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Infection of wounds and complications followed are major problems associated with diabetes mellitus. 
Wound infections lead to severe consequences like heart disease, kidney disease, eye problems and 
osteomyelitis. Gangrene formation leads amputation and in case of sepsis, the mortality rate is high. The 
present study concentrates on enumerating the aerobic and anaerobic bacterial pathogens among 
diabetic and non-diabetic patients qualitatively and quantitatively. Age group between 60-70 showed 
higher infection rate when comparing with other age groups. Among them, 10 had localized gangrene 
and 13 had deep ulcer in foot ulcers. 3 patients had deep ulcer with no bone involvement and one had 
localized gangrene in hand ulcer. Males are frequently infected with pyogenic infections. Predominant 
organisms in diabetic foot ulcer were found to be Staphylococcus aureus (23/32), Streptococcus spp. 
(12/32) and Pseudomonas spp. (22/32). 75% of diabetic hand infections contained Staphylococcus 
aureus and Streptococcus spp. (6/8). Predominant organisms in non-diabetic lesions were 
Staphylococcus aureus (12/20) and Pseudomonas spp. (7/20). Clostridium spp. were observed on foot 
ulcer and pyogenic lesions at rate of 65.6% (21/32) and 35% (7/20). Total viable counts of aerobic 
bacteria from diabetic foot ulcers, diabetic hand ulcers and nondiabetic pyogenic infections were found 
to be 24.68 x109 CFU, 21.43x109CFU and 18.75x109CFU respectively. This confirms the higher 
prevalence of bacterial pathogens in diabetic patients than non-diabetic patients which leads to delayed 
wound healing.  

Keywords: Diabetes mellitus, Wound ulcer, Wound infection, Aerobic and anaerobic pathogens, delayed wound healing. 

 
INTRODUCTION 

Diabetes mellitus is a chronic disorder in 
which the body does not synthesis or utilizes the 

insulin required for the body to absorb glucose. 
The glucose is then stored in the blood stream till 
the level gets critically high. At present diabetes is 
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the third leading cause of deaths worldwide. 
There is sufficient evidence to conclude that the 
incidence of diabetes mellitus is increasing in 
India. 2.1% of the urban population and 1.5% of 
the rural population suffer from the disease. More 
than 170 million people worldwide have diabetes 
mellitus (DM), and this number is projected to 
increase to nearly 370 million people by 2030 
(Unnikrishnan et al. 2016; Zheng et al. 2018). 
Diabetes and foot infections are almost correlated. 
A diabetic foot ulcer is basically defined as any 
inframalleolar infection in a patient with diabetes. 
These include myositis, abscess, necrotizing 
fasciitis, paronychia, cellulitis, tendonitis, septic 
arthritis and osteomyelitis (Van Wyk, 2015). The 
most common lesion among them is the infected 
diabetic foot ulcers. Foot ulcer is the major cause 
of morbidity among diabetic patients. Several risk 
factors are associated with the formation of 
wounds. Urinary tract infections, tuberculosis, 
fungal infections, soft tissue infections, non-
clotsridial gas gangrene, and Osteomyelitis are 
the infections commonly associated with diabetes 
mellitus (Jiménez et al. 2020).  

Foot infection is a major complication of 
diabetes mellitus that need intensive treatment 
and hospitalization. The healing of wounds often 
takes years and seriously affects the quality life of 
patients. An infection is regarded mild when there 
is no damage to tissues. The moderate 
categorization is when there is association of 
tissue structures with risk of lower limb 
amputation. Infection is considered severe when it 
is associated with widespread sepsis and 
uncompromising hemodynamic disorders that 
leads to mortality(Qing, 2017). 

Furthermore, the decreased host defenses 
surrounding necrotic soft tissue or bone may allow 
low-virulent colony forming bacteria like coagulase 
negative Staphylococci species (CONS) to 
become pathogenic. Patients with acute and non-
antimicrobial treated were often mono-microbial 
(infection with an aerobic gram-positive coccus), 
where chronic infection is mostly poly-microbial 
(Everett and Mathioudakis, 2018). Wound 
specimens collected from such diabetic patients 
with mixed infections approximately yield 3-5 
pathogenic bacteria, including gram negative 
aerobes and anaerobes. The pathogenicity of 
each pathogen in a poly-microbial infection 
remains unclear. 

