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Abstract  Original Research Article 
 

Introduction: The diabetic foot infection is a frequent complication of diabetes. It is a major risk factor for amputation 

and remains among the leading causes of hospitalization of diabetics. Our work aims to determine the bacteriological 

profile of diabetic foot infection and to evaluate the resistance of the isolated bacteria to antibiotics. Patients and 

methods: We performed a prospective descriptive study from March 2016 to September 2017, including 170 patients 

hospitalized for diabetic foot infection at the military hospital in Marrakech. Results: We realized 170 samples of 

which 66% were deep and 33% were superficial. The isolation rate of Gram negative bacilli and Gram positive cocci 

were respectively 58.4% and 40.4%. The most common individual isolates were Staphylococcus aureus (20.2%), 

Escherichia coli (18%). Isolated enterobacterial strains were sensitive to amikacin and imipenem but insufficiently to 

ampicillin, ticarcillin, and amoxicillin-clavulanic acid. Gram-positive cocci expressed a high rate of resistance to 

penicillin G (92%). Vancomycin and fucidic acid were the most active antibiotics. The multi-drug resistant organism 

was representing 25.8% of isolates. Highly resistant bacteria have been isolated, consisting of 6 strains of 

carbapenemase-producing enterobacteria. Conclusion: The findings of this study demonstrated an alarming increase in 

the prevalence of antibiotic resistance of diabetic foot infection. Thus, it is imperative to rationalize the use of 

antibiotics, improve hygiene in hospitals and establish a system for continuous monitoring bacterial resistance. 
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INTRODUCTION 

The diabetic foot gathers all the pathological 

manifestations reaching the lower limb in the diabetic 

subject [1]. It is a real crossroads of the main 

neurological, vascular and infectious complications 

following diabetes. It represents a public health issue by 

its economic weight and its serious impact on the 

quality of life of patients [2]. Infection of the diabetic 

foot is a frequent and formidable complication [3]. It is 

a major risk factor for amputation and remains among 

the leading causes of hospitalization for diabetics [4]. 

Infection of the diabetic foot is also a non-negligible 

cause of unjustified antibiotic therapy and, as such, 

contributes to worsening bacterial resistance and 

extending it through care [2, 4]. It is therefore essential 

to know the bacterial ecology of diabetic foot infections 

in health institutions to allow adequate management and 

optimal use of antibiotics, with the hope of reducing the 

risk of amputation and emergence of multi-resistant 

bacteria. 

 

MATERIALS AND METHODS 

Our work is a descriptive prospective study 

carried out over a period of 18 months from March 

2016 to September 2017 in 170 patients admitted for 

diabetic foot infection and admitted to the vascular 

surgery department of the Avicenne Military Hospital 

in Marrakech. In the case of infected wounds, we used a 

deep curettage sample, which consists of removing 

tissue by scraping the wound base with a sterile curette, 

or using a fine syringe during the observation of the 

wound a deep infection with a collection or swab with 

superficial pus. The bacteriological samples are then 

immediately sent to the microbiology laboratory. 

Microscopic analysis after Gram staining provided 

information on the morphology of the bacteria, their 

grouping and their dye affinity. In case of anaerobic 

infection, he showed an abundant and polymorphous 

bacterial flora. Culturing was done on mannitol agar 

(Chapman), columbia agar with 5% sheep blood and 

cooked horse blood agar supplemented with a vitamin 

mixture. Each of these media was seeded by framing 
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and then incubated at 37 ° C in an aerobic atmosphere 

at 5% for 24h to 48h in an oven. The precise 

identification of the bacteria (genus and species) and the 

antibiogram were performed by automated method on 

Phoenix 100 (Becton Dickinson). The detection of 

resistance phenotypes has been completed by the 

conventional method of diffusion of disks in agar 

medium. The reading and interpretation criteria are 

those of the antibiogram committee of the French 

microbiology association (CASFM / EUCAST 2017). 

