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Abstract: Diabetes mellitus is a very serious systemic disease worldwide. Around 416 million cases were estimated in 2015
worldwide, and are expected to reach 549 million in 2030 which is 8.6% higher. Diabetes mellitus is the leading cause of
mortality and morbidity and is responsible for 3.8 million deaths annually. 25% of the diabetic patients are affected with foot
infections out of which, 15% people are forced for limb amputation which affects the quality of life of the patients. Diabetic foot
ulcer is a poly microbial infection mostly occurs due to Staphylococcus spp and Pseudomonas spp and pose serious complications.
Bacteria are the cause for much type of diseases and generate resistance to wide range of biofilm forming. Biofilms constitute
reservoirs of pathogens and are associated with resistance to antimicrobial agents and chronic infection. The study included 156
patients (59% male and 41% female) suffering diabetic foot ulcer whose pus culture was isolated. The identification of isolates for
both gram-negative and gram-positive organisms was done as per the procedures mentioned in Bergey’s manual of
Determinative Bacteriology. Further, MALDI- TOF (Matrix-Assisted Laser Desorption/lonization) was used to confirm the
identification of the isolates using classical methods. Staphylococcus spp (65%) and Pseudomonas spp (35%) biofilm producing
isolates were identified for Congo red method assay and Tissue culture plate method. Results of biofilm production in positive,
intermediate, negative differentiation on the Congo red plate assay and Tissue culture plate method assays were analyzed.
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l. INTRODUCTION

Worldwide diabetes mellitus is a very serious systemic
disease with higher incidence in the United States and more
than 30 million diabetes mellitus patients suffer multisystem
organ involvement frequently.'Diabetes mellitus is the
leading cause of death of 3.8 million annually.” Diabetes
mellitus is associated with long time complications of
mortality or morbidity among which foot ulceration is a
major problem that affects the quality of life.*The peripheral
vascular disease, neuropathy, foot ulceration and infection in
several pathological complications leads to gangrene
development that necessitates limb amputation. There is a
greater risk of being hospitalized for soft tissue and bone
infections.*Annually, the incident of foot ulceration is 1.0-
4.1% and prevalence is 4-10%.The principle causative factors
are peripheral neuropathy, vascular compromise, ulceration
and infections.*The foot infections are common and serious
problem in person with diabetes. Patients having impaired
microvascular circulation have limited access of phagocytes
in diabetic foot ulcer.’India is called the diabetes capital of
the world, with the world’s largest number of diabetic
disorders.” The commonest devastating complication in
diabetic patients is the non traumatic lower limb amputation
which is due to diabetic foot ulcer (8% to 17% in India) ®and
diabetic foot infections. Diabetic foot infection (DFI) occurs
predominantly due to a polymicrobial combination of gram
positive bacteria like Staphylococcus aureus or Enterococcus
and gram negative like Pseudomonas aeruginosa, E.coli,
Klebseilla  pneumoniae and  Proteus species etc.’The
microorganism that colonizes on the wound surface also
provides an ideal niche for further invasion resulting in the
infection. The interesting factor is that different
microorganisms can exist independently or combined from
micro-communities  within a matrix of extracellular
polymeric substances called as biofilm. The biofilm is
denoted as a solid, robust layer of mucilage adhering to a
surface and containing a community of bacteria and other
microorganisms. The hydrophobicity of the bacteria plays an
important role in the ability to form biofilms. The ability of a
microorganism in forming the biofilms is an important
virulence factor as it establishes a protective environment
for the organisms to survive.'® Biofilms pave the way for the
re-emergence of multi-drug resistant strains. The study of
diabetic foot ulcer and the isolated organisms helps to
detect the biofilm formation among the bacteria.
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2. MATERIALS AND METHODS

This study was conducted as a prospective study in 156
patients with diabetic foot ulcer, attending the inpatient and
outpatient department, Government Hospital, Perambalur,
Tamilnadu, India. The informed consent was obtained from
the subjects in their own language. All patients above 20
years and below 70 years of age having chronic diabetic foot
ulcer for a duration more than 3 months were included in
the study.Patients history was collected with detailed
demographic data including the age, sex, occupation, socio
economic status and the types of treatment. The ulcers
were graded using Wagner’s grading 0 to V.