Neuropathy is commonly observed over 80 
percent of patients with foot ulcer, regulates ulcer 
formation, by causing physical deformities like 
hammer toes from greater flexor muscle tone 

compared with extensor tone, loss of arch and 
rocker bottom feet associated with Charcot foot, 
and by damaging the microcirculation and the 
texture of the skin (Baltzis et al. 2014). Once 
ulcers form, recuperation or cicatrization may be 
delayed and if infection is localized in deeper skin 
structures, healing is difficult to achieve. Such 
infections can subsequently extend to joints, 
bones, and the systemic circulation. Cutaneous 
bullae, soft tissue gas, discoloration of skin, or 
bad odor may occur in necrotizing infections. 
Observations of ischemia, gangrene, or 
destruction of tissues may signify the occurrence 
of a limb-threatening infection. Other systemic 
symptoms like chills, fever and hypotension may 
combine with local signs of infection, and their 
presence indicates an infection of higher 
acuteness (Suh and Hong, 2015).  

Hence it is vital to examine the level of 
bacterial infection on the lesions to evade 
forthcoming complication and protect the diabetic 
foot. Preliminary diagnosis of microbial infection is 
focused to determine the appropriate antibacterial 
therapy and to prevent further complication. Thus 
the present study concentrates on enumerating 
the bacterial populations in hand and foot ulcers 
of diabetic patients and also in pyogenic infections 
of non-diabetic patients qualitatively and 
quantitatively. The role of microorganisms in 
complication of diabetes mellitus is also studied. 
  
MATERIALS AND METHODS 

Criteria for sample collection  
A total of 40 patients with diabetic hand and 

foot infections and 20 non diabetic patients with 
pyogenic lesions from Government Hospital, 
Erode and Diabetic Centre, Erode, India were 
screened between December 2015 and March 
2016.(Grayson, 1995).  

These patients were clinically assessed by the 
clinician and foot lesions were graded on the 
severity of lesions (Rosyid, 2017) as grade 0-no 
obvious ulcer, but thick callus, prominent 
metatarsal  heads, claw toes or any bony 
abnormality; grade 1- superficial ulcer clinically 
not infected; grade 2-deep ulcer often infected but 
no bone involvement; grade 3- deep ulcer, 
abscess formation and bone involvement; grade 
4- localized gangrene and grade 5- gangrene of 
whole foot. 
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Laboratory procedures for specimen 
collection 

Specimens were collected from the hand and 
foot lesions or ulcers with the oral consent of 
clinician and patients. For sample collection from 
ulcers, the wound was preliminarily rinsed with 
normal saline and discharge from lesions or ulcers 
were collected with sterile swabs. All the 
specimens were transported in a sterile saline 
containing tubes. The collected samples were 
brought to the laboratory within one hour of 
collection. The thermocol box with coolants was 
used for the transport of specimens. The same 
procedure was followed for specimen collection 
from pyogenic lesions of non-diabetic patients.  

Processing of diabetic ulcer specimens and 
non-diabetic pyogenic lesion samples  

The collected samples were diluted in 
different dilutions. Serial 10 fold dilutions up to 10-

9 were made with 1% peptone water for aerobic 
cultures and 0.05% yeast extract solution for the 
anaerobic cultures. For the isolation of aerobes, 
Nutrient agar, Blood agar, MacConkey agar were 
used. The selective media used were Cetrimide 
agar, Mannitol Salt Agar and Eosin Methylene 
Blue Agar. For the isolation of anaerobic bacteria, 
Anaerobic agar, Robertson’s cooked meat media, 
Brain heart infusion agar, Blood agar, MacConkey 
agar were used. 

The diluted and undiluted specimens were 
inoculated into appropriate media aseptically. It 
was streaked by quadrant streaking method for 
qualitative analysis of bacteria. For quantification, 
the diluted samples were inoculated by spread 
plate method on aerobic and anaerobic agar 
plates for enumeration of respective bacteria. The 
aerobic agar plates with specimen inoculum were 
incubated for about 24 hours at 37°C. 

The specimen swabs for isolation of 
anaerobic pathogen were inoculated in to blood 

agar with kanamycin and vancomycin (75g/ml). 
Inoculated plates were incubated at 37°C inside 
an anaerobic chamber with gas-pak for 2-7 days. 
For isolation of Clostridium spp. specimen was 
inoculated into Robertson cooked meat media and 
incubated at 450C for 4-6 hrs. After incubation the 
culture was inoculated into sheep blood agar 
plates. The blood agar plates which exhibited 
target hemolytic colonies were assumed as 
Clostridium spp. Subculture was performed in 
MacConkey agar. Greenish fluorescence of the 
colonies is confirmed identification of Clostridium 
species. For bacterioides, specimens were 
inoculated into Brain Heart Infusion Agar. Plates 

