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Abstract                                                                                                                                                  

Background: Diabetes mellitus is reaching epidemic proportions and carries high risks and 

complications. Diabetic foot infection accounts for up to 20% of all diabetes-related hospital 

admissions. The ultimate endpoint of diabetic foot infection is amputation.                                                                    

Objective: To study the frequency rate of microbial wound infections among Sudanese diabetic 

foot patients.                                                                                                                                               
Materials and methods: A cross-sectional study was carried out among Sudanese diabetic 

patients. 120 diabetic foot patients were investigated. The wounds were swabbed and the 

specimens were investigated using conventional standard bacteriological methods. Antibiotic 

susceptibility testing was carried out on all the isolates using the paper disc diffusion technique, 

and the commonly prescribed antibiotics.                                                                                                                                                          

Results: Out of the 120 samples collected, 111 samples (92.5%) revealed significant bacterial 

growth. The overall most frequent isolate was Staphylococcus aureus (41.4%)] and the least 

frequent isolate was Streptococcus pyogenes (4.5%). Polymicrobial infection was found among 

34 (28.3%) diabetic foot patients. The majority of polymicrobial infection (35.4%) was caused 

by Staphylococcus aureus and Pseudomonas aeruginosa. Ciprofloxacin, gentamycin, and 

amoxicillin-clavulanic acid were the most effective agents against the organisms isolated.                                                                                                                                        

Conclusion: Staphylococcus aureus, Pseudomonas aeruginosa, and Proteus mirabilis were the 

commonest isolated organisms. Ciprofloxacin, gentamycin, and amoxicillin-clavulanic acid were 

considered the drugs of choice for treatment of diabetic foot infections.  
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Introduction 

Diabetes mellitus is a metabolic disease characterized by hyperglycemia resulting from defects in 

insulin secretion, insulin action, or both. Symptoms of marked hyperglycemia include polyuria,  
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polydipsia, weight loss, sometimes with polyphagia, and blurred vision1.                                                                                

The most feared consequence of a foot ulcer is limb amputation, which occurs 10 to 30 times more 

often in diabetic persons than in the general population2.                                                                                           

The factors predisposing diabetic patients to foot infections may be immunologic disturbances, such as 

impaired polymorphonuclear leukocyte migration, phagocytosis, intracellular killing, and chemotaxis3.            

Diabetes and foot problems are almost synchronous. The problem leading to diabetic foot is 

neuropathy, vascular changes and infections, which constitute the diabetic foot syndrome. Infection 

complicates the pathological picture of diabetic foot and plays a main role in the development of moist 

gangrene4.                                                                                                                                                                  

Diabetic foot infections are often polymicrobial. Gram-positive cocci, especially staphylococci and 

streptococci are the predominant pathogens. Chronic or previously treated wounds often yield several 

microbes on culture, including Gram-negative bacilli and anaerobes 5.                                                        

Staphylococcus aureus, coagulase-negative staphylococci (CONS), and Escherichia coli were the 

bacterial species most commonly isolated from patients with diabetic foot lesions6.                                                   

The increasing association of multi-drug resistant (MDR) pathogens in diabetic foot ulcers is a 

challenge facing physicians or surgeons on treating diabetic ulcers without resorting to amputation. 

Infection with MDR pathogens is also responsible for the increased duration of hospitalization, cost of 

management, morbidity and mortality of diabetic patients7.                                                                                  

Foot infections and their sequelae are among the most common and severe complications of diabetes 

mellitus. Most hospitalizations for diabetic patients are due to foot disorders as compared with other 

diabetic complications. Similarly, diabetic foot infections typically begin in a wound that leads to a 

neuropathic ulceration and forms a major contributing factor leading to lower extremity amputation8. 

While all wounds are colonized by microorganisms, the presence of infection is recognized by finding 

an inflammation or purulent infection9.                                                                                                                   

The majority of skin wounds are colonized with aerobic and anaerobic microorganisms that originate 

predominantly from mucosal surfaces10. 