I.1. Inclusion Criteria

The patients of 20 to 70 year age, diabetic foot infection and
foot ulcer of maximum three months and other disease and
disorder based sample collection.

1.2. Exclusion Criteria

Non diabetic foot ulcer and foot infection were excluded
from.

1.3.  Wagner’s grading 0 to V classification

Diabetic foot ulcers were given respective gradingas follows:
Grade 0 — No open lesion, Gradel — Superficial ulcer,
Gradell —Probing to tendon or capsule, Gradelll- Deep
ulcer with osteomyelitis, abscess and joint sepsis, GradelV —
Local gangrene in front foot whole ulcer, GradeV -
Gangrene of entire foot. In the study, patients were mostly
in Grade Il contamination. The foot wounds and tissue
debris were cleaned thoroughly with sterile water slowly
with gentle rubbing of the DFI wound site and swab in with
70% of alcohol. The ulcers were assessed by the surgeons
and culture material was collected with cotton tipped sterile
swabs from the deeper parts of diabetic foot ulcer (Figure
). The swab was deeply extended into the wound site
majorly to avoid contamination from the surroundings. The
copious volume of pus was aseptically collected by needle
aspiration method to avoid the major exogenous
contamination. The sample was then immediately

transferred to sterile tube with peptone or glucose water,
properly labeled and transported in aseptic condition within
24 hours to the laboratory.

Fig.l. Chronic diabetic foot ulcer
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1.4. Identification and Isolation

The sample was identified and isolated using specifically
selected media of Mannitol salt agar and Cetrimide agar. For
gram positive organisms such as Staphylococcus spp Mannitol
salt agar media was used while, Cetrimide agar media was
used for the isolation and identification of Pseudomonas spp.
The culture was preserved and further experiments were
carried out usingBrain Heart infusion Agar (BHIA) and
Nutrient Agar (NA).All the isolates were first subjected to
the classical methods of identification like morphology,
grams stain reaction, Biochemical reaction for Oxidase and
Catalase according to the Brgey's manual of determinative
bacteriology. Then all the identified isolates were confirmed
further with Matrix-Assisted Laser Desorption/ lonization
(MALDI-TOF).All the 167 isolates (Staphylococcus spp 65%
and Pseudomonas spp 35%) were identified for biofilm
formation by Congo red method assay and tissue culture
plate method.

1.5. Congo Red Plate Assay

Biofilm formation was detected by Congo red method using
a specifically prepared medium composed of brain heart
infusion (BHI) broth (37gms/L), sucrose (50gms/L), agar
no.l(10gms/L) and Congo red stain (0.8gms/L). The Congo
red stain was prepared as a concentrated aqueous solution
and autoclaved at 121°C for 15 minutes. Brain heart infusion
(BHI) medium was separately prepared and autoclaved.
Then agar medium was autoclaved at 55°C and cooled.
Congo red stain was added to the cooled plates. The plates
were then inoculated and incubated aerobically for 24 to 48
hours at 37°C. The plates were checked for biofilm
formation. It was observed that the biofilm formers
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produced black colonies with a dry crystalline consistency
while weak slime producers usually remained pink, through
occasional darkening at the «centers of colonies.
Indeterminate results were characterized by darkening of
the colonies, with the absence of a dry crystalline colonial
morphology (Figure 2 and 3). The tests were done in
triplicates and repeated three times.'" '?

1.6. Tissue Culture Plate Method

A sterile 96 well flat bottomed polystyrene microtiter plate
was used for the tissue culture plate method. 230 pl of
Trypticase Soy Broth (TSB) was taken and 20yl of overnight
bacterial culture was added to the corresponding well of
each strain. The negative control wells contained broth
only. The plates were incubated aerobically for 24 hours at
35%. The content of the wells was poured off and the wells
were washed three times with 300uL of sterile distilled
water. The bacteria adhering to the wells were fixed with
250uL methanol for |5 minutes. Then the wells were
stained with 250pL of 1% solution of crystal violet for five
minutes. Excess stain was removed by washing and wells
were air dried. The dye bound to the wells was soluble with
250pL of 33 percent glacial acetic acid. The optical density
(O.D) of each well was measured at 490nm to 600nm using
an ELISA auto reader. The tests were carried out in
triplicate and the result averaged. The OD was determined
as three standard deviation points above the mean O.D of
the negative control. The strains were classified as biofilm
producers and non producers. The data was analyzed using
Microsoft Excel 2010 Edition.”Thosetwo methods were
used to identify and isolate the biofilm producing
strain.(Figure 3).

