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Introduction:
Diabetes Mellitus is one of the most debilitat-
ing systemic diseases of  21st century. It is one of 
leading cause of morbidity and mortality now-
a-days with a prevalence of 8.5% worldwide.1 

Diabetic foot ulcer is known complication of 
diabetes. Th e risk of undergoing amputation 
is 15-45 times higher in diabetic foot when 
compared to other causes.2 Diabetic foot ulcer 
prevalence ranges from 4 to 10% in Pakistan and 
amputation rates for diabetic foot is very high 
and accounts for 21 to 48% of all amputations.3 
Th e risk factors for diabetic foot include age of 

patient, long standing diabetes, poor glycemic 
control, peripheral vascular disease, structural 
deformity and foot infection.4

Diabetic foot and its infection are most worri-
some complication of diabetes. Diabetic foot 
infection is an important cause of admission in 
surgical ward. Diabetic foot infections are of-
ten polymicrobial. Most oft en these are aerobic 
bacteria, such as Staphylococcus aureus, Strep-
tococcus pyogenes, Escherichia coli (E.coli), 
Proteus mirabilis, Pseudomonas aeruginosa, 
and anaerobic bacteria, for example, Bacteroides 
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fragilis, Clostridium perfringens, Peptostrepto-
coccus spp., and Prevotellaoralis. Th e increas-
ing association of multidrug-resistant pathogens 
with diabetic foot ulcers further compounds the 
challenge faced by the physician or surgeon in 
treating diabetic foot ulcer without resorting to 
amputation. Infection with multidrug- resistant 
pathogens is also responsible for the increased 
duration of hospitalization, cost of manage-
ment, morbidity and mortality of the diabetic 
patients and are actually preventable if timely 
and appropriate measures are taken (49-85%).5,6

Th ere are numerous studies in the literature on 
microbiological study of diabetic foot infections 
along with their susceptibility patt erns for anti-
biotic therapy from diff erent parts of the world 
and also studies have been conducted in Paki-
stan however no local data is available. In view of 
the above facts, a prospective study was carried 
out at tertiary care hospital Mardan to deter-
mine the relative frequency of microbial isolates 
cultured from diabetic foot infections and to as-
sess their susceptibility to the commonly used 
antibiotics.

Methods and Materials:
Th is cross-sectional study was conducted at Sur-
gical Department of Mardan Medical Complex, 
Mardan from June 2017 to May 2018. Aft er ap-
proval from hospital ethical committ ee, a total 
of 44 consecutive patients with type-1 or type-2 
diabetes admitt ed with infected wound on foot, 
of any age and gender were included in the study.

All the patients were selected through non- 
probability consecutive technique. Patients 
were included in the study aft er taking informed 
and writt en consent. Detailed history and thor-
ough examination of the patients were done. 
Tissue culture from the infected foot wound 
was taken under strict aseptic techniques before 
starting patient on antibiotic and sent for culture 
and antibiotic sensitivity to hospital laboratory.

All the data was recorded on a standardized per-
forma.  Bias and confounders in the study were 
controlled by strictly following the exclusion 
criteria. Th e data was analyzed with the help of 
computer soft ware SPSS for windows version 
21. For categorical variables, frequencies were 
calculated while for continuous variables; mean 
and standard deviation were calculated.

Results:
In this study 44 patients were included. Th e age 
range was 45 years to 70 years with mean age of 
58.3±7.63 years. Among 44 patients 20(45.5%) 
were male and 24(54.5%) were female. All 
(100%) the patients had type-2 diabetes. Right 
foot was involved in 27(61.4%) patients while 
left  foot in 17(38.6%) patients. Monomicrobial 
culture was obtained from 32 patients, polymi-
crobial culture was obtained from 8 patients and 
no growth found in 4 patients. Gram negative 
aerobes were predominant (70%) with gram 
positive found only in 30% of wounds of diabet-
ic foot. Escherichia coli was the commonest or-
ganism isolated (35%) followed by Methicillin 
Resistant Staphylococcus Aureus (MRSA) 20% 
and Proteus (10%) as shown in table-1.

