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Review Article

Abstract
Diabetes mellitus (DM) constitutes a growing concern to world population due to the devastating effects of 

its chronic complications. An estimated number of people with diabetes are projected to rise from 171 million in 
2000 to 366 million in 2030. Glucose intolerance is the intermediate stage between normal glucose tolerance and 
diabetes. It results in ketoacidosis and hyperglycemia causing immune dysfunction. Patients with diabetes mellitus 
are therefore predisposed to cutaneous infections. If remain unnoticed, undiagnosed in the early stages or not 
treated properly such infections may get complicated and can even prove lethal. It therefore becomes imperative 
to recognize signs and symptoms of such infections and approach them appropriately or refer the patient to a 
diabetologist or dermatologist. Our review literature is a comprehensive communication involving several cutaneous 
infections that manifest more frequently, with greater severity; or with an elevated risk for complications in patients 
with diabetes mellitus.
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Introduction
Diabetes mellitus (DM), also called Diabetes, comprises a group 

of metabolic disorders exhibiting high blood sugar levels over an 
extended period. It is also characterized by state of relative or complete 
insulin deficiency, leading to gross defects in glucose, fat and protein 
metabolism. Diabetes is a major endocrine-related disorder causing 
severe morbidity and mortality all over the world. It constitutes an 
alarming concern to the global population, largely because of the 
devastating effects of its chronic complications. In fact, so common 
and so definite are the chances of developing certain complications 
during the disease-course that some of them have been considered as 
'consequences' rather than complications. 

According to WHO report, an estimated number of people with 
diabetes are projected to rise from 171 million in 2000 to 366 million 
in 2030. India shall gain ignominious reputation of ranking first (after 
China and USA) to register 79.4 million diagnosed diabetic cases in 
2030 from currently 62 million in 2015. The etiology of diabetes in 
India is multidimensional including genetic influences combined with 
environmental factors like lifestyle related obesity and rapid urban 
migration [1]. Diabetes increases the susceptibility towards plethora 
of infections. The most common sites of infection in diabetic patients 
are the skin and urinary tract. Controlled studies carried out by Kass 
and Hansen establish a strong link (by a factor of two to four) between 
incidences of bacteriuria in diabetic women than in non-diabetic 
women [2,3]. Other than the infections in urine, upper urinary tract 
is also involved in approximately 80% of urinary tract infections in 
diabetic individuals [4].

Several literatures suggest a strongly positive correlation between 
hyperglycemia and skin infections. 

Patients with DM are more predisposed to skin infections such as 
folliculitis, furunculosis and subcutaneous abscesses. These infections 
may appear during the course of the disease or may be the first sign of 
DM presentation and can also be more severe in these populations [5].

Recent studies on diabetic patients have observed an increased 
incidence (ranging 20-50%) of skin infections [6]. Sensory neuropathy, 
atherosclerotic vascular disease and hyperglycemia all predispose 

patients with diabetes to skin and soft tissue infections. Such infections 
can affect any skin surface but most commonly involve the feet [7]. 
Observations are most common in patients of type-2 diabetes mellitus, 
often showing poor glycemic control [8]. Foot infections in diabetic 
patients usually begin in skin ulceration [9].

Bullosis diabeticorum also called (diabetic bulla) is a spontaneous, 
non-inflammatory, blistering cutaneous condition of acral skin that is 
unique to patients with diabetes mellitus. It is characterized by a non-
inflammatory, spontaneous, painless blister, often in acral locations 
(peripheral body parts, such as feet, toes, hands, fingers, ears or nose) 
[10].

Physiopathology
Extensive research has already been undertaken to study the 

pathogenesis of immune dysfunction in diabetes mellitus. Phagocytic 
mechanisms like leukocyte chemotaxis and adherence are impaired 
during hyperglycemia and diabetic acidosis [11].

In antibody-mediated beta cellularis immune system, complement 
system promotes the opsonization and phagocytosis of non-self-
microorganisms through macrophages and neutrophils. Complement 
activation products also induce the second signal for the activation 
of B-lymphocyte and antibody production. In fact, few studies have 
recorded a deficiency of the C4 component in DM individuals [12,13].