Fig 2: Biofilm formation assay a) Tissue culture plates b) Congo red plate assay

3. RESULTS

The study included 156 samples collected from diabetic foot
ulcer patients (59% male patients and 41% f female patients).
The age ranged between 30 to 80 years. 167 isolates were
identified using Congo red method assay for bio film

formation. (Table 1), which showed positive 42%, moderate
4%, negative 44% for the gram positive strains and the
same assay in gram negative strains Pseudomonas spp
processed in positive 48%, moderate |5%,negative 37%
(Table I).
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Table I: Congo Red Assay and Tissue Culture Plate Assay

Congo red assay

Staphylococcus spp Pseudomonas spp

Positive 42% 48%
Moderate 14% 15%
Negative 44% 37%
Tissue culture plate assay Staphylococcus spp Pseudomonas spp
Positive 19% 19%
Moderate 1 4% 18%
Negative 67% 63%

The tissue culture plate assay method in the gram positive strains Staphylococci spp, showed positive 19%, moderate 4%,
negative 67% and gram negative strains of Pseudomonas spp were positive 19%, moderate 8%, negative 63 %. The overall study
of 167 cultures showed positive 32%, moderate 15% and negatives 53%. (Tablel).

Congo Red Plate Congo Red Plate
Assay Pseudomonas Assay Staphylococcus
Spp Spp
60% 30%
& £ 4004 -
£ 0% £ 300 -
¥ & 10% -
o = - =
positive Moderate  negative positive moderate negaative
Observation Observation
_ Tissue Culture Plate
Tissue Culture Plate Assay
Assay Staphylococcus spp
Pseudomonas spp
. B0% . B0%
E’:' 60% E”ED%
g 40% g 40%
g 20% g 20%
a 0% - | = 0% - -
positive  moderate negative positive moderate  negative
Observation Observation

Fig 3: Congo red and tissue culture plate assay

4. DISCUSSION

The host immune response in the Staphylococcus spp gives
the ability of biofilm formation in chronic cases. Bacterial
cells in the biofilm exhibit intrinsic resistance to antibiotics
due to mechanism conferred by changes in the biofilm
environment and inactivation of antimicrobial agents by
exopolyesaccharide."The wound infection, healing and
ischemia are the most common reasons for diabetes related
amputation and 80% of lower limb amputations in diabetic
patients are due to the biofilm formation in foot ulcer'®".
The diabetic mice showed that deleterious effect on the

innate immunity could lead to skin and soft tissue infections
by Staphylococcus spp'®. This is a common complication of
these ulcers and infections, which if left untreated, results in
limb amputation. According to United state national institute
of health, more than 80% of chronic bacterial infections
were associated with biofiims'>. The main characteristic of
DFU is the polymicrobial content that modulates bacterial
virulence in within DFU microorganisms from a complex
polymicrobial biofilm community and intercommunicate®.
The present study includes samples of monomicrobial and
polymicrobial isolates of DFU. The monomicrobial nature of
infection is associated with the duration of the ulcer
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treatment. In the early stages of infection, monomicrobial
prevails and as infection progresses with time a
polymicrobial in necrosis tend to emerge out.?’. The most
studied bacterial interaction in diabetic foot ulcer is the
cooperation between Staphylococcus spp and Pseudomonas
spp formed in deeper wound bed *.. There are many
substances produced in Pseudomonas spp and Staphylococcus
spp Which play protective role against antibiotics*. The
biofilm structure was analysed microscopically and
biochemically that showed multiple layers of bacteria
encased in a biofilm matrix containing proteins and
polysaccharides. The mechanism for multidrug resistance in
biofilm forming organisms is believed to be a direct result of
close cell-cell contact in the biofilm which allows easy
transfer of plasmids containing MDR genes amongst one
another”. Organisms from the biofilm were also
characterised with tolerance which is temporary and non
heritable. Antibiotic mechanism of action depends on the
division of cells which are inactive against microbes in
biofilm and seems slow growing®. Biofilm play a vital role in
delayed wound healing of DFU and DFls. They are difficult
to treat especially by using the classical antibiotics for
preventing diffusion from biofilms. These biofilms
encountered chronic wounds, such as diabetic foot ulcer are
polymicrobial, which can enhance bacterial interaction. Thus,
treatment methods are crucially needed, particularly
because of the MDR bacteria.”.

