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ABSTRACT 

Background: Fungal infection is very common in developing countries due to the life 

style and illness like diabetes, HIV infection and use of immunosuppressive drugs. 

Dermatophytosis is a superficial fungal infection caused by keratinophilic fungi 

belonging to three genera, Trichophyton, Microsporum and Epidermophyton which 

affects hair, skin and nail. Distribution of the species of dermatophytes varies 

depending upon the geographic location, ecology and human activities. We have 

several dermatophyte speciation studies from Indian subcontinent, those were carried 

out among Indian ethnic group. Siddis/Siddhis are Southeast African descendants that 

were brought to India as slaves during 16th
 and 19

th
 centuries by the Portuguese. This 

study was conducted to determine the clinical profile, Antifungal Susceptibility, 

species distribution, genotype of predominant and rare dermatophyte isolates in this 

conserved Siddi community residing in southern part of India. 

Materials and Methods: The study was carried out from 2015 to 2017. A total of 

1004 clinical samples were collected from 937 Siddi tribal patients with suspected 

superficial fungal infection, all clinical samples were subjected to direct microscopy 

using 10% potassium hydroxide (KOH) and inoculated on to Sabouraud dextrose agar 

(SDA) with antibiotic and incubated at 28°C. Isolates were identified based on its 

macroscopic and microscopic features and urease hydrolysis. Genomic DNA was 

extracted by manual phenol-chloroform isoamyl alcohol method and eluted with 50 µl 

Tris EDTA buffer. Amplification was done by Polymerase chain reaction (PCR) using 

Internal transcribe spacer (ITS); ITS 1 and ITS 4. Antifungal susceptibility testing 

was carried out against 13 antifungal drugs, further all terbinafine resistance isolates 

were analyzed for mutation in Squalene Epoxidase (SE) gene. 
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Result: A total of 102 samples (10.15%) yielded dermatophytes on culture and a total 

of 193 samples have shown positive by direct microscopy. Tinea unguium (32.35%) 

and tinea corporis (27.45%) were the most prevalent clinical condition followed by 

tinea capitis (25.49%), tinea cruris (13.72%) and tinea pedis (0.98%). T. 

mentagrophytes complex (67.64%) was the most commonly isolated dermatophyte 

followed by T. rubrum (25.49%). Phylogenetic analysis based on the ITS region 

revealed T. mentagrophytes interdigitale complex belongs to “ITS genotype VIII”, 

suspected rare fungi was clustered with T. rubrum and Cladosporium halotolerance. 

Voriconazole have shown the lowest MIC (MIC50 0.00781 mg/ltr) and fluconazole 

have higher MIC (MIC50 2 mg/ltr). Among 25 isolates with higher MIC for 

terbinafine 4 isolates have shown F397L mutation. 

Conclusion: T. mentagrophytes type VIII was the prevalent organism causing 

dermatophytosis among Siddis and patients of 15 to 45 year old age group were the 

most often affected. Tinea corporis was the most common clinical manifestation. The 

most prevalent etiological agent was T. mentagrophytes, which corresponds to the ITS 

genotype VIII. Despite their origins in African nations, the distribution of 

dermatophytes and their etiological agent in the Siddi tribal population is comparable 

to that of native Indians. Cladosporium halotolerans, an indoor fungus, can cause 

superficial infections like tinea capitis. Voriconazole was the effective antifungal 

agent, whereas luliconazole and griseofulvin have shown higher MIC. Mutation in the 

1191 position which leads to substitution of phenylallamine to lucine at 397thposition 

in terbinafine resistant T. mentagrophytes isolates was observed in the present study.  

Key words: Dermatophytes, Trichophyton, Epidermatophyton, Microsposporum, 

Siddi and Molecular 
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1.0 INTRODUCTION 

Fungal infection is very common in developing countries due to the life style 

and illness like diabetes, HIV infection and use of immunosuppressive drugs.(1) Fungi 

are a unique category of higher organisms that are not related to plants or mammals. 

