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ABSTRACT
Objective: To study the relative frequency of bacterial isolates cultured from diabetic foot
infections and assess their in vitro susceptibility to the commonly used antibacterial agents.
Methodology: In total 32 hospitalized diabetic patients with foot infections were investigated.
Deep tissue biopsies were inoculated into freshly prepared Thioglycollate broth medium.
Bacterial agents were identified by conventional bacteriologic methods. Sensitivity tests were
performed according to standard disc diffusion method of Kirby & Bauer.
Results: Clinical grading and bacteriological study of 32 patients with diabetic foot lesions
revealed polymicrobial etiology in 16 (50%) and single etiology in 10 (31.2%) and six negative
cultures. Aerobic Gram-positive bacteria accounted for 42.9%. Staphylococcus aureus was the
most frequent microorganism yielded (26.2%), and Staphylococcus epidermidis was regularly
associated with the lesions (14.3%). Gram-negative rods accounted for 54.8%. Escherichia coli
was the most predominant gram negative organism (23.8%). No anaerobes were isolated from
the ulcers. All the microorganisms isolated showed high resistance to used antibiotics, amongst
them, Staphylococcus aureus and Pseudomonas aeruginosa were the most resistant bacteria in
present study.
Conclusion: Staphylococcus aureus, Escherichia coli, Staphylococcus epidermidis and Proteus
vulgaris were the most common causes of diabetic foot infections in present study. And the rate
of antibiotic resistance was 65% among the isolates. Due to polymicrobial infection and antibiotic
resistance, surgical intervention must be concerned.
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INTRODUCTION

Foot ulcers are a significant complication of
diabetes which are the most common cause of
nontraumatic lower extremity amputations in
the industrialized world. The risk of lower
extremity amputation is 15 to 46 times higher
in diabetics than in persons who do not have
diabetes mellitus.1,2 Furthermore, foot compli-
cations are the most frequent reason for hospi-
talization in patients with diabetes.

Careful inspection of the diabetic foot on a
regular basis is one of the easiest, least expen-
sive and most effective measures for prevent-
ing foot complications. Appropriate care of the
diabetic foot requires recognition of the most
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common risk factors for limb loss. Many of these
risk factors can be identified based on specific
aspects of the history and a brief but system-
atic examination of the foot.3,4

Foot infections are the most common com-
plications of diabetic foot and plays a main role
in the development of moist gangrene.5

Pseudomonas spp., Enterococcus spp. & Proteus
spp. carry a special role and are responsible
for continuing and extensive tissue destruction
with the poor blood circulation of the foot.6 A
high frequency of anaerobic infection has also
been reported.7 Patients with diabetes also can
have a combined infection involving bone and
soft tissue called fetid foot. This extensive soft
tissue and bone infection causes a foul exudate,
is chronic, and usually requires extensive sur-
gical debridement and/or amputation. In gen-
eral, people with diabetes have infections that
are more severe and take longer to cure than
equivalent infections in other people.

The infection leads to the early development
of complication even after a trivial trauma, the
disease progresses and becomes refractory to
antibacterial therapy.8,9 It is essential to assess
the magnitude of bacterial infection of the le-
sions to avoid further complications and save
the diabetic foot. Early diagnosis of micorbial
infections is aimed to institute the appropriate
antibacterial therapy and to avoid further com-
plications.7,10 However, these infections are dif-
ficult to treat because these patients have im-
paired microvascular circulation, which limits
the access of phagocytic cells to the infected
area and results in a poor concentration of
antibiotics in the infected tissues. For this rea-
son, cellulitis is the most easily treatable and
reversible form of foot infections in patients
with diabetes. Deep skin and soft tissue infec-
tions also usually are curable, but they can be
life threatening and result in substantial long-
term morbidity.11

In terms of the infecting microorganisms and
the likelihood of successful treatment with
antimicrobial therapy, acute osteomyelitis in
people with diabetes is essentially the same as
in those without diabetes. Chronic osteomy-
elitis in patients with diabetes mellitus is the

most difficult infection to cure. Adequate sur-
gical debridement, in addition to antimicrobial
therapy, is necessary to cure chronic osteomy-
elitis.12 To study the relative frequency of bac-
terial isolates cultured from diabetic foot infec-
tions and assess their in vitro susceptibility to
the commonly used antibacterial agents, a pro-
spective microbiological study was carried out
and results are presented here.

