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ABSTRACT 

Introduction: Foot infections are one of the major complications of diabetes mellitus and a significant 

risk factor for lower extremity amputation. Providing effective antimicrobial therapy is an important 

component in treating these infections. This study assesses the microbial isolates of patients with dia-

betic foot infections and their antibiotic susceptibility pattern. Materials and Methods: A retrospective 

study of 75 patients with diabetic foot infections admitted to RIPAS hospital between June 2008 and 

June 2010 was undertaken. Bacteriological specimens were obtained and processed using standard 

hospital procedure for microbiological culture and sensitivity testing. Results: Overall, 40 (54%) pa-

tients had subcutaneous infections, 22 (29%) had infected superficial ulcers, seven (9%) had infected 

deep ulcers involving muscle tissue and six (8%) had osteomyelitis. A total of 98 pathogens were iso-

lated. Forty percent of the patients had polymicrobial infection, 39 (52%) had single organism and 6

(8%) had no growth. Gram-negative bacteria (67%) were more commonly isolated than gram-positive 

bacteria (30%). The three most frequently found gram-positive organisms were Staphylococcus aureus 

(10.2%), Streptococcus pyogenes (7.1%) and Methicillin resistant Staphylococcus aureus [MRSA] 

(7.1%) and the most common gram-negative organisms were Pseudomonas aeruginosa (19.4%), 

Klebsiella pneumoniae (15.3%), and Acinetobacter spp. (10.2%). Vancomycin was found to be the 

most effective against gram-positive bacteria whereas Amikacin was the most effective against gram-

negative bacteria based on antibiotic testing. Conclusion: 40% of diabetic foot infections were po-

lymicrobial. Staphylococcus aureus and Pseudomonas aeruginosa were the most common gram-

positive and gram-negative organisms respectively. This study helps us to choose the empirical antibi-

otics for cases of diabetic foot infections. 
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INTRODUCTION 

Diabetes mellitus is a major public health 

problem. According to the latest Brunei Da-
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russalam Health Statistics (2005-2009), dia-

betes mellitus was recorded to be the third 

leading cause of death ranging from 8.5% to 

11.9%. It was also noticed that, over these 

years, there was a gradual increase in the 

number of outpatient and inpatient diabetes 

mellitus-related morbidity. 1  



One of the chronic complications re-

lated to diabetes mellitus is foot pathology.  

This is due to multiple precursors mainly neu-

ropathy, peripheral vascular disease and im-

paired wound healing. They can present as an 

ulcer, Charcot’s joint, gangrene and foot in-

fection. Foot infection is one of the leading 

causes of diabetes-related admission to hos-

pital and non-traumatic amputation. 2 It is 

recognised that management of diabetic foot 

infection is difficult and is associated with 

poor prognosis. Most authors agree that the 

proper treatment is to isolate and identify the 

microbial agent causing the infection and to 

treat it rigorously with antibiotics with appro-

priate sensitivity. 3, 4  

 

There are numerous articles in the 

literature on microbiological study of diabetic 

foot infections along with their susceptibility 

patterns for antibiotic therapy from different 

parts of the world. 3-14 However, no such data 

is available for Brunei Darussalam. Thus, the 

aims of this study were to look at the micro-

bial isolates in patients with diabetic foot in-

fections and their susceptibility pattern to 

antibiotics in Brunei Darussalam. 

MATERIALS AND METHODS 

A retrospective study was conducted in the 

Department of Orthopaedics, Raja Isteri Pen-

giran Anak Saleha (RIPAS) Hospital, Brunei 

Darussalam. From the Orthopaedic ward re-

cords, a total number of 75 patients were 

identified from 1st June 2008 to 31st June 

2010. The patients were admitted to the hos-

pital for the management of infected diabetic 

foot ranging from ulcer to osteomyelitis.  

