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ABSTRACT 

BACKGROUND 

Diabetic foot infections can be devastating, often eventuating in hospitalisation and occasionally a lower extremity amputation. Over 

the past three decades, studies have provided data with which evidence-based guidelines were developed. These have used a 

methodical approach to evaluate the available evidence on determining which diabetic foot wounds are infected, how to culture 

these wounds, what local care and surgical procedures are most appropriate and how to approach providing optimal antibiotic 

therapy. 

 

MATERIALS AND METHODS 

This prospective study included 71 and 53 consecutive patients with diabetes and non-diabetics respectively with various wound 

infections; exudates were inoculated on nutrient agar, blood agar, MacConkey agar and chocolate agar plates for the isolation of 

aerobic bacteria and antibiotic susceptibility testing was performed. 

 

RESULTS 

A total number of ulcer samples analysed were 255,318 from Diabetes Mellitus (DM) and Non-Diabetes Mellitus (NDM) respectively. 

The isolates of culture positive were 71 (27.84%) and 53 (16.67%). In diabetic group more resistance were penicillin (100%), 

azithromycin (87.32%), cefotaxime (88.73%), erythromycin (92.96%) and polymyxin B (78.87%). In non-diabetic group, more 

resistance were penicillin (98.11%), cefotaxime (75.47%) and erythromycin (88.68%). 

 

CONCLUSION 

Rate of antibiotic resistance was more in diabetic persons. They are prone for variety of infections when compared with non-diabetic 

mellitus. In both groups aztreonam, amikacin, gentamicin, tetracycline, vancomycin and imipenem were the most useful antibiotics. 
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BACKGROUND 

Insulin is an enzyme secreting by pancreas gland. When 

insulin decreased in secretion or action, that disease is called 

as diabetes. In 21st century diabetic and cardiovascular disease 

are emerging infections to mankind. Approximately, 320 

million persons will be diabetic in end of 2025.[1] Diabetic 

persons are also associated with reduced immunity system 

like decreased response of T-cell and its activity, etc.[2-4] The 

epidemiology of diabetic chronic wound infections due to 

countless studies surveying the associated microorganisms. 

Although, the specific percentages differ from study to study,  
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the most predominant aerobes are Staphylococcus aureus, 

coagulase-negative Staphylococci, Streptococcus species, 

Enterococcus species, Corynebacterium species, 

Enterobacteriaceae and Pseudomonas aeruginosa. Multidrug 

Resistant Organisms (MDRO) are defined as microorganisms 

that are resistant to two or more classes of antimicrobial 

agents.[5] For diabetics, the risk factors associated with 

acquiring an MDRO infection have been identified and include 

previous antibiotic therapy and its duration, frequency of 

hospitalisation, duration of hospital stays, osteomyelitis and 

proliferative retinopathy.[6,7,8] These risk factors would 

suggest that MDRO infection rates would be higher in the 

diabetic population versus the non-diabetic population; there 

have been no reports directly comparing the rates of MDRO 

infections in diabetic versus non-diabetic wounds. The goal of 

this study was to determine if infections with MDRO occurred 

more in the diabetic population, and if so which bacterial 

species were most prevalent. Approximately, one-fourth of 

people with diabetes will develop an ulcer during their lifetime 

and as many as half of these ulcers will become infected.[9,10] 

Diabetic foot ulcers are colonized by pathogenic bacteria that 

may predispose a susceptible patient to a lower extremity 

infection, defined as the invasion and multiplication of 
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microorganisms in body tissues associated with tissue 

destruction or host inflammatory responses.[11] 

In people with diabetes wounds/ulcers, several factors 

such as inappropriate antibiotic treatment, the chronic nature 

of the wound and frequent hospital admission can influence 

the presence of multidrug-resistant microorganisms in the 

ulcer. Recurrent pathogenic MDR strains can cause 

amputation, increased hospital stay, morbidity and mortality 

in diabetic persons. Therefore, the aim of the present study 

was to evaluate the bacteriological profile and drug resistance 

association of wound infections with and of diabetic at Rajiv 

Gandhi Institute of Medical Sciences (RIMS), Srikakulam, 

Andhra Pradesh in order to determine the relative frequencies 

of pathogens from wound infections and to study the in vitro 

antibiotic resistance. 

 

MATERIALS AND METHODS 

Study Design  

This prospective study included 71 and 53 consecutive 

patients with diabetes and non-diabetic respectively with 

various wound infection, who were Outpatient (OP) and 

Inpatient (IP) attended departments like General Medicine, 

Dental, Surgery, Orthopaedics, ENT of the Rajiv Gandhi 

Institute of Medical Sciences, Srikakulam between January 

2016 and October 2016. The Hospital is a 500-bedded tertiary 

care hospital utilised by people from most backward area of 

Srikakulam district and its surrounding areas. Demographic 

and lesion data including all types of wound infection of 

diabetic and non-diabetic patients, features of the lesion and 

location of the lesion were recorded for each patient. 