were incubated in anaerobic condition in the 
presence of gas-pak. Black or brown colour 
colonies and characteristic red fluorescence under 
ultraviolet are indication of bacterioides. 
 Colonies both on aerobic and anaerobic plates 
were counted to enumerate the number of 
organisms in the original specimen. The discrete 
colonies with distinct morphologies were identified 
and enumerated. These individual colonies were 
re-streaked, purified and maintained in nutrient 
agar slants. The identification of the isolates was 
done by subjecting them to Gram staining, motility 
and biochemical tests like Catalase, Oxidase, 
Motility, Indole, MR-VP, TSI, Citrate, Urease, 
Nitrate and sugar tests (glucose, sucrose, lactose, 
mannitol, and fructose). The biochemical 
identification of isolates was based on Cowan and 
Steel’s manual for the identification of medical 
bacteria (Barrow and Feltham, 1993). Qualitative 
identification of isolates was also done on basis of 
colony morphology in selective media.  
 
RESULTS  

Clinical characteristics of diabetic patients 
Thirty-two diabetic patients with foot infection 

and eight patients with hand ulcers were included 
in the study. The mean duration of diabetes was 
8.12 years for the one with foot infections and 
8.06 for the patients with hand infection. Twenty-
eight of patients with foot infections were males 
while six male patients were with hand infections 
and the corresponding values of smokers was 27 
and 7 respectively. Age based incidence of foot 
and hand ulcers in diabetic patients was shown in 
Figure-1. 

Clinical assessments of lesions 
Of the 32 diabetics with foot infection, 10 had 

localized gangrene and 13 had deep ulcer often 
infected but no bone involvement. Among diabetic 
hand infection 3 patients had deep ulcers with no 
involvement on bones and one had localized 
gangrene. All the patients had raised blood sugar 
level (data not included). Twenty-seven diabetics 
with foot infections and 6 with hand ulcers had 
received prior antibiotic treatment. Cephalosporin 
was frequently used antibiotics followed by 
ampicillin, aminoglycoside, chloramphenicol, 
tetracycline and vancomycin (Table 1). 

Bacteriological Resul 
A total of 40 ulcer samples (including 32 foot 

ulcer and 8 hand ulcer specimens) and 20 normal 
pyogenic lesions were collected from diabetic and 
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non-diabetic patients respectively. All the 
organisms were subjected to appropriate 
biochemical tests (Table 2). The organisms 
isolated in the study were Staphylococcus aureus, 
Proteus spp., Streptococcus spp., Pseudomonas 

spp., Clostridium spp., Klebsiella spp., and E. coli 
in the ulceration of diabetic patients alone.  

 
 

 
 

Table1: Demographic and clinical characteristics of patients with diabetic foot and hand infections 
 

Patients Characteristics 

Total number of  
Foot ulcer   

  specimens 
No=32 

Total number of hand  
ulcer specimens 

No=8 
 

Demographic characteristics 
Gender: Male    [No.%] 

Female [No.%] 
Mean Age Years (SD) 

Clinical  characteristics 
Mean duration of diabetes years 

Mode of Diabetes Control 
[No.%] 
Insulin 
None 

History of smoking  [No.%] 
End-organ     damage[No.%] 

Neuropathy 
Hypertension 

 

28(87.5) 
4(12.5) 

58.34(10.04) 
 

8.12,(5.78) 
 

14(11.1) 
28(87.5) 

 
27(84.37) 

 
 

12(37.5) 
32(100) 

 

6(75) 
2(25) 

 

57.14(10.04) 
 

8.06(5.78) 
 

1(12.5) 
_ 

 

4(50) 
 
 
 

 

Patients Characteristics 
Total number of 

 Foot ulcer    specimens 
No=32 

Total number of  
hand ulcer specimens 

No=8 
 

previous antibiotic 
taken [No.%] 

Extent of foot infection 
[No.%] 

Wagner   1 
Wagner  2 
Wagner  3 
Wagner  4 
Wagner  5 

Presence  of  
osteomyelitis 

[No. %] 
Previous  amputation 

[No. % 

16(50) 
7(5.6) 

13(40.62) 
2(6.25) 

10(31.25) 
_ 
 

_ 
 

_ 

6(75) 
2(25) 

3(37.5) 
2(6.25) 
1(12.5) 

_ 
 

_ 
 
 

_ 
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Total=100

40-45
46-50
50-60
65-70

 
Figure-1: Age based incidence of foot and hand ulcers in diabetic patients 

 
 

Table 2: Biochemical results of isolates 
  

Biochemical 
S. 

aureus 
Streptococcus 

spp. 
E.coli Klebsiella spp. Pseudomonas spp. 

Proteus 
spp. 