Infections may cause considerable morbidity and mortality in patients with diabetes mellitus. Infections 

may also precipitate metabolic derangements, and conversely, the metabolic derangements of 

diabetes may facilitate infection. Diabetic infections, especially foot infections can lead to chronic 

complications with catastrophic results11.                                                                                                                    

This study is therefore proposed to study frequency of microbial wound infections among Sudanese 

diabetic patients; and to determine the susceptibility patterns of the isolated organisms. By so doing, 

improvement in management of these cases may occur.   

Materials and methods  
 

This was a case finding, hospital and laboratory-based, descriptive, cross-sectional, qualitative 

study aiming to screen diabetic patients with microbial wound infections. It was carried out 

during the period from March to June 2013. The study was conducted at three medical centers in 

Khartoum State, namely Khartoum Teaching Hospital, Khartoum North Diabetic Hospital, and 

Dirby Wounds Care Center.   
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Target population investigated was diabetic patients with microbial wound infections. Inclusion 

criteria were all diabetic patients with wound infections and attending the medical centers 

targeted in the study. Exclusion criteria were severely ill patients or those with diabetic 

ketoacidosis. The software used for the analysis of data was the statistical package for social 

sciences (SPSS) program (version 14). Frequencies, percentages, tables and graphs were used for 

presentation of the data. All patients were informed about the aim of the study and a verbal 

consent was obtained. Permission to collect the specimens was taken from directors of medical 

centers targeted, and approval to conduct the study was granted by University of Medical 

Sciences and Technology, Khartoum (Sudan). Confidentiality of information was maintained. 

Results of samples collected were donated to all patients investigated and some sample results 

were dispatched to physicians for prescription purposes.                                                                      

Sampling was a non- probability purposive, convenience type. Sample size was calculated 

according to the following standard, statistical equation: n = z2.p.q / d2.                                                     

Where: n: is the sample size; z: is the value of normal curve corresponding to the level of 

confidence 95%=1.96; p: is the probability of target group (prevalence of the most important 

indicator) wound infection among diabetic =20%; q: (1-p) = 1- 0.2 = 0.8; d: is the desired margin 

of error, taken = 0.07.                                                                                                                 

Expected sample size was 125 patients. Out of those 120 patients responded and five were 

excluded. Wound swabs were collected from 120 diabetic patients.                                                                                                        

Demographical data were collected from all patients using a direct interviewing questionnaire 

covering demographic information regarding name, age, sex, residence, occupation, and clinical 

symptoms. Collection of specimens from infected wounds was done by swabbing. Diabetic foot 

infection was identified according to the classical signs and symptoms such as changes in skin 

color, changes in skin temperature, swelling of the foot or ankle, pain in the legs, open sores on 

the feet that are slow to heal or are draining, in-growing toe-nails, corns or calluses, dry cracks in 

the skin around the heel, and unusual foot odor.                                                                              

Swabs were collected and each patient was given a concise explanation of the need for the 

microbiological investigation. Sterile cotton swabs were usually used. If the wound was moist a 

swab can be used straight from the packaging; but if the wound was dry, then the swab tip was 

moistened with sterile saline to increase the chances of recovering organisms from the site. Ames 

transport media were used to enhance the survival of fastidious organisms.                                           

Samples were examined directly by Gram stain. All samples were directly cultured on standard 

media such as blood agar (aerobic and anaerobic), Mac Conkey and neomycin blood agar. The 

Gram negative bacilli were identified using different biochemical reactions such as oxidase test, 

Kligler iron agar test, citrate utilization test, urease test, motility, and indole test. While Gram 

positive organisms were identified by catalase test, DNase test, coagulase test, and novobiocin 

sensitivity test.                                                                                                                         

Antimicrobial susceptibility testing was performed by the Kirby-Bour method. Isolates were 

streaked uniformly across a Muller-Hinton culture plate. Inoculum was adjusted as per Mc 

Farland turbidity standard. Filter-paper disks were placed on the surface of the agar and 

incubated at 37°C overnight. The antimicrobial drugs used were ciprofloxacin (5 μg),  

Ibrahim, 2017: Vol 2 (2) 

http://ajmsc.info/


4 
 

African Journal of Medical Sciences                      http://ajmsc.info 

 

amoxicillin-clavulanic acid (30 μg), erythromycin (15 μg), tetracycline (30 μg), gentamycin   

(10) μg, co-trimoxazole (25 μg), clindamycin (2 μg), cefuroxime (30 μg), and vancomycin      

(30 μg).  

