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ABSTRACT
Aim and objectives: To study the spectrum of microorganisms
in patients of diabetic foot infection (DFI) and to evaluate the
outcome in patients of DFI with multidrug resistant organisms
(MDRO).
Materials and methods: A total of 116 patients, visiting diabetic
foot clinic of our institute with DFI were observed in a prospective manner. Diagnosis of infection was based on clinical
findings using International Working Group on Diabetic Foot
and Infection Diseases Society of America (IWGDF-IDSA).
The microbiological profile of wound assessed at the time of
admission and patients were followed up for wound healing
rate, need for amputation and surgical interventions, hospital
stay, and mortality for 6 months.
Observation and results: The microbiological profile of our
patients showed that Gram-negative microorganisms were
commonly isolated (78.4%) from our patients. The culture trends
revealed that most common isolates were E. coli (33.6%), Pseudomonas (19.8%), Proteus (18%), Klebsiella (16%), Acinetobacter and Citrobacter among the Gram-negative organisms.
Among Gram-positive organisms, Staphylococcus aureus was
the most common isolate which was present in 29 (25%) of the
patients. MDRO were isolated from 13.8% of patients. Most
common MDRO isolated were methicillin-resistant S. aureus
(MRSA) and vancomycin-resistant Enterococci (VRE). The
outcome was assessed in terms of mortality rate, the rate of
major amputation, rate of minor amputation, the rate of multiple
surgical interventions, duration of hospitalisation and requirement of intensive care unit (ICU) admission, re-admission rate,
antibiotic requirement which were not significantly different
in patients with MDRO than that with non-MDRO (p-value >
0.05). The mean healing rate in patients with MDRO was not
significantly different than that from patients with non-MDRO
(p-value > 0.05).
Conclusion: Although the number of patients with MDRO is
small as compared to non-MDRO, the study found that MDRO
has no significance on the outcome of the patients with DFI.
Keywords: Diabetic foot infection, Methicillin-resistant S.
aureus, Multidrug-resistant organisms.
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INTRODUCTION
Approximately one-in-four people with diabetes develop
a foot ulcer during their lifetime and as many as half of
these ulcerations subsequently get infected.1,2Recently,
MDRO are seen to b e increasingly associated with diabetic foot infection (DFI), which further complicates the
management of diabetic foot syndrome. According to
the Centre for Disease Control and Prevention (CDC),
MDROs are defined as microorganisms, predominantly
bacteria, that are resistant to one or more classes of antimicrobial agents. Most commonly encountered MDRO is
methicillin-resistant Staphylococcus aureus (MRSA), vancomycin resistant Enterococci (VRE) and Gram-negative
bacteria producing extended-spectrum beta-lactamases
(ESBL), Metallo beta-lactamases (MBL). Although the
names of certain MDROs describe resistance to only one
agent (e.g., MRSA, VRE), these pathogens are frequently
resistant to most available antimicrobial agents.3
Various studies have been conducted throughout the
world to know the pattern and risk factors for the development of MDRO. MRSA is found to be the most common
MDRO isolated from diabetic foot infections. The overall
the prevalence of MRSAranges from 15-30% depending
on the geography.4 Large and deep ulcer, previous hospitalization and poor glycaemic control are identified as
some of the risk factors responsible for developing an
infection with these drug-resistant microorganisms. The
emergence and spread of MDROs are of global concern.
These infections require targeted antibiotic therapy for
prolonged duration leading to a longer hospital stay, the
overall cost of treatmentandadd to morbidity.However,
there are conflicting results about the effect of MDRO on
the ultimate outcome of DFI. Some studies have demonstrated that presence of MDRO has no significant impa
ct on healing time of ulcers,5others have demonstrated
that mortality from infections with MDRO is twice as
high as mortality from infections with microorganisms
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sensitive to antibiotics.6 The purpose of this study was
to further determine the overall significance of MDROs
in predicting outcome in patients with DFI.