 

Characterisation of Bacterial Isolates  

Culture specimens were collected using sterile cotton swabs. 

To eliminate the possibility of isolating colonising bacteria, all 

type of wounds were included in the study. After cleaning the 

wound site with sterile normal saline, swab samples were 

collected aseptically and transported immediately in Stuart 

medium to laboratory. The specimens were inoculated on 

blood agar, chocolate agar, MacConkey agar and nutrient agar 

plates, incubated aerobically at 37°C for 24 hours. The isolates 

were further confirmed by gram-staining, colony morphology, 

hanging drop, an oxidase test, catalase test, slide and tube 

coagulase test and various biochemical tests.[12] In this study, 

anaerobic bacteria excluded. 

 

Antibiotic Sensitivity Testing  

Antibiotic sensitivity testing was performed by standard Kirby 

Bauer disk diffusion method followed to the Clinical and 

Laboratory Standards Institute (CLSI) guidelines.[13] The 

antibiotics used for Gram-positive bacteria were Cefoxitin, 

azithromycin, amoxicillin/clavulanic acid, imipenem, 

cephalexin, vancomycin, trimethoprim-sulfamethoxazole, 

oxacillin, penicillin and erythromycin. For Gram-negative 

bacteria were gentamicin, amoxicillin, norfloxacin, 

tetracycline, ampicillin, aztreonam, cefotaxime, imipenem, 

polymyxin B, amoxicillin/clavulanic acid and cefoxitin. 

Interpreted according to the criteria of the CLSI.[14] Multidrug-

Resistant Organisms (MDRO) were defined as bacteria that 

were resistant to more than one or all classes of antibiotics. 

 

 

Ethical Considerations  

The study was conducted after receiving approval of Ethics 

Committee in RIMS, Srikakulam (Rc No. Spl/EC/08/2016) and 

after obtaining informed consent subjects only. 

 

Statistical Analyses  

Used SPSS 16.0 version software were applied by bar diagram 

and chi-square (χ2) test a probability of 0.05 is taken as 

statistically significant. 

 

RESULTS 

Type of the 
Patient 

Total No. of 
Samples 
(Ulcers) 

Culture Negative (No 
Growth or Non-

Pathogens) 

Culture Positive 
(Pathogens 

Grown) 

Chi-
Square 
Value 

Degrees of 
Freedom 

Probability 

No. % No. % 
Diabetes 

Mellitus (DM) 
255 184 72.16 71 27.84 

10.4 1 
0.001 (Highly 

Significant) 
Non-Diabetes 

Mellitus 
(NDM) 

318 265 83.33 53 16.67 

Table 1. Isolation of Pathogens from Various Specimens 
 

Isolation of Pathogens from Various Specimens 

A total number of ulcer samples analysed were 255,318 from Diabetes Mellitus (DM) and Non-Diabetes Mellitus (NDM) respectively. 

The isolates of culture positive were 71 (27.84%), 53 (16.67%) shown in Table 1. There is a highly significant difference (P < 0.001) 

between Diabetes Mellitus (DM) and Non-Diabetes Mellitus (NDM) groups. 

 

Name of the 
Department 

Diabetes Mellitus 
(DM) 

Non-Diabetes Mellitus 
(NDM) Chi-Square 

Value 
Degrees of 
Freedom 

Probability 
No. % No. % 

General Medicine 39 54.93 17 32.08 

8.49 2 
0.014 

(Significant) 

Dental 18 25.35 14 26.42 
Surgery, Orthopaedics 

& ENT 
14 19.72 22 41.51 

Total 71 100 53 100 
Table 2. Isolation of Pathogens from Various Departments 

Isolation of Pathogens from Various Departments  
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Isolation of pathogens were more in General Medicine 39 (54.93%) and Dental Department 18 (25.35%) in Diabetes Mellitus (DM) 

group; in non-diabetic group Surgery 22 (41.51%) and General Medicine 17 (32.08%) departments appeared to have more isolation 

rate as shown in Table 2. There is a highly significant difference (P < 0.05) between diabetes mellitus versus non-diabetes mellitus 

groups and various departments. 

 

Type of the Patient 
Gram Positive 

Pathogens 
Gram Negative 

Pathogens 
Chi-Square 

Value 
Degrees of 
Freedom 

Probability 
No. % No. % 

Diabetes Mellitus 
(DM) 

31 43.66 40 56.34 
1.02 1 

0.312 (Not 
Significant) Non-Diabetes 

Mellitus (NDM) 
28 52.83 25 47.17 

Table 3. Isolation of Pathogens by Gram Staining 
 

Isolation of Pathogens by Gram Staining  

Isolation of gram negative pathogens 40 (56.34%) were more in diabetes mellitus and gram positive pathogens 28 (52.83%) more 

in non-diabetes mellitus groups respectively as shown in Table 3. There is no significant difference (P > 0.05) between diabetes 

mellitus versus non-diabetes mellitus groups and gram positive versus gram negative pathogens isolation. 

