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Introduction 
 

Dermatophytes 

 

Infections pertaining to mankind particularly 

those affecting the keratinized tissues are of 

serious concerns worldwide and are increasing 

on a global scale. Dermatomycoses are 

infections of the skin, hair and nail caused as a 

result of colonization of the keratinized layers 

of the body. This colonization is brought about 

by the organisms belonging to the three genera 

namely Trichophyton, Microsporum and 

Epidermophyton (1,2). Due to their high 

affinity for the keratinized tissues, 

dermatophytes are responsible for most of 

superficial mycosis affecting human skin or 

nails. 

 

Classification  
 

Dermatophytes are fungi that invade and 

multiply within keratinized tissues (skin, hair, 

and nails) causing infection (1). Based upon 

their genera, Dermatophytes can be classified 

into three groups: Trichophyton (which causes 
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infections on skin, hair, and nails), 

Epidermophyton (which causes infections on 

skin and nails), and Microsporum (which 

causes infections on skin and hair). Based 

upon the mode of transmission, these are been 

classified as anthropophillic, zoophilic, and 

geophilic. Finally, based upon the affected 

site, these are been classified clinically into 

tinea capitis (head), tinea faciei (face), tinea 

barbae (beard), tinea corporis (body), tinea 

manus (hand), tinea cruris (groin), tinea pedis 

(foot), and tinea unguium (nail).Other clinical 

variants include tinea imbricata, tinea 

pseudoimbricata, and Majocchi granuloma(3). 

 

Trichophyton 

 

The genus Trichophyton includes 24 species. 

The colonies on agar media are powdery, 

velvety or waxy. The predominant spore type 

is micro conidia with sparse macro conidia 

(4). 

 

Microsporum 

 

The genus Microsporum includes 16 species. 

The colony morphology of Microsporum 

species on agar surface is either velvety or 

powdery with white to brown pigmentation 

(4). 

 

Epidermophyton 

 

The genus Epidermophyton includes only 2 

species. The colonies are slow-growing, 

powdery and unique brownish yellow in 

colour. This genus is devoid of micro conidia. 

Macro conidia are abundant and produced in 

clusters (4). 

 

Distribution frequency of dermatophytes 

and dermatophytosis 

 

All the three genera of Dermatophytes namely 

Trichophyton, Microsporum and 

Epidermophyton are worldwide in 

geographical distribution. The predominant 

cause of Dermatophytic infections is 

Trichophyton followed by Epidermophyton 

and Microsporum. Within the genus 

Trichophyton, Trichophyton rubrum is the 

predominant etiological agent accounting for 

69.5% followed by Trichophyton 

mentagrophytes, Trichophyton verrucosum 

and Trichophyton tonsurans (5-7). 

 

According to the World Health Organization 

(WHO) survey on the incidence of 

dermatophytic infection, about 20% the people 

worldwide present with cutaneous infections 

(8). 

 

Pathogenesis and clinical presentation 

 

The possible route of entry for the 

Dermatophytes into the host body is injured 

skin, scars and burns. Infections caused by 

arthrospores or conidia. Resting hairs lack the 

essential nutrient required for the growth of 

the organism. Hence, these hairs not invaded 

during the process of infection (22). 

 

The pathogen invades the uppermost, non-

living, keratinized layer of the skin namely the 

stratum corneum, produces exo-enzyme 

keratinase and induces inflammatory reaction 

at the site of infection (23-26). The customary 

signs of inflammatory reactions such as 

redness (ruber), swelling (induration), are seen 

at the infection site. Inflammation causes the 

pathogen to move away from the site of 

infection and take residence at a new site. This 

movement of the organism away from the 

infection site produces the classical ringed 

lesion (27) (Fig. 1–4). 

 

Figure 3: The schematic route of entry of 

dermatophytes into the host system and onset 

the host when pathogen entry. 

 

The infections caused by Dermatophytes 

commonly referred to as “tinea” or “ring-
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worm” infections due to the characteristic 

ringed lesions (9). Based on the site of 

infection, the tinea infections are referred to as 

tinea capitis (scalp), tinea corporis or tinea 

circinata (non-hairy, glaborous region of the 

body), tinea pedis (“Athletes‟ foot”; foot), 

tinea ungium (“Onychomycosis”; nail), tinea 

mannum (hands) (Figure 3), tinea barbae 

(“Barbers‟ itch”; bearded region of face and 

neck), tinea incognito (steroid modified), tinea 

imbricata (modified form of tinea corporis), 

tinea gladiatorial (common among wrestlers‟) 

and tinea cruris(“Jocks‟ itch”; groin) (10). 