Fungal cell wall is made up of chitin whereas animal cell does not have the cell wall 

and plant cell is encased in cellulose, fungi get food or nourishment by secreting 

enzymes for external digestion, which they then absorb. These are simple in structure 

compared to the plant and animal cell. Fungal cell will not divide into tissue or organ, 

the basic structure of fungus is hyphae which are tubular or filament likes structure or 

independent single cell. During tissue invasion, several pathogenic fungi modify their 

development patterns. In tissue, these dimorphic fungi convert from hyphal to single 

celled form. The vegetative stage of most multicellular fungus involves mass 

branching known as mycelium. The septate hyphae in the more advanced group have 

more or less frequent cross walls. Fungi which do not contain hyphae but contains 

loosely arranged budding cells are known yeast cells. These yeast cells extend from 

the parent cell before budding, resulting in a chain of elongated cells known as 

pseudohyphae. Fungi reproduce asexually using microscopic propagules known as 

spores. Many fungi have the ability to reproduce sexually. Unless two distinct mating 

strains come into touch, most fungi are heterothallic and do not develop sexual 

structures. Some fungi are homothallic, meaning they may create sexual structures 

inside their colonies. The process then progresses to meiosis, which results in the 

formation of sexual spores. In modern mycological terminology, fungus sexual stage 

is referred to as telomorph, while its asexual stage is referred to as anamorph. 
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1.1 Classification of fungi: 

The classification and naming of fungus is based on their reproductive bodies 

and the method in which they are generated. Lately fungus is divided into four groups 

depending on differences in their reproductive structure. 

1. Chytridomycota: It consist of a single class with approximately 1000 species, 

none of them are pathogenic to human. The fusing of suitable nuclei happens 

during sexual reproduction, and meiosis occurs to produce motile spores 

known as zoospores. 

2. Zygomycota: There are roughly 175 genera includes 1000 species in this 

division. The fungus's vegetative state is aseptate. Asexual reproduction 

happens by forming the spores or sporangiospores, these are non motile and 

produced in the sac like structure known as sporangium. Sexual reproduction 

occurs when suitable colonies' nuclei fuse, resulting in the development of 

enormous single zygospores with thickened walls, on germination, meiosis 

occurs, and haploid mycelium grows. The Entomophthorales and Mucarales 

are two significant medical orders in this category. 

3. Deuteromycota: There are roughly 3200 genera and 32000 species in this 

category. The fungus's vegetative body is divided into septa. Asexual 

reproduction takes place by the formation of spores known as conidia from 

conidiogenous cell. These conidiogenous cell is not different from mycelium 

in some species. Condiogenous cells are produced in a specific hyphal 

structure known as a conidiophore in other species. The fusing of nuclei from 

suitable colonies is used for sexual reproduction Meiosis haploid spores called 

as ascospores, and ascospores are produced in sac like formation and these sac 
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like formations are recognized as ascus. The Ascomycota have primordial 

transition from a type of primitive to single asci toward an ascocarp with many 

asci. The telomorph genus of the dimorphic systemic fungal pathogen 

Ajellomyces is included in this division. Blastiomyces, emmoncia, and 

Histoplama are anamorphic genera.  

4. Basidiomycota: There are around 22,000 species in this category. Thallus is 

divided into septa. Variables in asexual reproduction conidia are produced by 

certain species, where as some species do not produce conidia. Few species 

reproduce sexually by fusing the nuclei after viable colonies, followed by 

meiosis, which results in the formation of basidiospores on the basidium. 

Basidia often produces macroscopic structure known as basidiocarp, the 

spores are often forcefully discharged.  

Fungal infection can be divided into three type superficial mycosis, 

subcutaneous mycosis and systemic mycosis.(2) Among the superficial mycosis 

dermatophytosis is the most common and contagious infection.(3) Dermatophtes are 

the keratenophilic fungi infect skin, hair and nail. Because the fungus cannot penetrate 

into the tissue or organ of an immuno-competent individual, infection is cutaneous 

and limited to the nonliving cornfield layer. 