 

RESULTS 

170 patients were admitted for diabetic foot 

during the period under consideration. The sex ratio 

was 5.07 for men. The average age was 61 years old 

with extremes ranging from 45 to 84 years old? The 

majority of patients had type 2 (94%) with an average 

duration of onset of 11 years (range 1 to 35 years). Of 

the 170 samples taken, 52 were superficial obtained by 

simple swabbing, and 118 were deep obtained by 

curettage and aspiration with a fine syringe. The 

bacteriological study of these samples showed the 

presence of 50% Gram-negative bacilli, 25% Gram-

positive cocci and 14% anaerobes (appearance of 

abundant and polymorphic bacterial flora). The cultures 

made were monomicrobial, polymicrobial and sterile in 

(75%), (14%) and (11%) respectively. 

 

The distribution of isolated bacteria by 

families is shown in (Figure 1). The distribution by 

species showed the predominance of Staphylococcus 

aureus which accounted for 20.2% of the isolates, 

followed by Escherichia coli (18%), Acinetobacter 

baumannii (7.9%) and Pseudomonas aeruginosa (Table 

1). Concerning the resistance profile of the germs, the 

rate of methicillin-resistant Staphylococcus aureus 

(MRSA) was 28%. Fusidic acid, ciprofloxacin, 

trimethoprim-sulfamethoxazole, clindamycin and 

erythromycin showed good activity on Staphylococcus 

aureus isolates. All isolates were sensitive to 

vancomycin. High levels of resistance of isolates were 

noted for penicillin G and gentamicin (Figure 2). 

Enterobacterial isolates showed high resistance to 

ampicillin (87%), ticarcillin (79%), amoxicillin-

clavulanic acid (71%), and ciprofloxacin (41%). 

Imipenem and amikacin were the most effective 

antibiotics on enterobacterial isolates (Figure 3). 

Pseudomonas aeruginosa isolates showed 67% 

resistance for ciprofloxacin and 17% resistance for 

ticarcillin and aztreonam. All of these isolates were 

sensitive to piperacillin, ticarcillin-clavulanic acid and 

piperacillin-tazobactam combinations, ceftazidime, 

cefepime, imipenem, tobramycin, amikacin and 

gentamicin. Isolates of Acinetobacter baumannii 

showed increased resistance to the majority of 

antibiotics tested. The resistance rate to imipenem was 

57% and ceftazidime was 86%. We isolated 46 

multidrug-resistant bacteria, representing 25.8% of the 

isolates (Table 2). Enterobacteria resistant to third 

generation cephalosporins were predominant 

representing 47.8% of multidrug-resistant bacteria and 

28.9% of enterobacteria. 

 

Methicillin-resistant Staphylococcus aureus 

(MRSA) accounted for 21.7% of multidrug-resistant 

bacteria and 27.8% of Staphylococcus aureus. All 

isolates of Acinetobacter baumannii were multiresistant 

to betalactamins; they accounted for 30.4% of 

multidrug-resistant bacteria. Highly resistant bacteria 

were isolated in our study. These are 6 strains of 

enterobacteria resistant to carbapenems, representing 

7.9% of enterobacteria and 3.4% of all isolates.  

 

 
Fig-1: Distribution of isolated germs by family 
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Table-1: Distribution of isolated germs by family and species 

seeds Numbers Percentage  ( % ) 