 

Dermatophytes can survive solely on outer 

cornified layers of the skin.(11,12) The ability 

of certain fungi to adhere to particular host 

arises from numerous mechanisms and host 

factors, including the ability to adapt to the 

human body.(11) Natural infection is acquired 

by the deposition of viable arthrospores or 

hyphae on the surface of the susceptible 

individual.(13) After the inoculation in the 

host skin, suitable conditions favor the 

infection to progress through the following 

stages.(14) 

 

Adherence 

 

The kinetics of adherence to the skin or nail 

surface was investigated in several 

Trichophyton and Microsporum species, using 

different experimental models and microscopy 

techniques. These studies showed a time-

dependent increase in the number of adhering 

spores, followed by germination and invasion 

of the stratum corneum by hyphae growing in 

multiple directions. Zurita and Hay (14) 

observed that maximum adherence of 

Trichophyton spp. arthroconidia to 

keratinocytes in suspension occurred within 

3–4 h. Aljabre et al., (15, 16) used stripped 

sheets of stratum corneum or separate 

keratinocytes to demonstrate that adherence of 

Trichophyton mentagrophytes arthroconidia is 

maximum by 6 h and that germination of these 

spores begins by 4 h. In a nail plate model, 

adherence and germination of T. 

mentagrophytes arthrospores were observed at 

6 h and side branches at 16 h (17). The early 

stages of T. mentagrophytes infection were 

investigated using skin explants of full 

epidermis thickness (18). Adherence was 

maximum at 12 h, germination had started by 

24 h, and penetration of the stratum corneum 

occurred after 3 days. 

 

Little is known about the factors that mediate 

adherence of dermatophytes. The ability of T. 

rubrum to adhere to epithelial cells has been 

attributed to carbohydrate-specific adhesins, 

expressed on the surface of microconidia (19). 

From a morphological point of view, fibrillar 

projections have been observed in T. 

mentagrophytes during the adherence phase 

(20, 21). At the skin surface, long and sparse 

fibrils connect fungal arthroconidia to 

keratinocytes and to each other, while in the 

inner skin layers, newly formed arthroconidia 

show thin and short appendices covering their 

entire surface; the latter beg into vanish as a 

large contact area is established between 

conidia and skin tissue (21). Based on the 

findings made in the yeast Candida albicans, 

where secreted aspartic proteases (Saps) have 

been shown to play a fundamental role in 

fungal adherence to epithelia (22-23), so that 

is dermatophytic-secreted proteases could 

facilitate or even be necessary for efficient 

adherence. We have checked the expression 

pattern of Exoprotease and Endoprotease 

genes with their non-protease genes in real 

time PCR from that data we hypothesised that 

the Endoprotease have majorly expressed in 

dermatophytic patient during infection. 

 

Penetration 

 

Dermatophytes are provided with an arsenal of 

proteases aimed at the digestion of the keratin 

network into assimilable oligopeptides or 

amino acids. (24) Once established, the spores 
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must germinate and penetrate the stratum 

corneum at a rate faster than desquamation. 

Penetration is accompanied by dermatophytes 

secreting multiple serine-subtilisins and 

metallo-endoproteases (fungalysins) formerly 

called keratinases that are found almost 

exclusively in the dermatophytes.(24,25) A 

direct relationship between keratinases and 

pathogenicity was established by Viani et al., 

The protease production in T. rubrum is highly 

host specific showing reduced physiological 

activity when growing on their preferred host 

(26, 27). 

 

Immunity behind dermatophytic infection 

 

Development of host response 

 

Fungal metabolic products diffuse through the 

malphigian layer to cause erythema, vesicle or 

even pustule formation along with pruritus. 

Their in vivo activity is restricted to the zone 

of differentiation, newly differentiated keratin 

and Adamson‟s fringe within the hair 

shaft.(28) Acute dermatophytosis is associated 

with a DTH skin response against them, while 

persistent disease corresponds to IH responses, 

to high levels of IgE and IgG4 antibodies, and 

to the production of Th2 cytokines by 

mononuclear leukocytes.(29) 

 

Acquired resistance 

 

The efficient and protective response against 

dermatophytosis is a cell-mediated response of 

the DTH, characterized namely by the action 

of macrophages as effector cells, interferon-α 

secretion from type 1 T-helper lymphocytes 

and by some key cytokines like interferon-γ 

(IFN-γ). Immune detection and chemotaxis 

occur via low-molecular weight chemotactic 

factors or alternative complement pathway 

activation. However, the immune response 

that is raised, and especially the degree of 

inflammation, varies according to the 

dermatophyte species, the host species and the 

pathophysiological status of the host. In 

general, the zoophilic species cause more 

inflammatory infections, which may heal 

spontaneously and result in relative resistance 

to re-infection. The anthropophilic species 

usually cause more chronic, less 

circumscribed infections, which result in less 

resistance to re-infection (30). Primary 

infection produces negative trichophytin test 

and minimal inflammation (mild erythema and 

scaling) due to increased keratinocyte 

turnover. 