1.2 Dermatophytosis: 

Dermatophytes are the keratonophlic fungi infects skin, hair and nail, 

dermatophytes are restricted nonliving cornified layers of immune-competent host 

due to its inability to invade the tissue or organ.(4) Ring worm infection, or tinea 

infection, is another name for it. Tinea is a preface to the Latin description affected 

area. The dermatophytic infection ranges from mild to severe depending upon the host 
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response to the fungal metabolic products, virulence of the infecting species or strain, 

site of infection and environment of the local geographical location. David Gruby 

described the causative agent of favus, he explained the clinical features and 

microscopy of its crust and discussed about its contagious nature of the disease in 

1986-1989. Later in 1890 Raimond Sabouraud began his scientific study on 

dermatophytes.(5) His contribution to dermatophytosis included taxonomy, 

morphology, methods of cultivation and treatment. He classified the dermatophytes 

based on clinical features, culture characters and microscopic appearance in four types 

of genera Achorion, Epidermophyton, Microsporum, and Trichophyton. Based on 

spore shape and accessory organs, Chester Emmons reclassified the dermatophtes into 

three genera: Epidermophyton, Microsporum, and Trichophyton, and removed 

Achorion in 1930. Using Vanbreuseghem's hair bait technique, Dawson and Gentles 

discovered the telomorph of Trichophyton (Keratinomyces) ajelloi in 1959, which 

initiated the discovery of teleomorphs of numerous dermatophytes as well as other 

keratenophilic fungi, further to see the pleomorphism and to study the taxonomy 

genomic study was carried out.  

1.3 Etiological agent:  

1.3.1 Anamorphs: Dermatophyes are split into three anamorphic genera which are 

Trichophyton, Epidermophyton and Microsporum which comes under Hyphomycetes 

(also known as Fungi Imperfecti) of anamorphic class under Deuteromycota.  

1.3.1.1 Epidermatophyton: The pathogenic species Epidermatophyton fluccosum has 

ovate with the narrower end at the base to widely club-shaped multicellular (1 to 9 

septa) macroconidia (20 to 60 m by 4 to 13 m) having smoother walls and no 



Introduction 

 

 Page 5 
 

microconidia. It depicts a colony with a gritty, crumpled, suede-like texture that 

grows slowly and is olive to yellow or golden-brown in hue. 

1.3.1.2 Mirosporum: Microsporum has produces the macroconidia with rough surface 

known as echinulate. It produces large number of macroconidia and lesser number of 

microconidia except one microsporum which hardly sporulates is Microsporum 

audouinii, after formation of macroconidia, it is usually seen singly on a 

conidiophore. 

Microsporum audoinii: M. audoiniican be difficult to identify since it sporulates 

infrequently or does not sporulate at all. It generates grey – white, cream to tan 

growth on saboraud's dextrose agar with pigmentation on the opposite surface of the 

growth with reddish brown. The production of terminal chlamydospores distinguishes 

microscopic finding. 

Microsporum canis: This species shows granular buff colored colony and yellow-

orange to orange- brown reverse pigmentation. Microscopic features include 

production of fusiform, echinulated, thick walled and multiseptate macroconidia and 

few microconidia.  

Microsporum gypseum: This species shows granular buff colored colony. 

Microscopic features include production of fusiform, echinulated, thick walled and 

multiseptate macroconidia and few microconidia. 

1.3.1.3 Trichophyton: This species has multi-celled, smooth-walled macroconidia 

with a variety of shapes (clavate, cylindrical, and cylindrofusiform) that develop alone 

or in clusters on the conidiophore. Depending on the species, strain, or culture state, 

macroconidia may be numerous, few or absent. 
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Trichophyton rubrum: This species produces slow growing flat or heaped up velvety 

or powdery colony which is highly folded, surface shows white to cream to deep rose, 

reverse shows wine red or some time yellowish orange in color. Microscopic feature 

shows the club shaped (tear shaped) microconidia arranged along the hyphae, smooth 

walled macroconidia.  

Trichophyton mentagrophytes: There are zoophilic (var.interdigitale) and 

anthropophilic (var.mentagrophytes) variants. Zoophilic strain produces granulated 

off-white colored colony whereas anthropophillic strain produces white and fluffy 

colony. Reverse pigment may be present and may resemble the reverse pigment of T. 

rubrum. This species generates spiral hyphae, smooth walled macroconidia, and 

spherical microconidia clustered along the hyphae. 

