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Introduction: Diabetic foot infections are one of the most severe complications of
diabetes. This study was aimed to determine the common bacterial isolates of
diabetic foot infections and the in vitro antibiotic susceptibility then treatment.
Methods: A swab was taken from the foot ulcer, and the aerobic bacteria were
isolated and identified by cultural, microscopic and biochemical test, then by api-
20E system. After that their antibiotic susceptibility pattern was determined. Then
local and systemic treatment was used to treat the diabetic foot patients.

Results: Bacterial isolates belonging to twelve species were obtained from
diabetic foot patients. Gram (-) bacteria were the predominant pathogens in the
diabetic foot infections, high percentage recorded by Klebsiella pneumoniae
(25.71%). Polymicrobial infection was observed in 72% patients. Imipenem was
the most affected antibiotic in susceptibility test, except for Acinetobacter spp.
that resist for all antibiotic used, followed by amikacin and ciprofloxacin. Local
treatment gave more inhibitory effect on diabetic foot infections than the systemic
treatment.

Conclusion: High prevalence of multi-drug resistant pathogens was observed.
Gram (-) bacteria especially Klebsiella pneumoniae was the predominant
pathogens in the diabetic foot infections, and Staphylococcus aureus was the
most common of Gram (+) bacteria. Local treatment was the best for treatment of
diabetic foot infection patients.

Introduction

Foot ulceration or infection is one of the leading causes of
human mortality and morbidity. It represents a severe
complication of diabetes and the most common cause of
diabetes associated hospital admissions (Lavery et al.,
2007 Diabetic foot is characterized by several
pathological complications such as neuropathy, peripheral
vascular disease, foot ulceration and infection with or
without osteomyelitis, leading to development of gangrene
and even necessitating limb amg)utation ( Anandi et al.,
2004 @ : Khanolkar et al., 2008 ©.

Diabetic ulcers have 15 to 46 times higher risk of limb
amputation than foot ulcers due to other causes (Alavi et
al., 2007 1t is predicted that the number of people with
diabetes will rise from an estimated 171 million in 2000 to
366 million in 2030 (Wild et al., 2004) ®" Diabetic foot
infections are often polymicrobial in nature (Gadepalli et
al., 2006 © ; Alavi et al., 2007 ). The increasing
association of multi-drug resistant (MDR) pathogens with
diabetic foot ulcers is the most problem faced by the
physician or the surgeon in treating diabetic ulcers without
resorting to amputation (Yoga et al., 2006)

Initial therapy of diabetic foot infections is frequently
empiric because reliable culture data is lacking. There is
variability in prevalence of common bacterial pathogens

isolated between Gram (+) and Gram (-) bacteria, as shown
(Viswanathan et al., 2002'®" So, this study was performed
to determine the common etiological agents of diabetic foot
infections and their in vitro susceptibility to routinely used
antibiotics. The treatment of patients with diabetic foot
infections by local and systemic agents were also studied.

Methods:

Processing of specimens: A swab from the ulcer of
diabetic foot patients was obtained. The specimens were
taken immediately to the microbiology laboratory and
processed without any delay. The specimens were
inoculated on blood agar and MacConkey agar for isolation
of aerobic bacteria. After 24 hours incubation at 37°C, the
bacterial isolates were identified based on standard
bacteriological methods.

Antibiotic susceptibility testing: Antibiotic susceptibility
testing was performed by Kirby Bauer’s disc diffusion
method according to National Community for Clinical
Laboratory Standards, NCCLs, (2002)*? Amoxicillin-
clavulanic acid, piperacillin, tetracycline, ciprofloxacin,
gentamicin, amikacin, Cefotaxime, erythromycin,
netilmicin,  vancomycin,  Ampicillin,  Aztreonam,
Chloramphenicol, Ticarcillin-Clavulanic acid, Ticarcillin
and imipenem were tested for bacterial isolates .
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Treatment of the patients: Treatment of
was carried out at the Hospital . At the beginning, 1V
patients were divided into two groups (A ,B), each
contained 30 patients, while the other 7 patients have no
bacterial growth therefore they did not treated. Systematic
(oral) treatment was used for group A, and a local
treatment for group B. In the systemic treatment, a swab

patients

was  taken from each patient for identification of
pathogenic isolates and testing their susceptibility for
antibiotics to chose the most affected one. The chosen
antibiotic was administrated to the patient for 3 weeks,
then a second swab was taken from each patient to
determine effect of the systemic treatment on the
diabetic foot infection. In the local treatment, after taken
a swab from the patients and identifying the causative
bacterial pathogen, each patient was supplied with the
therapeutic agents, and asked to use it. Another swab
was taken from the diabetic foot ulcer, after one week, to
detect the effect agents on the infecting bacteria. This
procedure was repeated for four consecutive weeks.
Results:

From the 67 patients with diabetic foot, 64% were male
and 36% were female. The age ranged from 28-75 yrs. On
the other hand, the duration of diabetes mellitus was
between 4 to 35 yrs, while that of infection was from 1
week to 20 yrs. A total of 105 bacteria were isolated from
these patients. The bacteria isolated from the diabetic foot
ulcers are summarized in table 1. One type of pathogenic
bacteria was detected in 17 (28%) of 60 infected patients,
while 43 (72%) of the patients were infected with more
than one types (Polymicrobial infection) ; 41(69%) of
them with two types and 2(3%) with three types of
pathogens. On the other hand, no any bacterial type was
detected in the rest ( 7, 10.45%) of the patients. Gram (-)
bacteria were the predominant pathogens in the diabetic
foot infections.