Not only complement system, even inflammatory cytokine network 
is found to be having an altered balance. According to some studies, 
an increased glycation in DM patients is associated with decreased 
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secretion of Interleukin-1 and Interleukin-6 by mononuclear cells and 
monocytes, respectively [14]. Elevated glucose levels have also found 
to be inhibiting the production of Interleukin-10 by myeloid cells and 
Interferon-γ and tumor necrosis factor-α by T-cells [15]. 

The movement of Polymorphonuclear and mononuclear 
leukocytes, chemotaxis, and phagocytic activity have found to be 
decreased during hyperglycemia. This hyperglycemic status also 
interferes in the antimicrobial activity by inhibiting glucose-6-
phosphate dehydrogenase (G6PD) enzyme thereby elevating apoptosis 
of polymorphonuclear leukocytes whereas reducing its transmigration 
through the endothelium. Certain studies performed have shown that 
when the glycated hemoglobin (HbA1c) is <8.0%, the proliferative 
function of CD4+T-lymphocytes and their antigen-response remains 
impaired [16].

Overall, a compromised and disequilibrium immune system 
presents the skin of hyperglycemic individual to microbial invasion by 
both infectious and non-infectious microorganisms.

Skin infections

Bacterial infections: Patients with DM are at an increased risk of 
contraction by some bacterial infections. Gram positive bacterial species 
involving group A and B streptococcal infections by streptococci group, 
necrotizing fasciitis caused by Group A streptococcus (Streptococcus 
pyogenes), Staphylococcus aureus, Clostridium perfringens, Bacteroides 
fragilis, Vibrio vulnificus, Aeromonas hydrophila and acute otitis 
externa (AOE) by Pseudomonas aeruginosa.

Group A streptococcal infections: It is an infection with group A 
streptococcus (GAS), that is, Streptococcus pyogenes, the sole bacterial 
species responsible for a wide range of both invasive and noninvasive 
infections [17]. In the study carried out by Sharkawy et al. the risk of 
soft tissue and skin infections contracted with group A streptococcus 
was found to be almost four times higher in patients with diabetes. In 
all the study patients soft infections were found to be the most common 
clinical presentation [18].

Group B streptococcal infections: Other invasive bacterial 
infections like Group B streptococcus have also been associated with 
DM. Some studies record Group B streptococcal disease in non-
pregnant adults [19]. Skin, soft tissue and bone (cellulitis, foot ulcers 
and decubitus ulcers) are the frequently infected areas in Group B 
streptococcus infection. In the study carried out by Schuchat, the 
risk of Group B streptococcal infections was found to be increased 
to 11 to 30-fold in person (age group 20 to 64 years) with diabetes 
but marginally increased to 3.7-5.7 fold in persons (>64 years) with 
diabetes, compared with the same age population [20].

Staphylococcal infections: Staphylococcus aureus is a major 
pathogen implicated in diabetic foot infections [21]. Type-1 diabetic 
patients show more frequent colonization of the nose and skin by 
S. aureus than non-diabetic and non–insulin-dependent diabetic 
individuals [22]. Some studies involved chronic stimulation of rabbits 
with TSST-1 resulting in impaired systemic glucose tolerance. The 
hallmark finding in this study suggested an active role of S. aureus 
and its superantigens in the progression to type-2 diabetes [23]. 
Staphylococcal folliculitis or skin abscesses are counted as the most 
common bacterial infections in uncontrolled diabetes [24].

Acute otitis externa: Invasive (“malignant”) otitis externa is a 
quite rare but potentially fatal infection of the external auditory canal 
and skull. It mainly involves inflammation of the ear canal [25,26].

Pseudomonas aeruginosa is the causative organism in the vast 
majority of cases. The acute form is caused primarily by P. aeruginosa 
and S. aureus. Acute otitis externa manifests with Unrelenting pain 
and rapid onset of ear canal inflammation, resulting in otalgia, itching, 
canal edema, canal erythema, and otorrhea.

It occurs mostly in older patients with diabetes mellitus. It is 
characterized by purulent discharge, unilateral facial swelling, hearing 
loss, and granulation tissue in the ear canal. Approximately 86-90% of 
patients with otitis externa have concurrent diabetes [27].