PATIENTS AND METHODS

A total of 32 hospitalized patients with dia-
betic foot lesions from Infectious Disease unit
of Razi Medical School hospital, Ahwaz, Iran,
were screened between March 2004 and
March 2006. These patients were clinically as-
sessed and the foot lesions were graded de-
pending on the severity of lesions with 3 to 5
as grade 3 - deep ulcer, abscess formation and
bone involvement; grade 4 - localized gangrene
and grade 5 - gangrene of whole foot,13 and
based on twice fasting blood sugar test of more
than 126mg/dl.

Pus aspirates from the abscesses and debrided
necrotic materials were collected for aerobic
and anaerobic culture using punch biopsy. A
Gram stained direct smear of the specimen was
examined. The specimens were cultured on
blood agar, MacConkey agar, Thioglycollate
broth and Robertson’s cooked meat media for
aerobic and anaerobic culture. The bacterial
isolates were identified by conventional bio-
chemical tests.14 Antimicrobial susceptibility
testing was performed by Kirby Bauer’s disc
diffusion method according to National Com-
mittee for Clinical Laboratory Standards
(NCCLS) guidelines.15 The patients were
treated with antibacterial agents according to
culture and antibacterial susceptibility pattern.

RESULTS

Among 32 patients with diabetic foot, 17
were male and 15 were female patients and
the age ranged from 35 to 65 years with mean
age being 47 years. Clinical grading and
acteriological study of patients revealed
polymicrobial aetiology in 16 (50%) and single
etiology in 10 (31.2%). Bacteriology culture
yielded negative results in six patients. These



   Pak J Med Sci   2007   Vol. 23   No. 5      www.pjms.com.pk   683

Diabetic Foot Ulcer

were patients with burn graded 3 and 4.  The
variety of bacteria in rest of patients was simi-
lar. The number of types of bacterial isolates
are given in Table-I.

Aerobic Gram-positive bacteria accounted
for 42.9%. Staphylococcus aureus was the most
frequent microorganism yielded (26.2%), and
Staphylococcus epidermidis was regularly asso-
ciated with the lesions (14.3%). Gram-negative
rods accounted for 54.8%. Escherichia coli was
the most predominant gram negative organ-
ism (23.8%). The other most frequent isolated
gram negative aerobic bacilli were Proteus
mirabilis (9.5%), Pseudomonas aeruginosa,
Enterobacter spp.  and Morganella spp. (4.76
each). No anaerobic bacteria were isolated
using standard anaerobic culture system.

Antibacterial susceptibility testing revealed
that, Staphylococcus aureus isolates were resis-
tant to all tested antibiotics except for
Ciprofloxacin and Amikacin, which the sensi-
tivity rates were 91% and 80% respectively. All
the gram negative isolates were resistant to
Cloxacillin, Amoxycillin, Clindamycin and
Vancomycin except that 50% of isolates of
Proteus mirabilis which were susceptible to
these antibiotics. The gram negative isolates
showed high resistance to Cephazolin and
Ceftriaxone as well. Psudomonas aeruginosa was
the second most resistant isolate with resistance
to all antibiotics used expect sensitivity of 100%
to Ciprofloxacin and 50% to Ceftriaxone. The
frequencies of resistance of isolates are given
in Table-II.

DISCUSSION

Foot ulcers are a significant complication of
diabetes and often precede lower extremity
amputation. The most frequent underlying eti-
ologies are neutropathy, trauma, deformity,
high plantar pressures, and peripheral arterial
disease.16 Although infection is rarely impli-
cated in the etiology of diabetic foot ulcers, the
ulcers are susceptible to infection once the
wound is present.