REFERENCES

BurrowsNR, Horal, Geiss LS, Gregg EW, Albright A.
Incidence of end-stage renal disease attributed to
diabetes among persons with diagnosed diabetes—
United States and Puerto Rico, 2000-2014.
MMWRMorb MortalWklyRep.
2017Nov3;66(43):1165-70. doi:
10.15585/mmwr.mmé643a2, PMID 29095800.

KhanMl, Arbab R, Khan A, Mehmood M, Arshad A,
JaffarH, Qazi H. Commonly isolated organism in
diabetic foot an dits antibiotic sensitivity, an
experience attertiary Care Hospital.
2020Mar18;11(1):23-30.

AlbertiKG,Zimmet P, Shaw ]. International Diabetes
Federation: a consensus on Type 2 diabetes
prevention. DiabetMed. 2007May;24(5):451-63. doi:
10.1111/j.1464-5491.2007.02157.x, PMID 17470191.
Akwah L. Bacteriology of diabetic foot ulcers with
reference to multidrug resistance strains at the
Yaounde Central Hospital (Cameroon). J Dis Med
Plants. 2015Sep2;1(4):53-8. doi:
10.11648/j.jdmp.20150104.11.

PriyaJ, Rajkumar R, Bakthasingh. A descriptive study
on prevalence of bacterial pathogens in diabetic ulcer
and interventional component for the prevention of
foot ulcers. Intj MedRes Health Sci. 2014;3(4):856-60.
doi: 10.5958/2319-5886.2014.00014.9.

Shakil S, Khan AU. Infected foot ulcers in male and
female diabetic patients: aclinico-bioinformative
study.Ann ClinMicrobiolAntimicrob. 2010Dec;9(1):2.
doi: 10.1186/1476-0711-9-2, PMID 2007091 1.

Mohan V,SandeepS,Deepa R, Shah B, Varghese C.
Epidemiology of type 2 diabetes: Indian scenario.
Indian ] MedRes. 2007Marl;125(3):217-30. PMID
17496352.

Microbiology

5. CONCLUSION

The chronic diabetic foot infection associated with biofilm
formation has been concerned as a major challenge to
diabetes treatment. In our study, we found that the biofilm
producing bacteria showed more resistance to the
antibiotics than non-biofilm producing bacteria. The study of
biofilm formation by assay method is an easy and cost
effective test that can be performed routinely in the
laboratory. The biofilm detection will be helpful in effectively
managing the infections in diabetic foot ulcer patients.

6. AUTHORS’ CONTRIBUTIONS

Suresh SS Raja designed and supervised the experiments.
Ramasmay Venkatesan carried out the research work and
wrote the manuscript. R.Vijayakumar and K.Panneer Selvam
interpreted the results and verified the final manuscript. All
authors read and approved the final manuscript.

7. CONFLICT OF INTEREST

Conflict of interest declared none

8. SwarnaSR,MadhavanR,GomathiS,Thamaraiselvi S. A

study of biofilm on diabetic foot ulcer.Int | Res Pharm
Biomed Sci.2012Dec;3:1809-4.

9. Ramakant P, Verma AK, Misra R, Prasad KN, Chand

G, Mishra A, Agarwal G, Agarwal A, Mishra SK.
Changing microbiological profile of pathogenic
bacteria in diabetic foot infections: time for a rethink
on which empirical therapy to
choose?Diabetologia.201 1Jan;54(1):58-64. doi:
10.1007/s00125-010-1893-7, PMID 20835702.