Gram positive cocci 72 40,4 

staphylococci 44 24,7 

Staphylococcus aureus 36 20,2 

Staphylococcus haemolyticus 4 2,2 

Staphylococcus hominis 2 1,1 

Staphylococcus lugdunensis 2 1,1 

streptococci 28 15,8 

Streptococcus pyogenes 2 1,1 

Streptococcus bovis 4 2,2 

Streptococcus agalactiae 8 4,5 

Enterococcus faecalis 8 4,5 

Enterococcus species 4 2,2 

Enterococcus faecium 2 1,1 

Gram-negative bacilli 104 58,4 

Enterobacteriaceae 76 42,7 

Escherichia coli 32 18,0 

Klebsiella pneumoniae 10 5,6 

Enterobacter cloacae 8 4,5 

Enterobacter aerogenes 4 2,2 

Proteus mirabilis 8 4,5 

Proteus vulgaris 6 3,4 

Providencia rettgeri 2 1,1 

Citrobacter koseri 2 1,1 

Morganella morganii 2 1,1 

Serratia marcescens 2 1,1 

Non fermenting gram negative bacilli 26 14,6 

Pseudomonas aeruginosa 12 6,7 

Acinetobacter baumannii 14 7,9 

Other Gram-negative bacilli 2 1,1 

Aeromonas hydrophila 2 1,1 

yeasts 2 1,1 

Candida albicans 2 1,1 

Total 180 100 

 

 
Fig-2: Resistance rate of Staphylococcus aureus isolates 
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Fig-3: Resistance rate of enterobacterial isolates 

 

Table-2: Distribution of multidrug-resistant bacteria 

Multidrug-resistant bacteria Number Percentage 

Methicillin-resistant Staphylococcus aureus (MRSA) 10 22% 

MRSA resistant to glycopeptides 0 0% 

Enterococcus faecium resistant to glycopeptides 0 0% 

Enterobacteria resistant to third-generation cephalosporins 22 48% 

- Enterobacteria producing ESBL 18 39% 

- Enterobacteria producing cephalosporinases 4 9% 

Enterobacteria resistant to carbapenems 6 13% 

Pseudomonas aeruginosa resistant to ceftazidime and / or carbapenems 0 0% 

Acinetobacter baumannii multiresistant to betalactamines 14 30% 

 

DISCUSSION 

Collection is a critical step in the 

microbiological documentation of diabetic foot 

infections. Its quality conditions the results of analysis 

and therefore the therapeutic attitude adopted by the 

clinician. Currently, there is no consensus on the best 

sampling technique because none has an ideal 

sensitivity [5]. However, learned societies advocate 

deep sampling by curettage, by fine syringe aspiration 

of purulent secretions or by preoperative tissue or bone 

biopsy [6]. In our study, three methods of sampling 

were applied; deep sampling by curettage, aspiration 

with a fine syringe and superficial swabbing. The 

majority of our samples were deep representing 64% of 

all. The particular requirements of anaerobic cultures 

led us to devote our study to the isolation of strict 

aerobic germs. Although strict anaerobes are widely 

indicted in diabetic foot infections, they nevertheless 

remain sensitive to the antibiotics conventionally used 

in this pathology and therefore in practice their isolation 

is of little use [7, 8]. In 14% of our samples, their 

presence was strongly suspected on direct examination. 

Although most studies on this subject report that 

diabetic foot infection is polymicrobial [9, 10]. In our 

study, cultures were monomicrobial in 75% of cases 

and polymicrobial in 14% of cases. Similar results have 

been reported by Turhan et al. and Richard et al. [11, 

12]. Medical literature reports that diabetic foot 

infections are dominated by Gram-positive bacteria [12, 

13]. This predominance, however, remains non-

universal since recent studies in countries in Africa and 

Asia have reported the prevalence of Gram-negative 

bacteria in diabetic foot infections [11, 14, 15]. This 

geographical disparity is linked to climatic 

environmental factors, to the previous taking of 

antibiotics or to the technical factors of sampling or 

cultivation [16]. Our study showed the predominance of 

Gram-negative bacilli with an isolation rate of 58.4%. 

The Gram-positive bacteria isolation rate was 40.4%. 