Results:  

Among the 120 patients investigated, 76 (63.3%) were male and 44 (36.7%) were female 

patients. The age incidence of the patients investigated ranged from less than 20 years to above 

40 years with mean age being 43 years. The largest number of patients studied (85/70.9%) was 

among patients above 40 years, and the least number (4/3.3%) was among patients below 20 

years. As regard education status of the patients investigated, 11 patients (9.2%) had a university 

level education, and 26 patients (21.7%) were illiterate.                                                                            

Regarding job description, 43 patients (35.8%) were housewives, 30 patients (25.0%) were 

jobless, and six patients (5.0%) were professionals. Regarding patients residence, 38 patients 

(31.7%) were residing in Omdurman town, 30 patients (25.0%) in Khartoum North town, and 19 

patients (15.8%) in Khartoum town. Most of the diabetic foot wounds (95/79.2%) had an unusual 

odor, and the majority (114/95%) was containing an exudate. Almost all wounds were chronic in 

nature; 33 of them (27.5%) had a less than one month duration, while 54 of them (45.0%) had a 

more than 3 months duration.                                                                                                                                                                                                                   

As shown in Table (I), out of the 120 samples collected, 111 samples (92.5%) revealed 

significant bacterial growth. Gram positive organisms detected were Staphylococcus aureus 

(46/41.4%), Streptococcus pyogenes (5/4.5%), Enterococcus faecalis (7/6.3%), and Clostridium 

perfringens (7/6.3%). While Gram negative organisms detected were Pseudomonas aeruginosa 

(29/26.1%), Proteus mirabilis (22/19.8%), Proteus vulgaris (7/6.3%), E. coli (12/10.8%), and 

Klebsiella pneumoniae (10/9.0%). The overall most frequent isolate was Staphylococcus aureus 

(41.4%)] and the least frequent isolate was Streptococcus pyogenes (4.5%).    

             Table (I):      Bacterial pathogens isolated from patients investigated 

Organism Number % 

Staphylococcus aureus 46 41.4 

Pseudomonas aeruginosa 29 26.1 

Proteus mirabilis 22 19.8 

E. coli 12 10.8 

Klebsiella pneumoniae 10 9.0 

Clostridium perfringens 7 6.3 

Proteus vulgaris 7 6.3 

Enterococcus faecalis 7 6.3 

Streptococcus pyogenes 5 4.5 

No bacterial growth 9 7.5 

                                  NB.  Some specimens was harboring more than one organism 
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79 patients (65.8%) had received antibiotic therapy before investigated in this study. The 

antibiotics used by the patients prior to the study included: amoxicillin-clavulanic acid, 

ceftriaxone, meropenem, ciprofloxacin, metronidazole, amoxicillin, and ceftazidime. 42 patients 

(35.0%) received antibiotics in less than one week, and 37 patients (30.8%) received antibiotics 

in more than one week prior to this study.                                                                                      

Polymicrobial infection was found among 34 (28.3%) diabetic foot patients, and a single 

bacterial species was found among 77 (64.2%) diabetic foot patients. The majority of 

polymicrobial infection (35.4%) was caused by Staphylococcus aureus and Pseudomonas 

aeruginosa; while the least polymicrobial infection (2.9%) was caused by Staphylococcus 

aureus, Proteus mirabilis, Proteus vulgaris, and Enterococcus faecalis (Table II).      