Escherichia coli were found sensitive to Car-
bapenems, Amikacin and Tazobactum piper-
acillin. While MRSA and Enterococci were 
sensitive to Vancomycin and Linzolid. Proteus 
species were sensitive carbapenems and Ami-
kacin. Klebsiella were susceptible to Amikacin, 
Tigecyclin and Polymixin B. Pseudomonas  was 
sensitive to fl oroquinolones and Vancomycin

Discussion:
Diabetic foot ulcer infection is a worrying com-
plication and is very diffi  cult to deal with. Poor 

Table-1: Organism isolated on wound culture

Frequency(n) Percent (%)
E. Coli 14 35.0

Pseudomonas+E.coli 2 5.0

MRSA+Streptococci 2 5.0

Enterococci+E.coli 2 5.0

Klebsiella 2 5.0

MRSA 8 20.0

Enterococci 2 5.0

Acelitobactor 2 5.0

Proteus 4 10.0

MRSA+morgenella 2 5.0

Total 40 100.0
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glycemic control along with neuropathy, vas-
culopathy and immunosuppression results in 
development of diabetic foot ulcer.7 Super im-
posed infection further deteriorates the prob-
lem resulting in spreading cellulites, osteomyeli-
tis and limb gangrene.8 Th is result in amputation 
and limb loss which can be prevented if appro-
priate and timely treatment given.2,6

Majority cases are due to poly microbial infec-
tion. Akhi MT et al performed a study which 
shows polymicrobial predominance 59% while 
mono-microbial infection was found in 41% of 
cases.9 In another study performed by Saseed-
hran S et al polymicrobial predominance was 
found to be 55.7% and mono microbial infec-
tion was found in 44.3%.10 Some studies shows 
monomicrobial infection predominance.10-12 
Th is diff erence may be because of geographical 
variation and severity of infection. Our study 
shows predominance of monomicrobial infec-
tion in 32 patients (80%) while polymicrobial 
infection was found only in 8 cases(20%).

Most studies shows predominance of gram posi-
tive infection.9-11 In some studies there is pre-
dominance of gram negative infection.2,6,11,13 In 
our study there was predominance of gram neg-
ative aerobes 54% and gram positive was found 
only in 27.27%. Previously Methicillin resistant 
staphylococcus aureus was considered to be the 
predominant organism involved in diabetic foot 
ulcer infection.9,10,14,15 But recent studies suggest 
that there is change in culture patt ern of isolates 
from diabetic foot infection with predominance 
of gram negative bacteria.14,15 Gadepalli R et al 
reported that E.coli being most common cul-
tured bacteria from diabetic foot 37%.6 In our 
study E.coli found to be the most common 
bacteria being cultured in 40.90% of cases sec-
ond most common bacterial culture was MRSA 
27.27%. Th ird most common pathogen isolated 
from samples was Proteus Penneri 9.1%. From 
9.1% of samples no bacteria were isolated. Th is 
may be because the infection was caused by 
fungus or some atypical bacteria that are grown 
in some special culture media or these infec-
tions were caused by some anaerobic pathogens 
which need special considerations.

In our study the most common bacteria was 
E.coli. All samples isolated were found sensitive 
to Carbapenems, Amikacin and Tazobactum/
Piperacillin and resistant to Penicillin, cepha-
losporin and fl oroquinolones. Nageen A and 
Bengalorkar G.M also reported that E.coli was 
sensitive to carbapenems and Amikacin.5,6 Th e 
resistance to other antibiotics may be due to 
previously untreated or partially treated diabetic 
foot infection or use of antibiotics for some oth-
er infection. Th e second most common patho-
gen isolated was MRSA this pathogen was found 
sensitive to Vancomycin and Linzolid. Previous 
studies also show that this pathogen is sensitive 
Linzolid and Vancomycin.17 Proteus penneri 
was third most common bacteria. Th ese bacteria 
were sensitive to Amikacin and Carbapenems. 
Pseudomonas and Enterococci are two impor-
tant bacteria in diabetic foot infection in this 
study they were found sensitive to fl oroquino-
lones, carbapenems and Vancomycin, Linzolid 
respectively.

Th ere are several limitations in this study that 
needs to be considered while interpreting its 
results. Th e sample size was small (44 patients) 
which may limit the power of the study. Patients 
were not followed up to see the effi  cacy of the 
antibiotics according to tissue culture and sensi-
tivity. Th e decision on proper management of di-
abetic foot infection is still debatable. Although 
optimal therapy is yet to be established, most au-
thors agree that the management of these infec-
tions requires isolation and identifi cation of the 
culprit organism; appropriate antibiotic therapy 
according to the sensitivity patt erns and proper 
timely surgical intervention when required. 

Conclusion:
Single organism was cultured from most of the 
infected foot wounds of diabetic patient with 
predominant gram-negative aerobes. Escherich-
ia coli was the commonest organism isolated 
followed by MRSA and Proteus. Escherichia 
coli were found sensitive to Carbapenems, Ami-
kacin and Tazobactum piperacillin while MRSA 
to Vancomycin and Linzolid and Proteus species 
to carbapenems and Amikacin. 
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Diabetic foot infections along with their suscep-
tibility patt erns for antibiotic therapy diff er in 
diff erent parts of the world. In view of the above 
facts, empirical antibiotic therapy might be initi-
ated according to local patt ern of bacterial etiol-
ogy and its sensitivity.