 

Type of 
Bacteria 

Type of 
Pathogen 

Diabetes 
Mellitus (DM) 

Non-Diabetes 
Mellitus (NDM) 

Chi-
Square 
Value 

Degrees of 
Freedom 

Probability 
No. % No. % 

Gram positive 
pathogens 

S. aureus 23 32.39 21 39.62 

1.5 6 
0.959 (Not 
Significant) 

S. pyogenes 5 7.04 5 9.43 
Enterococcus 3 4.23 2 3.77 

Gram negative 
pathogens 

Pseudomonas 17 23.94 9 16.98 
Klebsiella 11 15.49 7 13.21 

E. coli 7 9.86 5 9.43 
Proteus 5 7.04 4 7.55 

Total 71 100 53 100 

Table 4. Isolation of Pathogens by Species 

 

Isolation of Pathogens by Species  

Isolation of gram positive pathogen like S. aureus 23 (32.39%), 

21 (39.62%) were more and gram negative classification 

pseudomonas 17 (23.94%), 9 (16.98%) in diabetes and non-

diabetes mellitus groups respectively as shown in Table 4. 

There is no significant difference (P > 0.05) between diabetes 

mellitus versus non-diabetes mellitus groups and pathogenic 

species. 

 

 
 

Figure 1. Antibiotic Sensitivity of Diabetes and Non-Diabetes Mellitus Pathogens 
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Antibiotic Sensitivity of Diabetes and Non-Diabetes 

Mellitus Pathogens  

In diabetic group more resistance were penicillin (100%), 

azithromycin (87.32%), cefotaxime (88.73%), erythromycin 

(92.96%) and polymyxin B (78.87%). In non-diabetic group 

more resistance were cefotaxime (75.47%), erythromycin 

(88.68%) and penicillin (98.11%) as shown in Figure 1. 

 

DISCUSSION 

The prognosis of diabetic foot infections remains poor and the 

outcomes have been reported to be worse with MDR 

pathogens than with non-MDR pathogens in patients with 

diabetic wound infections.[9] Our study showed more MDR 

strains appeared in diabetic persons who were hospitalised, 

chronically wounded,[12,15] and few patients underwent some 

type of amputation. However, wound infections are associated 

with mono or polymicrobial infections. Moderate-to-severe 

infections often necessitate empirical regimens with activity 

against commonly isolated gram-negative bacilli, MRSA and 

perhaps Enterococcus spp.[16] 

The rate of wound infections vary widely between 

institutions, areas and site of infection. The current study 

showed more Multidrug Resistance (MDR) strains found in 

diabetic group. Mild infections are often managed with local 

wound care strategies and/or prophylactic measures. It is 

important to note that the decisions relating to the antibiotic 

treatment of wounds are influenced by clinical evidence, the 

availability of appropriate antibiotic interventions, patient’s 

requirement and practitioner’s expertise.[18] 

This study is limited by the aerobic bacteria evaluation, but 

anaerobic bacteria could not be investigated. Wound 

infections often associated with aerobic pathogens 

majorly[17,18,19,20] and evaluated gram-positive bacteria were 

predominant in diabetic wound infections, in case of non-

diabetic wound infections gram negative bacterium were 

more similar findings also mentioned by Abdulrazak et al, 

Wang et al and Urvish et al.[ 21,22,23] 

The study revealed diabetic wound infections are 

associated with MDR strains of gram positive and gram 

negative pathogens and were resistant to routine antibiotics. 

Pseudomonas, Staphylococcus and Streptococcus infections 

were predominant in diabetic persons.[24,25] Possible reasons 

for these differences by hypoxia, hyperglycaemia, etc., longer 

duration of infection, more frequent hospital exposures and 

extended periods of antibiotic use, all of which can influence 

shifts in the wound microbiota. 

Moreover, Proteus spp. was resistant to all betalactamics 

except imipenem, cefoxitin and gentamicin. Proteus spp. are 

known to produce a unique β-lactamase that has high activity 

against antibiotics, primarily cefotaxime[26] a third-generation 

cephalosporin. Furthermore, Escherichia coli were resistant to 

the majority of antibiotics tested, except gentamicin and 

imipenem.[27,28] 

 

CONCLUSION 

The present study report has some limitations, because 

cultures for aerobic bacteria could be performed and diabetic 

wound infections were predominantly due to gram-negative 

bacteria. Antibiotic resistance rate more in diabetic persons 

prone for variety of infections when compared with non-

diabetic mellitus. Amikacin, aztreonam, gentamicin, 

vancomycin, tetracycline and imipenem were the most 

effective antibiotics against almost all bacteria in both groups. 
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