Table (II): Bacterial species causing polymicrobial diabetic foot infections 

 

Bacterial species 
Specimens 

Number 

 

Per cent 

Pseudomonas aeruginosa + E. coli 2 5.9 

Staphylococcus aureus + Proteus mirabilis 8 23.6 

Staphylococcus aureus + Proteus vulgaris 2 5.9 

Staphylococcus aureus + Ps. aeruginosa 12 35.4 

Staphylococcus aureus + Kleb. pneumoniae 3 8.8 

Staphylococcus aureus + E. coli 3 8.8 

Staphylococcus aureus + Proteus mirabilis 1 2.9 

Staphylococcus aureus + Ps. aeruginosa 1 2.9 

Enterococcus faecalis + Proteus mirabilis 1 2.9 

Enterococcus faecalis + Proteus vulgaris 1 2.9 

Total mixed infections 34 100 

 

Table (III) shows the percentage sensitivity pattern of the organisms isolated. Erythromycin, 

tetracycline, and vancomycin were the most effective agents against Gram-negative organisms; 

while amoxicillin-clavulanic acid and ciprofloxacin were the most effective agents against 

Gram-positive organisms. Where gentamicin, clindamycin, co-trimoxazole, and cefuroxime were 

active against both Gram-positive and Gram-negative organisms. The relationship between the 

bacteria species isolated and their sensitivity pattern to the antibiotics tested was found 

significant (p = 0.004). 

Discussion  

Most cases of infected wounds are caused by bacteria, originating either from the skin, other 

parts of the body or the environment. The skin contains bacteria (normal flora) which are 

normally harmless if the skin is intact.  
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Table (III): The percentage sensitivity pattern of bacterial species isolated 

 

Bacterial 

species 

Antibiotics tested 

AMC 

% 

E 

% 

TE 

% 

CIP 

% 

GM 

% 

SXT 

% 

CM 

% 

CXM 

% 

VA 

% 

Tota

l % 

S. pyogenes   22.3 4.7 1.5 19.1 21.3 12.4 5.5 7.3 6.9 100 

P.aeruginosa  14.6 12.0 5.3 17.7 16.2 11.3 7.5 7.2 8.2 100 

E. faecalis  7.5 9.4 16.3 14.7 12.2 11.1 14.3 6.2 8.3 100 

P. mirabilis  26.3 21.5 12.3 2.4 21.1 14.3 0.0 2.1 0.0 100 

S.aureus  18.4 17.3 3.3 17.2 12.1 11.0 4.3 12.3 4.1 100 

E. coli 9.7 5.2 22.1 14.4 15.3 9.2 7.7 6.4 10.0 100 

C.perfringens  23.2 13.7 6.3 21.6 17.2 14.5 0.0 1.3 2.2 100 

K.pneumoniae  3.2 4.1 14.2 5.3 19.6 9.5 12.4 11.3 20.4 100 

P. vulgaris  3.2 9.7 35.2 1.1 18.3 0.2 12.1 0.4 19.8 100 

p = 0.004 

CIP = Ciprofloxacin     AMC = Amoxicillin-clavulanic acid     E = Erythromycin                       

TE = Tetracycline     GM = Gentamycin     SXT = Co-trimoxazole     CM = Clindamycin                   

CXM = Cefuroxime     VA = Vancomycin 
 

However, the protective barrier formed by the skin is disrupted when there is a wound, and this 

normal flora is able to colonize the injured area. This may result in further tissue damage and 

may prolong wound healing by promoting more inflammation, which prolongs the process of 

wound healing. Contamination from other parts of the body may also cause wound infection. The 

microbiologic features of diabetic foot infections vary according to the tissue infected. Poor 

wound dressing and unhygienic conditions may increase the risk for wound infection12.                       

This study was conducted to determine the frequency of microbial wound infections among 

diabetic foot patients. Among the 120 patients investigated, 76 (63.3%) were males and 44 

(36.7%) were females. The age incidence of the patients investigated ranged from less than 20 

years to above 40 years with a mean age of 43 years. The largest number of patients studied 

(85/70.9%) was among patients above 40 years, and the least number (4/3.3%) was among 

patients below 20 years. In a study made in India, 107 patients with diabetic foot from surgical 

units, 70 were male and 37 were female patients and the age ranged from 17 to 66 years with 

mean age being 43 years13. Another study was carried out at the University of Nigeria Teaching 

Hospital (Enugu) investigated 274 diabetic patients of whom 71 (26%) had foot ulcers. Of the 71 

foot ulcer cases, 40 (56%) were males and 31 (44%) females. The male excess was particularly 

significant in the 50–60years and 70–90years age groups14.                                                                                                      