MATERIALS AND METHODS
All patients of DFI attending the specialized clinic in
our hospital from Ja nuary 2013 to December 2014 were
included in the present study. Diagnosis of infection
was based on clinical findings using IWGDF-IDSA.
The patients were enrolledafter obtaining written and
informed consent. A detailed performa was filled noting
down the patient's relevant history, medical examination,
and diabetic status. A complete hemogram, renal function tests, blood sugars, HbA1c levels, and X-ray foot were
performed in all patients.
Neurological examination was done using Biothesiometer for vibration and temperature sensations and 10
gm monofilament for pressure. The vascular assessment
was done using the Ankle-Brachial Index (ABI)/Doppler
examination. The peripheral vascular disease was diagnosed, if ABI < 0.8. The ophthalmoscopic examination was
done to diagnose retinopathy. Pus/necrotic material was
obtained from a deep portion of the wound after drainage or debridement of the wound. Bone chips, if obtained
were also sent for the cultures.
The enrolled patients were followed up regularly
according to their clinical status and were assessed based
on a percentage of wound healing, reinfection, readmission, reintervention, and antibiotic therapy requirement,
at a monthly interval for 6 months.

Microbiological Study and Methods
The wound swabs were taken after superficial debridement to avoid ulcer colonization. Specimens were taken
using sterile swabs introduced deep into the wound. Only
the bacteriological results from these initial swabs were
considered to characterize MDRO status on admission.
Standard microbiological procedures were performed
for all swabs to isolate the pathogenic bacteria, anaerobic
bacteria, and fungi.

Bacterial Isolation
Gram's staining and aerobic culture were put for all the
swabs. Blood agar and MacConkey media were used for
primary isolation. The growth of bacteria was further
confirmed by characteristic growth on blood agar, MacConkey agar, Gram's staining, and various biochemical
tests.
Antibiotics susceptibility to routinely used antimicrobial was done by Kirby-Bauer susceptibility method.
Testing for MDRO was carried according to Clinical
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and Laboratory Standards Institute (CLSI) criteria and
standard protocols. MRSA, VRE, Gram-negative bacteria
producing ESBL and Pseudomonas species and Acinetobacter species producing MBL were considered as MDRO.

Statistical Analysis
The study was carried out in a prospective observational
manner and statistical analysis of the data was done at
the end of the study using appropriate statistical tests
depending on the variables. Quantitative data were presented as mean ± SD and range or median and interquartile range, as appropriate. Normality of quantitative data
was checked by measures of Kolmogorov–Smirnov tests
of normality. For normally distributed data, means were
compared using independent t-test. For skewed data or
scores, Mann–Whitney U-test was applied. For discrete
categorical data, number and percentages were calculated. Chi-square test or Fisher’s exact test were applied
for categorical data. All statistical tests were two-sided.
A p-value of <0.05 was considered to indicate statistical
significance. The analysis was conducted using Statistical
Package for Social Sciences (SPSS) for Windows (version
17.0; SPSS Inc., Chicago, IL, USA).

OBSERVATIONS AND RESULTS
A total of 116 patients were enrolled in this study. The
demographics and clinical characteristics of the patients
based on bacteriological results of initial swabs is given
in Table 1. The patients with negative culture report
were excluded from this study (6 patients). Patients were
classified as per IWGDF-IDSA classification into mild,
moderate and severe DFI. Mild infection was present in
2 (1.7%) patients, moderate infection was present in 70
(60.3%) patients and severe infection was present in 44
(37.9%) patients.

Microbiology
The microbiological findings on admission are given
in Table 2. The microbiological profile of our patients
showed that mono-microbial growth was present in 75
(64.6%) patients and poly-microbial growth was present
in 41 (35.34%) patients. The culture trends revealed that
most common isolates were E. coli (33.6%), Pseudomonas
(19.8%), Proteus (18%), Klebsiella (16%), Acinetobacter and
Citrobacter among the Gram-negative organisms. Among
Gram-positive organisms, Staphylococcus aureus was the
most common isolate which was present in 29 (25%) of
the patients. 48.27% of Staphylococcus aureus were MRSA.
MDRO were present in 16 (13.8%) patients, out of which 14
patients had MRSA and 3 patients had VRE. One patient
had both MRSA and VRE. Anaerobic cultures were sent
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Table 1: Demographic and clinical characteristics of the
patients

Age (years) (mean +/-SD)
Male
Female
Pain
Swelling
Ulcer
Gangrene
Discharge
Fever
Neuropathic
Neuroischemic
History of DFI
History of trauma
History of surgical
intervention
Previous antibiotic use
Duration of DM (years)
[mean+/-SD]
BMI (Kg/m2) (mean+/-SD)
HbA1C (mean+/-SD)
Retinopathy
Nephropathy
Foot deformity
Osteomyelitis

MDRO
N = 16
(13.8%)
54.88+/-9.7
10 (62.5)
6 (37.5)
9 (56.3)
13 (81.3)
10 (62.5)
7 (43.8)
12 (75)
10 (62.5)
11 (68.8)
5 (31.3)
10 (62.5)
4 (25)
9 (56.3)