 

 The demographics of the participants 

such as medical records number, age, gender 

and diagnosis were collected from the Ortho-

paedic inpatient registration book. With these 

data, the details of the clinical information, 

examination requested, identity of microbes 

and data of antimicrobial therapy were then 

extracted from the computer system of the 

Microbiology section of the state laboratory, 

RIPAS Hospital. Each participant was only 

enrolled once in this study. The exclusion cri-

teria were Diabetic patients with foot infec-

tions from non-orthopaedic departments/

wards and those with incomplete demograph-

ics. 

 

 Specimens of pus were collected dur-

ing the initial admission to the hospital. They 

were collected via swabbing directly at the 

base of the infected wound and similarly, for 

those who required surgical intervention, pus 

swab was taken intra-operatively at the deep-

est part of the wound. The specimens were 

obtained using sterile, commercially pur-

chased swabs and transported to the microbi-

ology laboratory immediately. All pus swabs 

were gram stained for direct examination. 

They were cultured on two blood agar plates 

(each for aerobic and anaerobic culture), one 

MacConkey Medium and a tube of enriched 

broth culture. The aerobic media were incu-

bated at 37 degrees overnight whilst the an-

aerobic cultures were incubated for 48 hours. 

The broth culture was further subcultured 

onto the same above-mentioned solid media 

after overnight incubation and the plates 

were incubated aerobically.  

 

 The gram-negative colonies and an-

aerobes were further identified using the API 

system (Biomerieux, France). Staphylococcal 

isolates were additionally tested for coagulase 

enzyme production to confirm Staphylococcus 
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aureus. Methicillin Resistant Staphylococcus 

aureus (MRSA) were confirmed by the slide 

latex agglutination test for rapid detection of 

PBP2 (MRSA screen, Denka Seiken Co. Ltd, 

Japan). Streptococci isolated were further 

grouped according to their respective sera (A, 

B, C, D and G).  

 

 All organisms isolated were subjected 

for antibiotic sensitivity testing by the Kirby-

Bauer’s Disc diffusion method using commer-

cially purchased antibiotics discs and inter-

preted according to Clinical and Laboratory 

Standards Institute (CLSI) recommendations.  

RESULTS 

There were 75 patients identified of which 37 

were male and 38 were female with male to 

female ratio being almost equal. The age 

ranged from 27 to 82 years and the mean 

age was 68 years. Diabetic foot infections 

were the highest among the age group of 51-

60 years followed by 41-50 years (Table 1). 

 

Overall, 52% (n=39) of the cultures 

revealed single organism, 40% (n=30) had 

mixed infections whereas 8% (n=6) did not 

show any growth. With regard to the clinical 

severity, 54% (n=40) of the infections in– 

 Age group in years Total 

Gender 21-30 31-40 41-50 51-60 61-70 Above 70 Frequency % 

Male 1 4 11 14 6 1 37 49 

Female 2 8 8 14 4 2 38 51 

Total 3 12 19 28 10 3 75 100 

Table 1: Demographics of patients       

Fig. 1: Diabetic foot infections from superficial to  

subcutaneous, osteomyelitis and eventual amputation:  

a) showing infection of the second toe with cellulites, 

b) progression to deeper cutaneous infection with  

exudation of blood stained serious fluid, c) deep  

subcutaneous infection with necrotic slough of the heel 

and d) radiographs showing osteomyelitis changes with 

subcutaneous gas collection (lateral view) and superior 

inferior view. 

a b c 

d e 
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volved the subcutaneous level, 29% (n=22) 

superficial ulcers, 9% (n=7) deep ulcers and 

8% (n=6) had osteomyelitis (Figures 1a to 

e). 

 

 Table 2 shows the profile of the 

pathogens isolated. A total of 98 pathogens 

were identified with an average of 1.31 or-

ganisms per patient. Almost all of the mi-

crobes were aerobic in nature accounting for 

95 (97%). Among the aerobic microbes, 

gram-negative bacteria (n=66, 67.3%) were 

seen to be more commonly isolated than 

gram-positive bacteria (n=29, 29.6%).  