The most frequently isolated species was 

Staphylococcus aureus which accounted for 20.2% of 

the isolates. Indeed, several studies carried out on this 

subject show that Staphylococcus aureus is the most 

frequently isolated pathogen in diabetic foot infections 

[12, 13, 17]. Among the Gram-negative bacilli, we 

noted the prevalence of enterobacteria representing 

47.2% of isolates. Escherichia coli were the most 

commonly found species and the second most common 

among all germs. It accounted for 18% of the isolates. 

These results are similar to those reported by Zemmouri 

and al where Escherichia coli was the second most 

frequently isolated pathogen after Staphylococcus 

aureus, with an isolation rate of 20% [18]. In our study, 

Gram-positive bacteria expressed a high rate of 

resistance to penicillin G (92%). Vancomycin and 

fusidic acid were the most active antibiotics; 

vancomycin was active on all Gram-positive bacteria 

and fusidic acid was active on 95% of staphylococci. In 

the Turhan and al study, vancomycin was active on all 

BGPs. Fusidic acid was active on all staphylococci, 
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including methicillin-resistant strains [11]. Fusidic acid 

could therefore be a good alternative in the treatment of 

diabetic foot infections. For Gram negative bacilli, the 

enterobacterial strains isolated in our study expressed a 

high level of resistance to ampicillin (87%), ticarcillin 

(79%), amoxicillin-clavulanic acid (71%) and 

ciprofloxacin (41%). Imipenem and amikacin were the 

most active antibiotics. The resistance rate to these 

antibiotics was respectively 5% and 15%. In the studies 

of Turhan and al and Al Benwan et al. imipenem, 

amikacin and piperacillin-tazobactam were the most 

active antibiotics on Gram negative bacilli. These 

bacteria expressed a high level of resistance to 

ampicillin, amoxicillin-clavulanic acid and 

ciprofloxacin [9, 11]. Based on these results, it would 

be preferable to avoid prescribing amoxicillin-

clavulanic acid and ciprofloxacin in the probabilistic 

antibiotic treatment of diabetic foot infection. The 

resistance rate for these antibiotics is high especially for 

Gram negative bacilli. This could be the source of 

emergence and diffusion of multidrug-resistant bacteria. 

In our study, we isolated 46 multidrug-resistant bacteria 

representing 25.8% of the isolates. In the Djahmi and al 

study, the multidrug-resistant bacteria level was higher 

representing 58.5% of the isolates [19]. In our study, 

MRSA accounted for 21.7% of BMRs and 28.8% of 

Staphylococcus aureus isolates. This is consistent with 

Richard and al's study, where MRSA accounted for 

25% of Staphylococcus aureus isolates [12]. Djahmi 

and al reported a higher rate of MRSA; they accounted 

for 85.9% of Staphylococcus aureus isolates [19]. All 

isolated MRSA in our study were sensitive to 

vancomycin. The same result was reported by Durgad 

and al and Djahmi et al. [14, 19]. In contrast, 

vancomycin-resistant strains of Staphylococcus aureus 

have been described during diabetic foot infection, 

particularly in the United States [20, 21]. Third-

generation cephalosporins resistant enterobacteria 

accounted for 47.8% of multidrug-resistant bacteria and 

28.9% of enterobacteria in our study. Djahmi and al 

showed a higher rate of resistance of enterobacteria to 

third-generation cephalosporins; they accounted for 

57% of enterobacteria [19]. Richard and al reported a 

lower rate of 6% [12]. In our study, ESBL-producing 

enterobacteria accounted for 81.8% of enterobacteria 

resistant to third-generation cephalosporins and 23.7% 

of all enterobacteria. Durgad et al. found a similar rate; 

23% of enterobacteria isolated in their study produced 

ESBL [14]. Our isolates of Pseudomonas aeruginosa 

were multisensitive to antibiotics. This result is similar 

to that reported by Durgad et al. [14]. In contrast, 

multiresistant strains have been reported by Gadepali et 

al. [22]. The strains of Acinetobacter baumannii 

isolated in our study were 14 in number. They were all 

multiresistant to betalactamines thus representing 

30.4% of multidrug-resistant bacteria. Of these strains 8 

(57%) were resistant to imipenem. Gadepali et al. 