NonMDRO
N = 100
(86.2%)
56.06+/11.38
76 (76)
24 (24)
43 (43)
86 (86)
53 (53)
56 (56)
73 (73)
49 (49)
56 (56)
40 (40)
43 (43)
36 (36)
35 (35)

8 (50)
43 (43)
11.53+/-6.59 10.85+/7.01
23.86+/-4.4 24.4+/-3.8
9.4+/-1.9
10.16+/2.39
14 (87.5)
68 (68)
3 (18.8)
14 (14)
3 (18.8)
23 (23)
1 (6.3)
16 (16)

pvalue
0.695
0.252
0.322
0.703
0.479
0.361
1.00
0.316
0.338
0.505
0.146
0.572
0.104
0.6
0.719
0.607
0.278
0.144
0.703
1.00
0.461

only for 65 patients due to technical reasons. None of the
specimen reported positive for anaerobes.

Outcome in DFI (MDRO versus non-MDRO)
There was no statistically significant in the two groups
with respect to demographic, clinical characteristics and
risk factors (Table 1). The outcome of patients with DFI
was assessed in terms of mortality, major amputation,
minor amputation, requirement of multiple surgical interventions, duration of hospitalization and requirement of
ICU admission, healing rate and follow-up and has been
summarized in Table 3. None of the parameters was
found to be statistically different between the two groups.
Mortality was seen in 6.25% patients with MDRO
and 3% of patients with non-MDRO (p-value = 0.532).
Major amputation was required in 18.8% of patients
with MDRO and 19% of patients with non-MDRO,
but this difference was statistically not significant
(p-value = 1). Minor amputation was done in 25% of
patients with MDRO and in 46% of patients with nonMDRO, but this difference was also not significant on
statistical analysis (p-value = 0.174). Multiple surgical
interventions were required in 50% of patients with
MDRO and 48% of patients with non-MDRO (p-value =

Table 2: Spectrum of microorganisms

Spectrum
Mono-microbial
Poly-microbial
Candida
Gram-negative
E. coli
Klebsiella
Proteus
Pseudomonas
Acinetobacter
Citrobacter
Gram-positive
Staphylococcus
aureus
Enterococci
Total number of
isolates
Number of isolates/
patient
MDRO
MDRO
MRSA
VRE

Relative
percentage
(%) of
isolates
(N = 160)

Number
of
patients
75
41
3

Percentage
(%) of
patients
(N = 116)
64.6
35.34
2.6

39
19
21
23
7
8

33.6
16.4
18.1
19.8
6
6.9

24.375
11.875
13.125
14.375
4.375
5

29

25

18.125

11
160

9.5

6.875

1.37

16
14
3

13.8
12.1
2.58

0.887). The mean duration of hospital stay in patients with
MDRO was 19.15 +/- 12.95 days which is slightly more
than that in patients with non-MDRO (17.65 +/- 8.05 days)
(p-value = 0.968 ). The requirement of ICU admission was
not seen in any patients with MDRO however 3% patients
with non-MDRO required ICU admission (p-value = 1).
Mean healing rate at the 6th month of follow-up in
patients with MDRO was 91.25% and in patients with
non-MDRO was 88.29%, however, this difference was
statistically not significant (p-value = 0.504) (Table 4 and
Fig. 1). Similarly, during follow-up visits rate of reinterTable 3: Outcome in patients with MDRO versus non-MDRO

Outcome
Mortality
Major
Amputation
Minor
Amputation
Multiple
Surgical
interventions
Duration
of hospital
stay (days)
(mean+/-SD)
ICU stay

The Journal of Foot and Ankle Surgery (Asia Pacific), July-December 2018;5(2):51-55

Total
N = 116
(100%)
4 (3.4)
22
(18.96)
50 (43.1)

MDRO
N = 16
(13.8%)
1 (6.25)
3 (18.8)

NonMDRO
N = 100
(86.2%)
3 (3%)
19 (19)

pvalue
0.532
1.00

4 (25)

46 (46)

0.174

56
(48.27)

8 (50)

48 (48)

0.887

17.87+/8.85

19.15+/12.95

17.65+/8.05

0.986

3 (2.58)

0 (0)

3 (3)

1.00
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Table 4: Mean healing rates (MDRO versus non-MDRO)
Follow up visit
(months)
1st
2nd
3rd
4th
5th
6th

Mean healing rate (%)
MDRO
25.71
47.5
66.25
78.85
89.62
91.25

Non-MDRO
27.22
44.68
58.47
72.29
79.71
88.29

p-value
0.64
0.604
0.247
0.286
0.07
0.504

vention, readmission and antibiotic requirement were
also compared at monthly intervals between the two
groups. However, no significant difference was identified
between the two groups.