 

Table 3 shows the combination of or-

ganisms in mixed infection.  

 

The results of the sensitivity patterns 

of the five commonly detected gram-positive 

Organisms Frequency 

Gram positive aerobes 29 (29.6)  

    Staphylococcus aureus 10 (10.2) 

    Streptococcus pyogenes 7 (7.1) 

    MRSA 7 (7.1) 

    Group D Streptococcus 4 (4.1) 

    Streptococcus pneumonia 1 (1.0) 

  

Anaerobes   

    Bacteroides fragilis 2 (2.0) 

Fungus   

    Candida albicans 1 (1.0) 

Organisms Frequency 

Gram negative aerobes 66 (67.3)  

      Pseudomonas aeruginosa 19 (19.4) 

      Klebsiella pneumoniae 15 (15.3) 

     Acinetobacter spp 10 (10.2) 

     Proteus mirabilis 6 (6.1) 

     Escherichia coli 4 (4.1) 

     Enterobacter cloacae 3 (3.1) 

     Chryseomonas luteola 3 (3.1) 

     Proteus vulgaris 2 (2.0) 

     Citrobacter Spp 2 (2.0) 

     Alcaligenes faecalis 1 (1.0) 

     Pseudomonas capaciae 1 (1.0) 

Table 2: Types and profiles of organisms isolated in patients with diabetic ulcers. 

Combination of organisms Frequency (%) 

Gram positive and gram positive 2 (7) 

Gram positive and gram negative 12 (40) 

Gram negative and gram negative 16 (53) 

Total 30 (100) 

Table 3: Combinations of organisms isolated from patients with mixed infections. 

DISCUSSION 

This study revealed that 40% of diabetic foot 

infections were polymicrobial in nature. There 

were more gram negative pathogens isolated 

compared to gram positive bacteria with a 

ratio of about 2:1 and they were sensitive 

mostly to Vancomycin and Amikacin respec-

tively.  

 

 Our findings showed a relatively 

fewer number of patients (40%) grew two or 

more pathogens compared to 52% that were 

of monomicrobial aetiology. Raja from Malay-

sia found 42% of patients developed mixed 

growth and Lea et al. from the Philippines 

revealed 58.9% were of polymicrobial organ-

isms. 5, 6 Other literature from Jamaica and 
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Tables 4 and 5.  



France documents that the prevalence of po-

lymicrobial infection could be as high as 80%-

87.2%. 7, 8 A possible reason for the low inci-

dence of polymicrobial infection in the pre-

sent study could be clinically mild and super-

ficial/ subcutaneous infections.  

 

 Overall, gram-negative microbes 

were the predominant pathogens isolated and 

this has also observed by Bansal et al., 

Shankar et al. and Gadepalli et al. from India 

(76% vs. 24%, 57.6% vs. 42.3%, 51.4% vs. 

33.3%). 4, 9, 10 Raja from Malaysia and Lea et 

al. also documented more gram-negatives 

than gram-positives (52% vs. 45%, 67% vs. 

33%). On the other hand, Mardi et al. from 

Indonesia recorded more gram-positive than 

gram-negative (55.6% vs. 40.9%) micro-

organisms. 11 Thus, it is essential to select 

antibiotics that are more effective against this 

group rather than targeting gram-positive 

organisms which clinicians are inclined to pre-

scribe when seeing deep tissue infection or 

infected gangrene. Pseudomonas aeruginosa 

(19.4%) Klebsiella pneumoniae (15.3%) and 

Acinetobacter spp  (10.2%) were the majority 

of the causal gram-negative micro-

organisms. Among the gram-positive micro-

organisms, Staphylococcus aureus (10.2%) 

and streptococcus pyogenes (7.1%) and 

MRSA (7.1%) were more predominantly iso-

lated. These pathogens were believed to have 

colonised the superficial foot ulcers. The re-

sults are comparable with reports from Ma-

laysia, the Philippines and India (Table 6). 