10. VS, Ali FLokareN,Matew ]. Diabetic foot ulcers and
biofilm formation-The culprits. Int ] Biomed
AdvRes.2016;7(9):428-33. doi: 10.7439/ijbar.v7i9.3594.

I'l.  MathurTSinghal S, Khan SUpadhyayDJ,Fatma T,
Rattan A. Detection of biofilm formation among the
clinical isolates of staphylococci: an evaluation of three
different screening methods.Indian J
MedMicrobiol.2006Jan |;24(1):25-9. doi: 10.4103/0255-
0857.19890, PMID 16505551.

12.  Percival SL, Cutting KF. Biofilms: possible strategies
for suppression in chronic wounds. Nurs Stand.
2009;23(32):64, 66, 68 passim. doi:
10.7748/ns2009.04.23.32.64.c7152. PMID 19441629.

13.  Lavery LA, Peters EJ, Armstrong DG, Wendel CS,
Murdoch DP,Lipsky BA. Risk factors for developing
osteomyelitis in patients with diabetic foot wounds.
Diabetes Res ClinPract.2009Mar|;83(3):347-52. doi:
10.1016/j.diabres.2008.11.030, PMID 19117631.

14, American Chemical Society. Introduction to biofilm
engineering.American Chemical Society; 2019.

I5. Ansari MA, Khan HM, KhanAA, CameotraSS,
Alzohairy MA. Anti-biofilm efficacy of silver
nanoparticles against MRSA and MRSE isolated from
wounds in a tertiary care hospital. Indian |

L-143


https://doi.org/10.15585/mmwr.mm6643a2
https://www.ncbi.nlm.nih.gov/pubmed/29095800
https://doi.org/10.1111/j.1464-5491.2007.02157.x
https://www.ncbi.nlm.nih.gov/pubmed/17470191
https://doi.org/10.11648/j.jdmp.20150104.11
https://doi.org/10.5958/2319-5886.2014.00014.9
https://doi.org/10.1186/1476-0711-9-2
https://www.ncbi.nlm.nih.gov/pubmed/20070911
https://www.ncbi.nlm.nih.gov/pubmed/17496352
https://doi.org/10.1007/s00125-010-1893-7
https://www.ncbi.nlm.nih.gov/pubmed/20835702
https://doi.org/10.7439/ijbar.v7i9.3594
https://doi.org/10.4103/0255-0857.19890
https://doi.org/10.4103/0255-0857.19890
https://www.ncbi.nlm.nih.gov/pubmed/16505551
https://doi.org/10.7748/ns2009.04.23.32.64.c7152
https://www.ncbi.nlm.nih.gov/pubmed/19441629
https://doi.org/10.1016/j.diabres.2008.11.030
https://www.ncbi.nlm.nih.gov/pubmed/19117631

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.5.L.139-144

20.

21.

MedMicrobiol.2015Jan1;33(1):101-9. doi:
10.4103/0255-0857.148402, PMID 2556001 1.

National Diabetes Data Group. (US), National
Diabetes Data Group (US). National Institute of
Arthritis, diabetes, digestive,& kidney diseases
(US). Diabetes Am Diabetes DataCompiled/984.
1985;85. US Department of Health and Human
Services, Public Health Service, National Institutes of
Health, National Institute of Arthritis. Diabetes, and
digestive and kidney diseases.

Adler Al, Boyko EJ, Ahroni JH, Smith DG. Lower-
extremity amputation in diabetes.The independent

effects of peripheral vascular disease, sensory
neuropathy, and foot ulcers. Diabetes
Care.1999)ul1;22(7):1029-35. doi:

10.2337/diacare.22.7.1029, PMID 10388962.

Park S, Rich ], Hanses F, Lee JC. Defects in innate
immunity predispose C57BL/6)-Lepr db/Leprdb Mice
to infection by Staphylococcus aureus. Infect Immun.
2009Mar;77(3):1008-14. doi: 10.1128/IA1.00976-08,
PMID 19103772.