In this study (Table I), out of the 120 samples collected, 111 samples (92.5%) revealed 

significant bacterial growth. Gram positive organisms detected were S. aureus (46/41.4%), 

Streptococcus pyogenes (5/4.5%), Enterococcus faecalis (7/6.3%), and Clostridium perfringens 

(7/6.3%). Gram negative organisms detected were Pseudomonas aeruginosa (29/26.1%),   
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Proteus mirabilis (22/19.8%), Proteus vulgaris (7/6.3%), E. coli (12/10.8%), and Klebsiella 

pneumoniae (10/9.0%). The overall most frequent isolate was Staphylococcus aureus (41.4%)] 

and the least frequent isolate was Streptococcus pyogenes (4.5%). In another study, pus samples 

for bacterial culture were collected from 80 patients admitted with diabetic foot infections. 

Gram-negative aerobes were found to be the most frequently isolated (51.4%), followed by 

Gram-positive aerobes and anaerobes (33.3 and 15.3%, respectively) 15. In another study in 

Oxford, 76 patients with foot osteomyelitis were investigated and pathogens isolated were 

predominantly staphylococci (52%) and Gram-negative bacilli (18.4%) 16. Another study was 

carried out to analyze the aerobic and anaerobic bacterial isolates in patients with diabetic foot 

infections. Gram-negative bacteria (57.6%) were isolated more often than Gram-positive ones 

(42.3%) in the patients screened. The most frequent bacterial isolates were Pseudomonas 

aeruginosa, Staphylococcus aureus, coagulase-negative staphylococci, and Enterobacteriaceae. 

Bacteroides spp. and Peptostreptococcus spp. were the major anaerobic isolates 17.                                                                                                                                                       

In the present context, the predominant organism isolated was Staphylococcus aureus (41.4%), 

Pseudomonas aeruginosa (26.1%), Proteus mirabilis (19.8%), E. coli (10.8%), and Klebsiella 

pneumoniae (9.0%). A study was performed at a tertiary care hospital to isolate the causative 

bacteria in wounds of diabetic patients. This study found that Klebsiella pneumoniae (20.5%), 

Pseudomonas aeruginosa (17%), Staphylococcus aureus (17%) and Escherichia coli (14.6%) 

were the most common aetiological agents15. Also in the study conducted in India (2004) among 

107 patients with diabetic foot lesions, the organisms isolated were: Proteus spp. (92%), 

Pseudomonas spp. (84%), E.coli (97%), Klebsiella spp. (94%), Enterobacter spp. (90%). Also in 

India, a group of 654 diabetic patients with foot ulcers were studied. The study showed that in 

654 diabetic patients, 728 pathogens were isolated. Aerobic pathogens were isolated in 437 

(66.8%) patients and anaerobic pathogens were isolated in 217 (33.2%). Among aerobic 

pathogens, Enterobacteriaceae family (48%), Staphylococcus species (18.2%), Streptococcus 

spp. (16.8%) and Pseudomonas spp. (17%) were frequently seen. Among anaerobes 

Peptostreptococcus spp. and Clostridium spp. formed 69.4%. Gram-negative anaerobes like 

Bacteroides spp. and Fusobacterium spp. were present in 30.6%17. In a study performed in Iran,     

a total of 109 patients with diabetic foot infection were studied. Staphylococcus aureus, 

coagulase-negative staphylococci, Escherichia coli were the bacterial species most commonly 

isolated from the patients with diabetic foot lesions18. In another study, a total of 141 patients 

with community-acquired diabetic foot ulcers were investigated. The most frequently occurring 

pathogens were Enterobacteriaceae (83.7%), Staphylococcus aureus (43.3%) and anaerobic 

bacteria (17%). Streptococcus pyogenes was recovered from 7.8% of the patients19. In all these 

studies Staphylococcus aureus and Enterobacteriaceae species were isolated at high frequency 

rates. This result was similar to that reported in this study.                                                                                     