 

 Apart from the aerobic isolates, past 

literature also reported the significant pres-

ence of anaerobic and fungal microbes in dia-

betic foot infections. Lily et al. from Singa-

Antibiotic Staph aureus 

(n=10) 

Strep pyogenes    

(n=7) 

MRSA   

(n=7) 

Gp D Strep 

(n=4) 

Strep pneumoniae      

(n=1) 

Vancomycin 100 100 100 100 100 

Linzolid 100 - 100 - - 

Penicillin 10 100 0 100 100 

Oxacillin 100 100 0 50 100 

Erythromycin 70 60 0 50 100 

Fucidic acid 80 80 0 50 - 

Amoxy/Clavulanic acid 100 99 0 100 100 

Amp/Sulbactam 90 100 0 100 100 

Gentamicin 90 90 0 100 100 

Netilmicin 90 80 0 100 100 

Amikacin 100 100 0 100 100 

Cephelexin 100 95 0 25 - 

Cefuroxime 100 99 0 50 100 

Ceftriaxone 90 97 0 100 100 

Chloramphenicol 90 100 40 50 100 

Imipenem 100 100 20 100 100 

Meropenem 80 100 20 100 100 

Tetracycline 70 43 10 25 0 

Ciprofloxacin 90 80 90 50 100 

Sulpha/Trimethoprim 99 70 80 0 100 

Table 4: Sensitivity patterns of the all the isolated gram-positive organisms. 

Figures presented in parentheses are percentages (%) 
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Antibiotic Klebsiella  

sp 

(n=19) 

Ps  

aeruginosa  

(n=15) 

Acinetobacter  

(n=10) 

Proteus  

(n=8) 

E coli  

(n=4) 

Enterobacter   

(n=3) 

Chryseomonas 

sp (n=3) 

Ampicillin 100 10 5 65 75 5 5 

Amp/Sulbactam 90 30 40 100 75 45 10 

Amoxy/

Clavulanic acid 

100 20 15 100 100 55 20 

Cephalexin 90 10 50 90 100 25 10 

Cefuroxime 90 20 40 100 100 56 10 

Ceftazidime 100 95 50 100 100 83 50 

Chloramphenicol 80 30 50 90 100 85 10 

Gentamicin 95 100 70 90 100 90 90 

Netilmicin 100 99 70 95 100 91 90 

Amikacin 100 100 70 97 100 92 95 

Tetracycline 50 30 30 50 100 60 5 

Imipenem 100 100 55 95 100 97 98 

Meropenem 100 100 55 98 100 98 98 

Ciprofloxacin 100 90 50 85 100 90 95 

Piperacillin 100 90 20 87 - 70 - 

Sulpha/

Trimethoprim 

80 5 45 73 60 80 50 

Polymyxin - 98 100 - - - - 

pore described Peptostreptococcus spp (46%) 

and Bacteriodes fragilis group (19%) as the 

mostly isolated anaerobes whilst Eckhart et 

al. from Germany reported 53.1% identified 

were fungal organisms in this condition. 12, 13 

In contrast, our study only grew 2 (2%) Bac-

teriodes fragilis and one (1%) Candida albi-

cans. This could be due to improper collection 

and transport of the sample. 12, 14 

Table 5: Sensitivity patterns of the all the isolated gram-negative organisms. 

Figures presented in parentheses are percentages (%) 

 With regards to the susceptibility pat-

terns, vancomycin and amikacin appeared to 

be the best antibiotics for therapy of gram-

negative and gram-positive organisms re-

spectively. Vancomycin is usually only indi-

cated for the treatment of MRSA whereas 

amikacin is associated with nephrotoxicity 

which can deteriorate patients who already 

have pre-existing diabetic nephropathy. 