Symptoms of acute otitis externa may be mistaken with the 
symptoms of typical, noninvasive otitis externa. Characteristic clinical 
feature involves an intense cellulitis and edema of the auditory canal 
with formation of polypoid granulation tissue. Delay in diagnosis 
may cause an extension of the infection in cranial osteomyelitis and 
intracranial involvement [26].

Necrotizing fasciitis: Necrotizing fasciitis (NF) is a rapidly 
progressive inflammatory infection of the fascia, with secondary 
necrosis of the subcutaneous tissues. The speed of spread is directly 
proportional to the thickness of the subcutaneous layer. The perineum, 
trunk, abdomen and upper extremities are most commonly involved in 
Necrotizing fasciitis [28].

In soft-tissue infections, foot infections are the most common soft-
tissue infections in patients with diabetes. Among nonpedal soft-tissue 
infections, necrotizing fasciitis is the most important. The associated 
mortality in Necrotizing fasciitis is approximately 40 percent. The 
infection starts in the subcutaneous space and spreads along fascial 
planes. Necrotizing fasciitis has been classified as type I (infection 
caused by a combination of anaerobic and one or more facultative 
aerobic organisms) or type II (caused by group A streptococci, with or 
without staphylococci) [29-31].

In DM, fasciitis is characterized by poly-microbial growth, with 
single anaerobic and multiple aerobic microorganisms [32]. Study 
carried out by Cheng et al. report that the most common (44.5-72.3 
%) underlying disease in NF patients is Diabetes mellitus (DM) [33]. 

Fungal and yeast infections: In diabetic individuals, mycotic 
infections might elevate the risk of manifesting diabetic foot syndrome 
[34].

Patients with improperly controlled diabetes disease are more 
prone to Mucocutaneous Candida infections. Infact, Candidal infection 
(moniliasis) can become a premature indication of undiagnosed 
diabetes. Perlèche remains atypical warning of diabetes onset in 
children. Whereas, the correlation between localized candidal infection 
of the female genitalia (vulvovaginitis) and diabetes have been found 
strongly correlated [35].

Studies have found out that infections of Candida balanitis, and 
intertrigo (axillary, inguinal web space) in men are highly indicative 
of underlying diabetes. Moreover, Glossitis, Paronychia, and 
onychomycosis are quite frequent [36]. Recent studies have shown 
a statistically significant relationship between the most common 
dermatophyte infections like Epidermophyton floccosum and 
Trichophyton mentagrophytes, Trubrum with diabetes [37].

Few studies suggest that the cases of rhinocerebral mucormycosis 
(RCM), caused by zygomycetes (Mucor and Rhizipus species) are quite 
frequently occurring in individuals with diabetes mellitus-mostly with 
diabetic ketoacidosis [38].

On an average, 50 percent of cases of rhinocerebral mucormycosis 
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occur in the diabetic patients. Ketoacidosisis the most critical risk 
factor in diabetic individuals. The in vitro studies carried out by Gale 
(1961) documented a lack of inhibitory activity of serum from patients 
with diabetic ketoacidosis against Rhizopus oryzae that is reestablished 
upon correction of the acidosis [39].

Viral infections: Since long time, viruses have been suggested as 
a potential environmental trigger for DM (typically type-1 diabetes). 
Viruses belonging to the Enterovirus genus have the capacity to initiate 
and/or accelerate islet autoimmunity, but cannot fully explain the 
etiology as a sole environmental trigger.

Even though small number of studies carried out, the available data 
set allows us to interpret with a reasonable degree of confidence, that 
at least a fraction of DM patients at some point suffered some type of 
viral insult [40,41].

Conclusion
Diabetic’s skin is more susceptible to skin infections uncommon 

in non-diabetics. Many of these infections require quick diagnosis 
and immediate treatment of the severe complications or even fatal 
outcome is to be averted. With regard to the elevated frequency of skin 
manifestations in diabetic individual’s and considering that they may 
lead to the development of the obvious disease, specific consideration 
is advised towards these observations, more precisely in high risk 
individuals. In addition, superior metabolic control and employing 
innovative forms of insulin and equipment will help alleviate many of 
these complications.
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