In this study, polymicrobial infection was found among 34 (28.3%) diabetic foot patients, and     

a single bacterial species was found among 77 (64.2%) diabetic foot patients. The majority of 

polymicrobial infection (35.4%) was caused by Staphylococcus aureus and Pseudomonas 

aeruginosa; while the least polymicrobial infection (2.9%) was caused by Staphylococcus 

aureus, Proteus mirabilis, Proteus vulgaris, and Enterococcus faecalis (Table II).                                                          
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A prospective study was performed in India, over a period of one year in a tertiary care hospital 

to isolate the causative bacteria in wounds of diabetic patients. Polymicrobial infection was 

observed in 52% patients15. This frequency was higher than that reported in our study (28.3%). 

Anandi and his colleagues (2004) in their study in India reported that polymicrobial infections 

(more than 2 types of bacteria) were found in 69 patients13. A cross-sectional study was carried 

out at the University of Nigeria Teaching Hospital. This study screened 274 diabetic patients of 

whom 71 (26%) had foot ulcers. Out of the 49 isolates obtained from these diabetic wound 

ulcers, 26 were isolated from more than one wound, giving a polymicrobial infection rate of 

53%. Staphylococcus aureus and Escherichia coli were obtained in ulcers from 12 patients 

(24.5%). In addition, Escherichia coli and Klebsiella pneumoniae were obtained in 14 patients14.                     

In the present study Gram-negative organisms were found sensitive to erythromycin, 

tetracycline, and vancomycin; while Gram-positive organisms were sensitive to amoxicillin-

clavulanic acid and ciprofloxacin. Where gentamicin, clindamycin, co-trimoxazole, and 

cefuroxime were active against both Gram-positive and Gram-negative organisms (Table III). 

Sivaraman and his co-workers performed a study in India, to isolate the causative bacteria in 

wounds of diabetic patients. The aerobic bacterial agents were isolated and their antibiotic 

susceptibility pattern was determined. The members of Enterobacteriaceae as well as 

Pseudomonas spp. and Acinetobacter spp. were found to be susceptible mainly to amikacin, 

piperacillin-tazobactam and imipenem.  Staphylococcus aureus and Enterococcus spp. were 

susceptible mostly to vancomycin, with varying susceptibility to tetracycline19. Also Anandi and 

his colleagues in India, studied patients with diabetic foot lesions, and performed culture and 

susceptibility tests of aerobic and anaerobic organisms. All aerobes were found sensitive to 

amikacin and gentamicin except for two Pseudomonas spp. isolates. While all aerobes and 

anaerobes were susceptible to cefotaxime except four Pseudomonas spp. isolates which were 

susceptible to amikacin and gentamicin13. On the other hand Orji and his co-workers in Nigeria 

performed sensitivity testing of bacterial species isolated from diabetic patients with foot ulcers. They 

reported that Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, and Clostridium species 

had resistance rates of 50%, 16%, 40%, and 48%, respectively, against norfloxacin. Staphylococcus 

aureus, Klebsiella pneumoniae, Escherichia coli, and Clostridium species had resistance rates of 62.5%, 

50%, 60%, and 36% respectively against gentamicin. Staphylococcus aureus, Klebsiella pneumoniae, 

Escherichia coli, and Clostridium species had resistance rates of 75%, 33%, 80%, and 60%, respectively, 

against nitrofurantoin14. Although 95% of the diabetic patients examined had received antibiotics 

prior to this study, yet many bacterial species were isolated. This may indicate that they were 

using non-effective antibiotics.                                                                                                                          

From this study, it may be recommended to perform routine culture and sensitivity tests for 

diabetic foot patients. Ciprofloxacin, gentamycin, and amoxicillin-clavulanic acid should be 

selected as drugs of choice for treatment of diabetic foot patients.                                                        

Conclusion: The commonest isolated organisms were Staphylococcus aureus, Pseudomonas 

aeruginosa, and Proteus mirabilis. Polymicrobial infections were prevalent in the patients 

investigated. The isolated organisms were sensitive to ciprofloxacin, gentamycin, amoxicillin-

clavulanic acid, tetracycline, and erythromycin. 
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