Gram stain GPC GPC GNB GNB GNB GNB 

Hanging drop NM NM M NM M M 

Catalase + _ + + + + 

Oxidase _ _ _ _ + _ 

Glucose   + + _ + 

Sucrose   + + _ _ 

Lactose   + + _ _ 

Mannitol   + + _ _ 

Fructose   + + _ _ 

TSI   A/A A/A K/A K/A 

Citrate   _ + + _ 

Nitrate   + + + + 

Urease   _ + _ + 

MR +  + _ _ + 

VP +  _ + _ + 

Coagulase + _     

Blood agar Hemolytic Hemolytic  _ _ _ 

Selective media MSA SSA _ _ cetrimide  

 
 
 
 



Karuppiah et al.                                                              Bacteria in Diabetic and Non-Diabetic Wound Ulcers  

 

    Bioscience Research, 2021 volume 18(1): 754-762                                                             759 

 

1 2

0

50

100

%
 o

f 
in

c
id

e
n

c
e

Gram positive

Gram negative

Diabetic foot ulcer
         samples

Non-diabetic foot ulcer
         samples

 
Figure 2: Incidence of Gram positive and Gram negative bacteria from diabetic and non-diabetic 

samples 
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Figure 3: Bacterial population in the diabetic and non-diabetic wound samples 
 
The incidence rate of aerobic and anaerobic 

organisms was found to be 100% and 25% 
respectively. Incidence of Gram positive and 
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Gram Negative organisms were shown in the 
Figure-2.  

Quantitative counts of individual bacterial 
population in diabetic and non-diabetic samples 
are given shown in Figure-3. Predominant 
organisms in diabetic foot ulcer were found to be 
Staphylococcus aureus (23/32), Streptococcus 
spp. (12/32) and Pseudomonas spp. (22/32). 75% 
of diabetic hand infections contain 
Staphylococcus aureus and Streptococcus spp 
(6/8). Predominant organisms in non-diabetic 
lesions were Staphylococcus aureus (12/20) and 
Pseudomonas spp. (7/20). Clostridium spp. was 
observed on foot ulcer and pyogenic lesions at 
rate of 65.6% (21/32) and 35% (7/20). Total viable 
counts of aerobic bacteria from diabetic foot 
ulcers, diabetic hand ulcers, and nondiabetic 
pyogenic infections were found to be 24.68 x109 
CFU, 21.43x109CFU and 18.75x109CFU. 

   
DISCUSSION 

Diabetes mellitus is a serious disease 
affecting large area of population and is a 
foremost public health problem. Diabetic wound 
infection is a major problem associated with it. 
Wound infection causes severe complications like 
heart disease, kidney disease, eye problems, and 
osteomyelitis. Gangrene formation leads 
amputation and in case of sepsis, the mortality 
rate is high (Abbas, 2015). The present study 
concentrates on enumerating the aerobic and 
anaerobic bacterial pathogens among diabetic 
and non-diabetic patients qualitatively and 
quantitatively. Diabetic patients with foot and hand 
ulcer and non-diabetic patients with pyogenic 
lesions were studied. From the age based 
incidence,age group between 60-70 showed 
higher infection rate on comparing with other age 
groups. Among them, 10 had localized gangrene 
and 13 had deep ulcer in foot ulcers. 3 patients 
had deep ulcer with no bone involvement and one 
had localized gangrene in hand ulcer.  

The organisms isolated in the study were 
Staphylococcus aureus, Streptococcus spp., 
Proteus spp., Klebsiella spp., E. coli, 
Pseudomonas spp., CONS and Clostridium spp. 
Microbial count on diabetic patients was 
significantly higher on compared with non-diabetic 
patients. Incidences of gram negative pathogens 
were lower on non-diabetic lesions. Even though 
anaerobic bacteria (Clostridium spp.) are 
generally distinguished to die in atmospheric air, 
they has been observed to withstand in mixed 
colonies for prolonged period of time and can able 
to survive in clinical specimens regardless of 

postponed processing.  Pure cultures of anaerobic 
bacterial species (which includes spore and non-
spore producing gram negative bacteria) can 
withhold in air up to 72h and can recommence to 
grow when reestablished in to an anaerobic 
condition. Clostridium spp. was observed on foot 
ulcers and pyogenic lesions (Bader, 2008). 

Dang et al. (2003)has reported the infection 
rate by of Staphylococcus aureus in foot ulcer 
infections were to be 48.3%. In an investigation 
involving the microbial community of chronic 
diabetic foot infection, Staph. aureus was grown 
as a pure culture in 24% to 29% of the infections 
(Wright et al. 1999). Similarly, Staphylococcus 
aureus was found to be predominant wound 
pathogen in the present study. 