Turhan et al. And Mendes and al Reported 

Acinetobacter baumannii strains multidrug-resistant to 

betalactamines and carbapenems in their studies [11, 

22, 23]. Among the multidrug-resistant bacteria isolates 

in our study, highly resistant bacteria were isolated, 

which are enterobacteria resistant to carbapenems. Six 

strains were isolated representing 7.9% enterobacteria 

and 3.4% of all isolates; these are two strains of 

Klebsiella pneumoniae and one strain of Enterobacter 

cloacae. These bacteria are involved in nosocomial 

infections, they have a high resistance potential linked 

to the multiplicity of resistance mechanisms they 

develop. 

 

CONCLUSION 

Optimal antibiotic therapy is one of the key 

elements in the management of diabetic foot infections. 

It requires a surveillance of the bacterial epidemiology 

and a precise documentation of the infection using 

quality bacteriological samples. In our study, isolated 

bacteria had high levels of antibiotic resistance. In 

addition, a high prevalence of multidrug-resistant 

bacteria was found. The emergence of multidrug-

resistant bacteria is a global public health problem. In 

the absence of new antibacterial agents, this may lead to 

therapeutic impasses. The fight against this 

phenomenon requires a multidisciplinary approach that 

should integrate the rationalization of the prescription 

of antibiotics and strict compliance with hygiene 

measures. 

 

REFERENCES 

1. Lamchahab FZ, El Kihal N, Khoudri I, Chraibi A, 

Hassam B, Ait Ourhroui M. Factors influencing the 

awareness of diabetic foot risks. Annals of physical 

and rehabilitation medicine. Sep 2011;54(6):359-

365. 

2. Richard JL, Schuldiner S. Epidémiologie du pied 

diabétique. La revue de médecine interne. 2008 Sep 

1;29:S222-30.  

3. Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peters 

EJ, Armstrong DG, Deery HG, Embil JM, Joseph 

WS, Karchmer AW, Pinzur MS. Executive 

summary: 2012 Infectious Diseases Society of 

America clinical practice guideline for the 

diagnosis and treatment of diabetic foot infections. 

Clinical Infectious Diseases. 2012 Jun 

15;54(12):1679-84.  

4. Senneville E. Infection et pied diabétique. La revue 

de médecine interne. 2008 Sep 1;29:S243-8.  

5. Lipsky BA. Medical treatment of diabetic foot 

infections. Clinical infectious diseases. 2004 Aug 

1;39(Supplement_2):S104-14.  

6. O'Meara S, Nelson E, Golder S, Dalton J, Craig D, 

Iglesias C. Systematic review of methods to 

diagnose infection in foot ulcers in diabetes. 

Diabetic medicine. 2006;23(4):341-347. 

7. Gerding DN. Foot infections in diabetic patients: 

the role of anaerobes. Clinical Infectious Diseases. 

1995 Jun 1;20(Supplement_2):S283-8.  



 

 
Zohair Ait Ouzdi et al., Sch J App Med Sci, April, 2019; 7(4): 1522-1527 

© 2019 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India                                                                                          1527 

 

 

8. Lipsky B, Pecoraro R, Wheat L. The diabetic foot. 

Soft tissue and bone infection. Infectious disease 

clinics of North America. 1990;4(3):409-432. 

9. Al Benwan K, Al Mulla A, Rotimi VO. A study of 

the microbiology of diabetic foot infections in a 

teaching hospital in  Kuwait. Journal of infection 

and public health. 2012;5(1):1-8. 

10. Raja NS. Microbiology of diabetic foot infections 

in a teaching hospital in Malaysia: a retrospective 

study of 194 cases. Journal of Microbiology 

Immunology and Infection. 2007;40(1):39. 