Species of bacteria No. %
Klebsiella pneumoniae 27 25.71
Pseudomonas aeruginosa 20 19.04
Staphylococcus aureus 18 17.14
Escherichia coli 13 12.38
Proteus mirabilis 12 11.47
Citrobacter freundii 5 4.76
Acinetobacter baumannii 2 1.90
Enterobacter cloacae 2 1.90
Morganella morganii 2 1.90
Pseudomonas fluorescence 2 1.90

Aeromonas hydrophila 1 0.95
Serratia marcescens 1 0.95
Total 105 100

Results of the antibiotic susceptibility testing declared that,
with exception of Acinetobacter baumannii, all bacterial
isolates were completely sensitive to imipenem.
Susceptibility of most bacterial isolates to the amikacin was
also reported in this study, From the Enterobacteriaceae
isolates, E. coli showed the highest resistance to the
antibiotics used in the study. Adversely, E. coli appeared
sensitive to only imipenem and amikacin.

Pseudomonas  aeruginosa resisted penicillin,
cephalosporin and  chloramphenicol, but sensitive to
aminoglycosids and carbapenem. Aeromonas hydrophila
showed resistance to penicillin group and sensitive to
aminoglycosids. While S. aureus found to be sensitive to
amikacin, gentamycin and ciprofloxacin, and resistant to
erythromycin and ampicillin. Resistance of all isolates to
the penicillin group and cephalosporin group also found in
this study.

Discussion:

Diabetic foot ulcer is chronic and non-healing due to
several factors such as neuropathy, high plantar pressures
and peripheral arterial disease (Frykberg et al., 2000) (9) .
Such chronic long-standing ulcers are more prone for
infection which delays the wound healing process In this
study, Gram (-) bacteria were the predominant pathogens in
the diabetic foot infections, Similar findings were also
recorded by various studies such as (Shankar et al., 2005
(10) ; Gadepalli et al., 2006 (6) ; Alavi et al., 2007(4) ;
Raga, 2007 (11) ; Ekta et al., 2008 (12) ). But in the
studies of Mantey et al., (2000) (13), Dang et al., (2003)
(14) and Diane et al., (2007) (15), Gram (+) bacteria was
found to be the predominant organisms in the diabetic foot
infections. One type of pathogenic bacteria was detected
in 17 (28%) of 60 infected patients, while 43 (72%) of the
patients were infected with more than one types
(Polymicrobial infection). Polymicrobial infection was
also observed by several other studies such as (Wight-
Pascoe et al., 2001(16) ; Anandi et al., 2004(2) ; Altrichter
et al., 2005 (17) ; Shankar et al., 2005 (10) ; Alavi et al.,
2007(4) ). Adversely, Viswanathan et al., (2002) (8) and
Raga (2007) (11) detected only one type of bacteria in the
patients of DFI. Results declared that, all bacterial isolates
were completely sensitive to imipenem. In this regard,
Livermore et al. (2001) (18) found that imipenem have
strong activity against most Enterobacteriaceae bacteria.
Susceptibility of most bacterial isolates to the amikacin was
reported in this study, which is closed to that found by
Paterson et al. (1999) (19) who reported high sensitivity
to amikacin among bacterial isolates of their study.
Umadevi et al. (2011) (20) also detected that the members
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of Enterobacteriaceae were found to be susceptible to
amikacin.

Resistance of all isolates to the penicillin group and
cephalosporin group also found in this study, and this may
be related to isolates-possessing of - lactamase enzymes
(Levinson and Jawetz, 2000)®” . Another reason for the

resistance is production of the extended spectrum R-
lactamase (ESBL) or other enzymes, such as AmpC R-
lactamases, capable of hydrolyzing the extended-spectrum
cephalosporins (Rice et al., 2003)? .From the
Enterobacteriaceae isolates, E. coli showed the highest
resistance to the antibiotics used in the study. This may be
because E. coli is easily acquires the resistance factor
from environment and easily resisted penicillin derivatives
drug like ampicillin (Wazait et al., 2003/

Results declared that Acinetobacter baumannii  were

completely resistant to all 16 antibiotics which may be relatedo.

to factors, such as Beta-lactamase (Higgins et al., 2013) ¥

Biofilm formation is a second factor where A. baumannii is

able to form biofilms for its survival (Espinal et al.1l.

2012)®) In addition, adherence of A. baumannii to
epithelial cells of the outer membrane also involves in
survival of bacteria (Choi et al., 2008)“"

After comparing the two ways of applying the

pharmaceutical agents, local treatment, especially rifoc ing3.

was found to be the superior for treatment of diabetic foot
infection. It is effective especially when accompanied by
appropriate wound care as a therapeutic alternative to a
broad-spectrum oral antibiotic agent.
treatment appears to be safe and may avoid the opportunity
of resistant bacteria that can develop after oral systemic

antibiotic therapy (Lipsky et al., 2008) @. Local treatment™"

has also the advantages of avoiding systemic adverse
effects, providing increased target site concentration and
allowing the use of agents not available for systemic

therapy (Lio and Kaye 2004) “® They added that this is6.

another reason made topical treatment be the best for
treatment of diabetic foot infection. An acceptable topical
anti-infective agent would need to demonstrate activity
against the spectrum of bacteria that are known to caus
DFI, and it would need to avoid serious adverse effects,

interference with wound healing, or induction of drugg

resistance.
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