Louie et al. (1976) found that anaerobic 
bacteria coexisted with the several commonly 
identified aerobic bacteria. In his retrospective 
study on 20 diabetic foot ulcer patients, microbial 
community that yielded a mixed colonies of 
aerobic and anaerobic bacteria is higher i.e. 18 / 
20 cases. But Brook and Frazier, (1997) has 
reported Clostridium spp. as the most commonly 
isolated anaerobe, in his studies. The reason 
could be the unhygienic wound caring especially 
in older patients. Similarly, in the present study, a 
common anaerobic pathogen Clostridium spp. 
was identified.  

High counts of anaerobes were isolated from 
deep tissue than from other culture sources could 
be explained by the following possibilities. i) local 
antibacterial therapy may remove some of the 
anaerobic cultures on the surface. ii) saline 
infection may have repressed the occurrence of 
few anaerobic bacterium in the context of saline 
aspiration, or iii) the environment for growth in the 
deep tissue areas are more beneficial for 
anaerobic bacteria, lowered redox potential (Akhi 
et al. 2015). 

Common aerobic pathogens like 
Pseudomonas aeruginosa, Staphylococcus 
aureus and beta-hemolytic Streptococci possess 
significant role in wound healing process. They 
are distinguished for its ability to synthesis 
significantly devastating virulence factors; the 
undesired effects correlated with Clostridium 
exotoxins are also broadly recognized. Yet 
various non-sporing gram-negative anaerobes 
that frequently copious in wound constrains to a 
wide range of virulence factors that may hinders 
the wound healing mechanisms. Bacteriodes, 
Porphyromonas and Prevotella species produce 
adhesion factors (e.g. proteases, fibrinolysin, 
collagenase, hyaluronidase, elastase and 



Karuppiah et al.                                                              Bacteria in Diabetic and Non-Diabetic Wound Ulcers  

 

    Bioscience Research, 2021 volume 18(1): 754-762                                                             761 

 

gelatinase) and antiphagocytic factors, which may 
influence the immunoglobulin for the impairment 
of wound healing process (Bjarnsholt et al., 2008). 

Microbial synergism will enhance the overall 
pathogenicity and severity of infections in several 
ways. Oxygen uptake by aerobic organisms 
induces tissue degradation and reduction of the 
oxidation-reduction potential that promotes the 
growth of anaerobic organisms. Particular 
nutrients expressed by one bacteria encourages 
the occurrence of other fastidious and pathogenic 
bacterial species and few anaerobic bacteria are 
capable to damage host immune cell functions 
and  deliver a competitive advantage environment  
for them and other, cohabiting 
microorganisms(Qing, 2017). Klebsiella 
pnuemoniae was reported to increase virulence 
by regulating succinate- a vital growth factor. 
Succinate is ancrucial short chain fatty acid 
(SCFA) that is synthesized by both aerobes and 
anaerobes like Klebsiella pneumoniae, E.coli, 
Bacteroides spp. and Prevotella spp. Succinate is 
accumulated in anaerobe predominant infected 
wound and prevents chemotaxis and 
phagocytosis of Staphylococcus aureus and E.coli 
(Okonkwo and Dipietro, 2017). 

A total of 20 pyogenic lesion samples were 
collected from non-diabetic patients. The most 
isolated organism was Staphylococcus aureus 
(30%), Coagulase negative Staphylococci (15%), 
Streptococci (7.5%), Proteus (12.5%), 
Pseudomonas (17.5%) are the other isolated 
organisms. The incidence rate was found to be 
60%, which is very higher when compared to the 
reports of other workers, which were found to be 
18.8% (Bhatia, 2003) and 5.3 cases per 1000 
patients (Robert,1983). 

Also the investigation reveals that the males 
are frequently infected with pyogenic infections. 
The reason could be that they are involved in hard 
laborious work and exposure to the accidents. In 
addition to this, males observe the unethical 
practices like smoking and alcohol consumption. 

CONCLUSION 
On comparison with both case studies, 

(including qualitative and quantitative microbiology 
of ulcer infections in diabetic and pyogenic 
infections of non-diabetic patients) it is clear that 
the prevalence of incidence by the pathogenic 
organisms is significantly different. The isolation 
rates of microflora in diabetic infection are too 
high when compared with the pyogenic infections 
of non-diabetic patients. In both studies the 
prevalent isolated potential pathogen is 

Staphylococcus aureus. But Streptococcus spp., 
Pseudomonas spp., Klebsiella spp., Proteus spp. 
and Clostridium spp. are involved in the delay of 
wound healing in diabetic patients. 
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