Authors (Country) Gram-negative organisms (%) Gram-positive organisms (%) 

Raja NS (Malaysia) Proteus spp (28) 

Pseudomonas aeruginosa (25) 

Klebsiella Pneumoniae (15) 

E Coli (9) 

Staphylococcus aureus (44) 

Group B streptococcus (25) 

Enterococcus spp (9) 

Lea et al. (Philippines) Proteus spp (24) 

Enterobacter spp (21) 

Citrobacter spp (9) 

E Coli (12) 

Staphylococcus aureus (29) 

Staphylococcus epidermidis (3) 

  

Bansal et al. (India) Pseudomonas aeruginosa (22) 

Klebsiella pneumonia (17) 

E Coli (18) 

Proteus spp (11) 

Staphylococcus aureus (19) 

  

Table 6: Sensitivity patterns of the all the isolated gram-negative micro-organisms. 
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Based on Tables 4 and 5, we could also as-

sume that monotherapy may not be the best 

management for the causal microbes. Thus, 

choosing empiric antibiotic therapy for dia-

betic foot infections can be based on a num-

ber of conditions:- a) severity of infection, b) 

depth and extent of involvement of infection, 

c) Local pattern of bacterial aetiology and 

their antibiogram.  

 

 In the study, the severity of infection 

was proportionate with the depth of infection 

and the majority of them were categorised 

into superficial and subcutaneous levels. Mild 

infection is usually monomicrobial in aetiology 

and the commonest causal organism is 

Staphylococcus aureus. 15 It was 100% sensi-

tive to flucloxacillin (oxacillin) and amoxy/

clavulanic acid (Table 4). 

 

 If the infection involves deeper tis-

sues, it could be polymicrobial in nature and 

more likely to be gram-negative micro-

organisms in different combinations (Table 3). 

Hence, the infection can be treated with 

amoxy/clavulanic acid, ampicillin/sulbactam 

and cefuroxime. If the infection is severe and 

involving deep tissue and bone, ceftazidime, 

imipenem, meropenem and ciprofloxacin are 

more appropriate with their sensitivities 

reaching 98% to 100% (Tables 4 and 5). 

 

 There are several limitations in this 

study that need to be taken into account 

when interpreting our results. First, the pa-

tient population was notably small with only 

75 patients which may limit the power of the 

study. Second, the method of specimen col-

lection is based on the current practice and 

may not be standardised. All of the specimens 

evaluated here were collected from pus 

swabs. However, there are reports that have 

shown sampling of bone and soft tissues are 

more sensitive compared to pus swab alone. 

4, 14 Another limitation is the retrospective na-

ture of the study, which is always a major 

drawback. However, given that is no previous 

data exist, this study is still important to pro-

vide background information and basis for 

future study. 

 

 In conclusion, our study has showed 

that 40% of diabetic foot infections were po-

lymicrobial. Pseudomonas aeruginosa and 

Staphylococcus aureus were the most com-

monly identified gram-negative and gram-

positive micro-organisms respectively. Either 

amikacin or vancomycin was the most effec-

tive antimicrobial therapy for each of the re-

spective aerobic categories. Due to limited 

suitability of these antibiotics, choosing em-

piric antibiotic therapy should depend upon 

the clinical features of the infections and the 

local pattern of bacterial aetiology and its an-

tibiogram. 
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The visit of the Honourable Margaret Hilda Thatcher (Baroness Thatcher of Kesteven), Prime Minster of the 

United Kingdom (1975 to 1990) in April 1985 to the RIPAS Hospital, accompanied by senior officials of the  

Ministry of Health, Brunei Darussalam. (Front left: Dato Paduka Dr Hj Johar Bin Dato Paduka Hj Nordin,  then 

Director of Medical and Health Services and later Minister of Health, Brunei Darussalam, far right: Dato Pa-

duka Sherlock Chin (Renal Specialist), left of the Baroness, Dato Paduka Dr Hj Hussain Bin Hj Md Daud 

(Deputy Director General of Medical Services) and left of the Baroness in dark blue uniform, Datin Paduka 

Hjh Habibah (Principal of Nursing). 
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