All the patients in this study were hospital-
ized due to the severity of their foot ulcers
which categorized into grade 3 to 5. We could
not find any significant differences between the
variety of isolated organisms and the grade of
ulcers but the load of the same organisms were
higher in patients with grade 5.  S. aureus was
the commonest isolate, which was in agree-
ment to studies of Tahaway17 and Unachukwu

Table-II: The frequency of resistance to used antibiotics among isolates n(%)
Bacteria CLOX CLIN AMX CRO CAZ VAN CP

S. aureus 10(91) 6(54) 10(91) 9(81) 8(72) 7(63) 1(9)
S. epidermidis 5(83) 4(66) 5(83)   - - -   - - - 4(66)   - - -
E. coli 10(100) 10(100) 10(100) 8(80) 8(80) 10(100) 8(80)
Enterobacter 2(100) 2(100) 2(100) 2(100) 2(100) 2(100) 1(50)
P. vulgaris 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 0(0)
P. mirabilis 2(50) 2(50) 2(50) 2(50) 3(75)   - - - 1(25)
K.neumoniae 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 0(0)
Morganella 1(100) 1(100) 1(100) 1(100) 1(100) 0(0) 1(100)
Citrobacter 1(100) 1(100) 1(100) 1(100) 1(100) 0(0) 1(100)
Ps. aeruginosa 2(100) 2(100) 2(100) 1(50) 2(100) 2(100) 0(0)

CLOX: Cloxacillin; CLIN: Clindamycin; AMX: Amoxycillin; CRO: Ceftriaxon;
CAZ: Ceftazidime; VAN: Vancomycin; CP: Ciprofloxacin.

Table-I: The number of types of bacterial isolates
from patients with diabetic foot ulcer

Bacteria n (%)

Staphylococcus aureus 11 (26.19)
Escherichia coli 10 (23.8)
Staphylococcus epidermidis 6 (14.3)
Proteus mirabilis 4 (9.5)
Pseudomonas aeruginosa 2 (4.76)
Enterobacter spp. 2 (4.76)
Morganella spp. 2 (4.76)
Proteus vulgaris 1 (2.4)
Klebsiella spp. 1 (2.4)
Citrobacter spp. 1 (2.4)
Diphtheroid 1 (2.4)
Yeast 1 (2.4)
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et al.18 Sixteen patients revealed two or three
types of mixed bacterial infection; (a) in seven
patients S. aureus was recovered along with
either E. coli, Klebsiella spp. or S. epidermidis;
(b) in nine patients E. coli was recovered along
with S. aureus, S. epidermidis or other gram
negative bacilli. Single type of bacteria was
isolated in 10 patients. These findings was in
favour to other studies showing the
polymicrobial infections in patients with
diabetic foot.9,19

Based on the results from susceptibility test-
ing, the isolated bacteria showed 65% resis-
tance to used antibiotics. This was a higher
resistance compared to similar work of
Hartemann et al. which they yielded 18%
multidrug resistance.20 S. aureus showed high
resistance to Cloxacillin (91%), Amoxycillin
(91%), Ceftazidime (72%), Vancomycin (63%)
and Clindamycin (54%), which the resistance
was higher compared to study of Pathare et
al, as they reported 40% resistance in this or-
ganism to similar antibiotics.9 S. aureus showed
good sensitivity to Ciprofloxacin as the similar
results were reported previously by Tahawy.17

All the gram negative isolates showed 100%
resistance to used antibiotics except for Proteus
mirabilis which the resistance rate was 50%.
Besides isolates of Klebsiella, Proteus vulgaris
and Pseudomonas aeruginosa were fully sensi-
tive to Ciprofloxacin.

It seems that the status of multidrug resis-
tance among the majority of isolates in present
study, was not associated with patient char-
acteristics (age, sex, type and complications of
diabetes), wound duration or wound type
(neuropathic or ischaemic), while a history of
previous hospitalization for the same wound
was very important in emergence of resistant
organisms.

In conclusion Staphylococcus aureus, Escheri-
chia coli, Staphylococcus epidermidis and Proteus
vulgaris were the most common causes of
diabetic foot infections in present study. And
the rate of antibiotic resistance was 65% among
the isolates. Due to polymicrobial infection and
antibiotic resistance, surgical intervention must
be concerned.
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