Wu SC, DriverVR,Wrobel JS, Armstrong DG. Foot
ulcers in the diabetic patient, prevention and
treatment.VascHealth RiskManag.2007Feb;3(1):65-76.
PMID 17583176.

Dowd SE, Wolcott RD, Sun Y, McKeehan T, Smith E,
Rhoads D. Polymicrobial nature of chronic diabetic
foot ulcer biofilm infections determined using bacterial
tag encoded FLX ampliconpyro sequencing (bTEFAP).
PLOSONE.20080ct3;3(10):e3326. doi:
10.1371/journal.pone.0003326, PMID 1883333 1.

Banu A, Noorul Hassan MM, Rajkumar], Srinivasa S.
Spectrum of bacteria associated with diabetic foot
ulcer and Dbiofilm formation: a prospective

22.

23.

24.

25.

26.

27.

Microbiology

study.AustralasMed). 2015;8(9):280-5. doi:
10.4066/AM).2015.2422, PMID 26464584.

Jorgensen E, Bay L, Bjarnsholt T, Bundgaard L,
Serensen MA, Jacobsen S. The occurrence of biofilm
in an equine experimental wound model of healing by
secondary intention. VetMicrobiol. 2017May |;204:90-
5. doi: 10.1016/j.vetmic.2017.03.01 I, PMID 28532812.
Hoffman LR, Déziel E, d’Argenio DA, Lépine F,
Emerson ], McNamara S, Gibson RL, Ramsey BW,
Miller SI. Selection for Staphylococcus aureus small-
colony variants due to growth in the presence of
Pseudomonas aeruginosa. ProcNatlAcadSci U S A.
2006Dec26;103(52):19890-5. doi:
10.1073/pnas.0606756104, PMID 17172450.

Chan KG, Liu YC, Chang CY. Inhibiting N-acyl-
homoserine lactone synthesis and quenching
Pseudomonas quinolone quorum sensing to attenuate
virulence. Front Microbiol. 20150ctl9;6:1173. doi:
10.3389/fmicb.2015.01173, PMID 26539190.

Chen L, Yang Y, Zhang P, Wang S, Xu JF, Zhang X.
Degradable supramolecular photodynamic polymer
materials for biofilmelimination. ACS Appl Bio

Mater.2019Jun27;2(7):2920-6. doi:
10.1021/acsabm.9b00284.
Mertz PM. Cutaneous biofilms: friend or

foe!Wounds.2003;15:129-32.

PetersEJG, Lipsky BA, Senneville E, Abbas ZG,
Aragén-Sanchez ), Diggle M, Embil M, Kono S, Lavery
LA, Malone M, Urbanci¢-Rovan V, Van Asten SA.
Interventions in the management of infection in the
foot in diabetes: a systematic review. Diabetes
MetabRes Rev. 2020Mar;36;Suppl 1:€3282. doi:
10.1002/dmrr.3282, PMID 32176437.

L-144


https://doi.org/10.4103/0255-0857.148402
https://www.ncbi.nlm.nih.gov/pubmed/25560011
https://doi.org/10.2337/diacare.22.7.1029
https://www.ncbi.nlm.nih.gov/pubmed/10388962
https://doi.org/10.1128/IAI.00976-08
https://www.ncbi.nlm.nih.gov/pubmed/19103772
https://www.ncbi.nlm.nih.gov/pubmed/17583176
https://doi.org/10.1371/journal.pone.0003326
https://www.ncbi.nlm.nih.gov/pubmed/18833331
https://doi.org/10.4066/AMJ.2015.2422
https://www.ncbi.nlm.nih.gov/pubmed/26464584
https://doi.org/10.1016/j.vetmic.2017.03.011
https://www.ncbi.nlm.nih.gov/pubmed/28532812
https://doi.org/10.1073/pnas.0606756104
https://www.ncbi.nlm.nih.gov/pubmed/17172450
https://doi.org/10.3389/fmicb.2015.01173
https://www.ncbi.nlm.nih.gov/pubmed/26539190
https://doi.org/10.1021/acsabm.9b00284
https://doi.org/10.1002/dmrr.3282
https://www.ncbi.nlm.nih.gov/pubmed/32176437