Confl ict of interest: None

Funding source: None

Role and contribution of authors:
Dr Mukhtiar Ali, discussion writing and proof 
reading 

Dr. Tamjeed Gul, introduction writing and data 
analysis 

Dr. Asif Imran, data collection

Dr. Abbas Ali, data collection and reference 
writing 

Dr. Amina Gul, data interpretation and analysis 

Dr. Salman Mukhtar, data collection 

References:
1. International Diabetes Federation IDF Diabetes Atlas (6th ed) 

Brussels, Belgium (2013)
2. Hefni AAH, Ibrahim AMR, Att ia KM et al.Bacteriological 

study of diabetic foot infection in Egypt. Journal of the Arab 
Society for Medical Research 2013; 8: 26–32

3. Khan A, Junaid N. Prevalence of diabetic foot syndrome 
amongst population with type 2 diabetes in Pakistan in pri-
mary care sett ings. J Pak Med Assoc 2017; 67:1818–24

4. Ali SM, Basit A, Fawad A, AhmdaniYA, Miyan Z, Malik RA . 
Presentation and outcome of diabetic foot at a tertiary care 

unit. Pak J Med Sci 2008; 24:651–5.
5. Nageen A. Th e most prevalent organism in diabetic foot ulcers 

and its drug sensitivity and resistance to diff erent standard 
antibiotics.J Coll Physicians Surg Pak 2016;26(4):293-6

6. Gadepalli R, Dhawan B, Sreenivas V, Kapil A, Ammini AC, 
Chaudhry R. A clinic-microbiological study of diabetic foot 
ulcers in an Indian tertiary care hospital. Diabetes Care 2006; 
29:1727–32.

7. Volmer-Th ole M, Lobmann R. Neuropathy and diabetic foot 
syndrome. Int J Mol Sci2016; 17:917.

8. Vishnu DM, Gowda DV, Karthik S et al. Complications and 
risk management of diabetic foot ulcer: a review. J Scientifi c 
Innovat Res 2014; 3(3):363–37

9. Akhi MT, Ghotaslou R, Asgharzadeh M,Varshochi M, Pirzadeh 
T, Memar MY. Bacterial etiology and antibiotic susceptibility 
patt ern of diabetic foot infections in Tabriz Iran. GMS Hyg. 
Infect. Control 2015, 10, Doc02

10. Saseedharan S, Sahu M, Chaddha R, Pathrose E, Bal A, Bhale-
kar P et al. Epidemiology of diabetic foot infections in a 
reference tertiary hospital in India. Braz J Microbiol 2018; 
49(2):401–6

11. Banu A, Noorul Hassan MM, Rajkumar J, and Srinivasa 
S.Spectrum of bacteria associated with diabetic foot ulcer 
and biofi lm formation: a prospective study. Australas Med. J. 
2015;8: 280–5. 

12. Citron DM, Goldstein EJ, Merriam CV, Lipsky BA, Abramson 
MA.Bacteriology of moderate-to-severe diabetic foot infec-
tions and in vitro activity of antimicrobial agents. Journal of 
Clinical Microbiology, 2007;45(9):2819–28, 

13. Turhan V, Mutluoglu M, Acar A, Hatipoglu M, Onem Y, Uzun 
G et al. Increasing incidence of Gram-negative organisms in 
bacterial agents isolated from diabetic foot ulcers. Th e Journal 
of Infection in Developing Countries 2013;7(10):707–12.

14. Dang CN, Prasad YD, Boulton AJ, Jude EB. Methicillin-resis-
tant Staphylococcus aureus in the diabetic foot clinic: a wors-
ening problem. Diabet Med, 2003;20:159-61

15. Shanmugam P, Jeya M, Linda SS. Th e bacteriology of diabetic 
foot ulcers, with a special reference to multidrug resistant 
strains. J Clin Diagn Res 2013;7(3):441–45. 

16. Bengalorkar G.M., Kumar T.N. Culture and sensitivity patt ern 
of micro-organism isolated from diabetic foot infections in a 
tertiary care hospital. Int J Cur Biomed Phar Res2011;1(2), 
34-40.

17. Sekhar SM, Vyas N, Unnikrishnan MK, Rodrigues GS, Muk-
hopadhyay C. Antimicrobial susceptibility patt ern in diabetic 
foot ulcer a pilot study. Ann Med Health Sci Res, 2014;4,742–
5.




