treatment guidelines,
ampicillin-sulbactam, clindamycin-ciprofloxacin,
piperacillin-tazobactam, and imipenem-cilastatin
are the most commonly suggested antibiotic
regimens in patients with moderate to severe

diabetic foot infections (2,15).

In a study evaluating the efficacy of piperacillin-
tazobactam in 23 patients with Wagner stage 1

to 4 diabetic foot infections, 97% recovery is

Abant Med J 2017,6(2):38-47
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reported (35). In another study, in which
piperacillin-tazobactam is compared with
another antibiotic -ertapenem- the recovery rate
from infection was reported to be 71% (14).
Grayson et al. reported that, when imipenem-
cilastatin is compared with ampicillin-sulbactam,
clinical cure rate was 81% and microbiological

cure rate was 75% for imipenem-cilastatin (36).

A multidisciplinary approach is needed in the
treatment of diabetic foot infections. Antibiotic
treatment is a major component of the
treatment protocol of these infections. Surgical
treatment combined with empirical antibiotic
treatment with broad antibiotics directed against
the most possible microorganisms was shown to
decrease morbidity and mortality (37). In mild
superficial infections, which are usually caused
by Gram (+) cocci, more specific-narrow
spectrum antibiotics should be preferred,
whereas in more severe infections, broad-
spectrum antibiotics, which are effective against
anaerobic

Gram (+), Gram(-), and

microorganisms, should be preferred (38,39).

There is no consensus about the duration of
antimicrobial treatment in patients with diabetic
foot ulcers. The duration of treatment should be
determined according to the stage of the
infected wound. Recently, it has been accepted
that a 14-day treatment is considered to be
sufficient for low risk infections. For severe and
high risk infections, the duration of treatment
varies according to the general status of the

patient and the severity of the infection. In

patients with infected ulcers extending deep into
the underlying bones and causing osteomyelitis,
if an amputation is performed, a two-week
antibiotic therapy may suffice, whereas if
amputation is not performed, an antibiotic
treatment of at least 6 weeks will be needed

(40,41).

Technical restrictions that preclude the use of
anaerobic cultures, heterogeneity of patient
groups, lack of correlation between severity of
infection and infection markers were the major

limitations of this study.

Diabetic foot infections are a common heath
problem since they decrease life quality, increase
treatment and hospitalization costs, and increase
morbidity and mortality of the diabetic patients.
Uncontrolled antibiotic use is known to increase
bacterial resistance, hence complicate the
infections and make it difficult to treat these
infections with frontline antibiotics (10). For
these reasons, the prevention of diabetic foot
infections is important for the community as well
as for the economy. As a result, the classification
of diabetic foot wounds, isolation of the
pathogenic bacteria is the main steps to
determine the appropriate treatment protocol,
which may change from patient to patient. Since
common pathogens are different in our study
from the literature, surgeons should be aware of
common antibiotic resistance in diabetic foot

patients.
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