DISCUSSION
The present study confirmed that the prevalence of
MDRO infection is not uncommon among diabetic foot
ulcer patients. MDROs were present in 13.8% of the
patients. 48.27% of Staphylococcus aureus were MRSA,
and 27.27 % of Enterococci were VRE. The reported
prevalence of MRSA in DFI range from 5 to 30%, and
there is an alarming trend for the increase in many
countries.4 In India incidence of MRSA shows variation
from 6 to 81%.7The impact of this multidrug resistance
on morbidity and mortality in DFI is debatable. As
compared to infection with drug-susceptible bacteria,
MDRO infections have been shown to increase hospital
stay and cost8 and, in some cases, to be associated with
increased morbidity or increased death rates.9 Contrary
to this, other studies have reported similar attributable
mortality rates to drug-resistant and drug-susceptible
organisms.10,11 Sanchez et al. observed that there is no
significant difference between mortality in patients with
and without MRSA (0% and 1.6% respectively) with a
p-value of 0.45.12 We also observed 6.25% mortality with
MDRO and 3% of patients with non-MDRO, the difference
was statisticallynon-significant.
The difference in the rate of major and minor amputations among the two groups was also found to be
statistically non- significant. This is in concordance with
other studies whichobserved that MDRO per se does
not increase the rate of amputations.12 Other factors
like poor compliance with off-loading and antibiotics,
vascular compromise and advanced stage diabetes are
more important in deciding amputations among these
patients.13 But, because of resistant nature of pathogens,
MDRO may require more surgical interventions as
compared to patients with non-MDRO. Multiple procedures were required in 50% of patients with MDRO
as compared to 48% of patients with non-MDRO.
Gadepalli et al. and others also observed that patients
with MDRO required significantly more surgical treat-
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Fig. 1: Mean healing rate at follow-up
(MDRO versus non-MDRO)

ment as compared to patients with non-MDRO (81% and
45% respectively) with p-value <0.01.14
Although the mean duration of hospital stay was
slightly more in patients with MDRO (19.15 +/- 12.95 days)
as compared to patients with non-MDRO (17.65 +/- 8.05
days (p-value = 0.986). Dang et al. reported that there is
no increase in hospitalization because of MRSA infection
in patients with DFI.15 Lavery et al. also observed that
length of hospital stay is not prolonged by the presence
of MRSA in DFI.16 The duration of hospital stay may also
depend on the management policy of the hospital. In our
hospital, patients are discharged once the healing begins
and glycemic control is attained and patients are advised
to come for follow-up regularly in diabetic foot clinic.
The effect of MDROs on ulcer healing is still not
clear. Mean healing rate at the 6th month of follow-up
in our patients with MDRO was 91.25% and in patients
with non-MDRO was 88.29%. However, this difference
was statistically not significant (p-value = 0.504). Various
other authors also observed that the presence of MDRO
is not associated with a significant difference in healing
time or percentage of hea led wounds.17,18 The rapid reaction against MDRO and similar in vivo virulence of both
MRSA and MSSA have been proposed as reasons for the
absence of healing difference among the two groups.17,19
In our department we also have the policy to start antiMRSA on the first visit especially when bone is found
to be involved on clinical examination. Then further
therapy is decided based on microbiological results. This
early reaction to MDRO is probably the reason for similar
wound healing seen among two groups. Furthermore, on
multivariate analysis, Richard et al. found that wound
depth and severity, neuroischemic ulcer, Hb1Ac level, and
proliferative retinopathy influence ulcer healing more
as compared to the drug-resistant status of microorganisms.13 On the contrary, Dang et al. in their study reported
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that MRSA infection was associated with slower ulcer
healing.15 Tentolouris et al. also observed that patients
with MRSA had significantly longer healing time than
patients whose ulcers were infected by MSSA.20
The small number of cases may limit statistical conclusions about the true differences between two groups but
it seems, from our experience where treatment is based
on early anti-MDRO and aggressive surgical treatment,
that MDRO infections are not associated with worse
prognosis in patients with DFI.
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