Trichophyton tonsurans: Shows powdery or granular brown colony, pigmentation 

may disappear after subculture. This strain may show yellow-brown to red reverse 

pigmentation. It produces a large number of differently shaped microconidia 

(elongated or clubbed or balloon shaped). The arthroconidia are also visible in some 

of the stains. 

Trichophyton violaceum: This strain grows slowly and creates a colony that is piled 

and twisted with a violet or lavender coloured surface. If reverse pigmentation is 

present, it is purple in colour. Microconidia and macroconidia are absent.  

Trichophyton schoenleinii: It generates “favic chandeliers,” these will be on  tip of 

the hyphae bearing antler-like forms and produces white to tan heaped up and twisted 

colonies with no colour on the reverse. It lacks microconidia and macrocondia. 
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Trichophyton concentricum: shows slow growing colonies in slightly red or beige to 

brown and these are intricate and later becomes glabrous. It lacks sporulation. 

Trichophyton soudanenase: It has a yellow to orange suede colony that is flat to fold 

and has radiating fringe. Purplish red variation on the surface. The reverse is the same 

colour as the surface. Arthroconidia often cause septate hyphae to split apart. 

Reflective branching is characterized by the formation of branches at both a forward 

and backward angle to the parent hyphae. Microconidia in the shape of teardrops may 

develop along the hyphae, but macroconidia are not present. 

1.3.2 Telomorphs: Few dermatophytes mostly zoophilic and anthropophilic 

dermatophytes like Microsporum and Trichophyton may also reproduce sexually by 

forming ascomycota with asci and ascospores. These belong to the Arthroderma 

genus, Arthrodermataceae family, Onygenales, phylum Ascomycota. 

1.4 Pathogenesis:  

Dermatophytes are primary cutaneous pathogens and causes skin, nail and hair 

infection it invades skin, hair and nail by producing an enzyme keratinase which 

digest keratin. The formation of mannans is another element that boosts 

pathogenicity. These are components of the cell wall that have immunosuppressive 

properties. Mannans may help to escape elimination by the host by suppressing the 

cell mediated immunity. In few dematophytes pathogenicity human genetics also 

plays an important role. In few families, tinea unguium is inherited as an autosomal 

dominant characteristic. T. concentricum causes tinea imbricate which is similar to a 

tinea corporis. It is an autosomal recessive pattern which is inherited.(6) 
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Many host mediated factor limits the invasion of dermatophytes. Progesterone 

shows the inhibitory effect on dermatophytes invite which explains the increased 

incidence in male compared to female. Unsaturated fatty acid present in the sebum 

inhibits the dermatophytes invitro, which explains the less frequency of 

dermatophytic infection on adult scalp in contrast to this palm and sole lacks the 

sebum could explain the persistence of infection in this region.(6) 

Fig 1.1 Invasion of dermatophytic fungi into the keratin layer of skin 
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1.5 Clinical manifestation: 

Traditionally the dermtophytes are named after anatomical site involved. The clinical 

manifestations are as follows. 

1.5.1 Tinea corporis: It's a glabrous skin illness that affects the face (but not the 

beard), trunk, and limbs (includes dorsal side of hands and feet).  It is commonly seen 

word wide and prevalent in person leaving in warm condition. It is seen in all age 

group. Immuno-compromised patients with disease like diabetes mellitus, Cushing 

syndrome and HIV infection are predisposing factors for dermatophytoses. Any 

dermatophyte species is able to cause tinea corporis infection. Anthropophilic 

dermatophyte T. rubrum is the most prevalent cause of tinea corporis all over the 

world. In children with tinea capitus, T. tonsurans is the main cause tinea corporis, 

person who comes in contact with animals zoophilic organism like M. canis and T. 

mentagrophytes var. mentagrophytes can cause the infection. Geophilic 

dermatophytes like M. gypseum  is more likely to cause the tinea corporis infection.(7) 

Clinical presentation may vary from non-inflammatory, scaly plaques to inflammatory 

pustules, with progressive scale and central clearance, an anthropophilic strain of 

dermatophyte may form annular plaque. Inflammatory lesion which may range from 

vesicle to pustule can be seen in infection with zoophilic and anthropophlic 

dermatophyte all lesion of tinea coporis may be pruritic. The dermatophyte may 

invade the hair follicle and cause perifollicular pustule which resembles bacterial 

folliculitis and may cause invasion of follicle wall and lead to granuloma formation. 