 

Antibodies 

 

Antibody formation does not seem to be 

protective (31). The dermatophyte antigen is 

thought to be processed by epidermal 

Langerhans cells and presented in local lymph 

nodes to T lymphocytes which proliferate, 

migrate to the infected site, and produce 

inflammation. The epidermal barrier becomes 

permeable to transferring and migrating cells 

leading to spontaneous resolution of lesions. 

Trichophytin skin test is now positive and 

clearing of second infection will be more 

rapid.(32) Rivalier showed that a 

dermatophytic infection in humans results in a 

relative resistance to subsequent infection 

(33)mainly by the inflammatory forms 

(kerion), caused by zoophilic species, but not 

always follow the more chronic anthropophilic 

infections. (18,34) Barlow and Chattaway (34) 

pointed out that fungi which do not invade the 

hair follicle do not seem to give rise to an 

equivalent immunity when growing in the 

horny layer of the smooth skin. It demonstrate 

such acquired immunity in experimental T. 

rubrum infection of smooth skin.(19,35) 

 

Hypersensitivity ("Trichophytin" reaction) 

 

Dermatophytid reactions (4–5% of patients) 

are inflammatory eczematous allergic skin 

reactions at sites distant from primary fungal 

infection.(36) Being KOH and culture 
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negative, it is associated with a DTH response 

to trichophytin test and may involve a local 

DTH response to systemically absorbed fungal 

antigen (36,37). 

 

Treatment 

 

The treatment is chosen based on the infection 

site, etiological agent and penetration ability 

of the drug. The penetration ability and 

retention in the site of infection of the agent 

determines its efficacy and frequency of 

utility. Since the dermatophytes reside in the 

stratum corneum especially within the 

keratinocytes, the antifungal agents should 

have a good penetrating ability. The duration 

of treatment mainly depends on the type of 

infection and symptom. Generally a two-three 

week treatment is required for skin lesions 

whereas four-six week for feet inflammation 

(38). 

 

The year 1970 saw the release of Miconazole, 

the first in the line of azoles group. Since then 

many more were subsequently synthesized 

and added to this list during the same period. 

These antimycotic drugs belonged to the 

Azoles class of antifungal drugs. The major 

target of the azoles unlike the other antifungal 

agents is the cytochrome P450 enzyme (39) 

(Figure 5). 

 

Fig.1 

 

 
Keratinophytic fungi 

 

Fig.2 
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Fig.3 
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Fig.5 Ergosterol biosynthesis pathway 
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Based on the number of nitrogen atoms the 

azoles derivatives are classified into 2 groups 

as imidazoles and triazoles (40). In general the 

imidazoles exhibit side effects such as 

anorexia, constipation, headache, hepatitis, 

pruritis, exanthema and inhibition of synthesis 

of steroid hormone (41). Triazoles include 

fluconazole, voriconazole, itraconazole 

(1980), posaconazole, teraconazole and 

ravuconazole. In comparison to the 

imidazoles, the triazoles exhibit lesser degree 

of sideeffects which includes nausea, dizziness 
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and gastrointestinal upset (42). Allylamines 

and benzyl amines were synthesized in the 

1980s‟. Allylamines include naftifineand 

terbinafine. Naftifine, terbinafine and 

benzylamine obtained FDA approval in 

United States in the year 1988,1992 and 2001, 

respectively. The mode of action of these 

drugs is inhibition of the key enzyme squalene 

epoxidase, an essential enzyme involved in the 

synthesis of squalene epoxide from squalene 

(43) 

 

Griseofulvin is an arrow spectrum antimycotic 

drug with fungistatic activity. It is very 

effective against all the dermatomycoses. The 

side effects include headache, nausea, bad 

taste, skin rash, systemic lupus erythematosus 

(SLE), porphyria and arthralgia. With all its 

side effects, griseofulvin still remains to be the 

gold-standard for treating dermatophytic 

infections (44). Treatment of cutaneous 

infection using natural sources is the ongoing 

research work of many research groups across 

the globe. 

 

A Novel Approach to Solve the Problem 

 

More recently the scientific community has 

turned its attention to secondary metabolites 

from actinobacteria and its exploitation for 

various purposes which include therapeutic, 

environmental and industrial applications.  

 

With developing microbial resistance and 

need for safe and cost-effective 

antidermatophytic drugs, screening of action-

bacteria for potential bioactive secondary 

metabolites becomes indispensible (45).The 

anti-dermatophytic activity of these three 

strains is anticipated to be due to high salt 

concentration of the environment. Under stress 

conditions microorganisms inhabiting the 

particular environment is said to produce 

complex chemicals that can be exploited 

medicinally. 
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