11. Turhan V, Mutluoglu M, Acar A, Hatipoglu M, 

Onem Y, Uzun G, Ay H, Oncul O, Gorenek L. 

Increasing incidence of Gram-negative organisms 

in bacterial agents isolated from diabetic foot 

ulcers. The Journal of Infection in Developing 

Countries. 2013 Oct 15;7(10):707-12.  

12. Richard JL, Lavigne JP, Got I, Hartemann A, 

Malgrange D, Tsirtsikolou D, Baleydier A, 

Senneville E. Management of patients hospitalized 

for diabetic foot infection: results of the French 

OPIDIA study. Diabetes & metabolism. 2011 Jun 

1;37(3):208-15.  

13. Citron DM, Goldstein EJ, Merriam CV, Lipsky 

BA, Abramson MA. Bacteriology of moderate-to-

severe diabetic foot infections and in vitro activity 

of antimicrobial agents. Journal of clinical 

microbiology. 2007;45(9):2819-2828. 

14. Durgad S, Koticha A, Nataraj G, Deshpande A, 

Mehta P. Diabetic foot ulcers—where do we stand 

microbiologically? International Journal of 

Diabetes in Developing Countries. 2014;34(3):169-

173. 

15. Ako-Nai A, Ikem I, Akinloye O, Aboderin A, Ikem 

R, Kassim O. Characterization of bacterial isolates 

from diabetic foot infections in Ile-Ife, 

Southwestern Nigeria. The Foot. 2006;16(3):158-

164. 

16. Uçkay I, Gariani K, Pataky Z, Lipsky BA. Diabetic 

foot infections: state‐of‐the‐art.  Diabetes, Obesity 

and Metabolism. 2014;16(4):305-316. 

17. Wang SH, Sun ZL, Guo YJ, Yang BQ, Yuan Y, 

Wei Q, Ye KP. Meticillin-resistant Staphylococcus 

aureus isolated from foot ulcers in diabetic patients 

in a Chinese care hospital: risk factors for infection 

and prevalence. Journal of medical microbiology. 

2010 Oct 1;59(10):1219-24.  

18. Zemmouri A, Tarchouli M, Benbouha A, and al. 

Profil bactériologique du pied diabétique et son 

impact sur le choix des antibiotiques. Pan African 

Medical Journal. 2015;20(1). 

19. Djahmi N, Messad N, Nedjai S, Moussaoui A, 

Mazouz D, Richard JL, Sotto A, Lavigne JP. 

Molecular epidemiology of Staphylococcus aureus 

strains isolated from inpatients with infected 

diabetic foot ulcers in an Algerian University 

Hospital. Clinical Microbiology and Infection. 

2013 Sep 1;19(9):E398-404.  

20. Lipsky BA, Berendt AR, Deery HG, Embil JM, 

Joseph WS, Karchmer AW, LeFrock JL, Lew DP, 

Mader JT, Norden C, Tan JS. Diagnosis and 

treatment of diabetic foot infections. Clinical 

Infectious Diseases. 2004 Oct 1:885-910.  

21. Limbago BM, Kallen AJ, Zhu W, Eggers P, 

McDougal LK, Albrecht VS. Report of the 13
th
 

vancomycin-resistant Staphylococcus aureus 

isolate from the United States. Journal of clinical 

microbiology. 2014;52(3):998-1002. 

22. Gadepalli R, Dhawan B, Sreenivas V, Kapil A, 

Ammini AC, Chaudhry R. A clinico-

microbiological study of diabetic foot ulcers in an 

Indian tertiary care hospital. Diabetes care. 2006 

Aug 1;29(8):1727-32.  

23. Mendes JJ, Marques-Costa A, Vilela C, Neves J, 

Candeias N, Cavaco-Silva P, Melo-Cristino J. 

Clinical and bacteriological survey of diabetic foot 

infections in Lisbon. Diabetes research and clinical 

practice. 2012 Jan 1;95(1):153-61. 