Majocchi's granuloma is more frequent in women who shave their legs and have 

onychomycosis or tinea pedis. 
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1.5.2Tinea unguim: Tinea unguim is the infection of the fingernail and toenail caused 

by dermatophytes,(5) whereas onychomycosis is a broad term used to indicate the 

fingernail and toenail infection caused by dermatophytes, non dermatophytic mould, 

yeast and rarely bacteria.   

Prevalence of Tinea unguim ranges from 3-13% in general population and 

may increases up to 28% in the age of more than 60 years reduced immune response, 

poor peripheral circulation, extended infection exposure, and poor cleanliness might 

all be factors.(8) Majority of onychomycosis, more than 90% is due to dermatophytes. 

T. rubrum and T. mentagrophtes is the major causative agent of onychomycosis and 

M. gypseum  less commonly seen organism in tinea unguim infection and T. 

tonsurans can be seen in children who has tinea capitis. Non-dermatophytes can 

appear as secondary infection in onychomycosis after the nail damage. Commonly 

seen non-dermatophytes in onychomycosis are Scytalidium spp. Scapulariopsis spp. 

Aspergillus spp. Candid spp. and Fusarium spp. 

Onychomycosis is classified into four types based on the clinical presentation 

and route of infection. 

1. Distal Lateral Subungual Onychomychosis (DLSO): It is the more commonly 

seen form of onychomychosis. The pathogen migrates proximally through 

lateral nail groove by penetrating the nail, causing moderate inflammation that 

can progress to prokeratosis and subungual hyperkeratosis, which can lead to 

onycholysis and subungual thickening. The infecting agent enters the nail 

plate through the lateral nail groove and migrates proximally, causing mild 

inflammation that can progress to prokeratosis and subungual hyperkeratosis, 
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which can lead to onycholysis and subungual thickening, as well as nail plate 

separation from nail bed. 

2. Whitish Subungual Onychomycosis (WSO): It is less frequently seen than 

DLSO. Invade the nail plate's surface. Well delineated opaque are seen on nail 

known as “White Island”. The infection may spread from the plate to the 

cornified layer and then to the hyponychium and to the nail bed, this causes 

nails to be mushy, rough and disintegrate. T. mentagrophytesis the common 

etiological agent. Non-dermatophytes like Aspergillus terreus, Acremonium 

potronii and Fusarium oxisporum can also cause infection.  

3. Proximal Subungual Onychomycosis (PSO): It is least commonly seen 

presentation of onychomycosis in immunocompetent population, however the 

infection can be seen in immune-compromised patients, especially in AIDS 

patients. Pathogens spreads away from the lunula region by entering the nail 

plate through the proximal nail fold, causing subungual hyperkeratosis, 

proximal leukonychia, and proximal nail plate destruction.(9) The prevalent 

causal agent is T. rubrum. 

4. Total Dystrophic Onychomycosis: The whole nail plate and bed are affected in 

complete dystrophic onychomycosis, and the nail thickens and becomes 

dystrophic later. Distal lateral subungual onychomycosis, proximal subungual 

onychomycosis, and white subungual onychomycosis are the causes of this 

condition. Rarely dense cream white subungual area is seen. In this condition 

densely packed somewhat abnormal hyphae can be seen, which are relatively 

resistance to systemic antifungal drug.  
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1.5.3 Tinea capitis: Tinea capitis is a disease caused by the dermatophyte which 

infects the follicle and scalp hair. It is common worldwide commonly seen in 

prepubescent children. M. canis is the common etiological agent worldwide. Some 

species are endemic to certain areas. T. violacium is endemic in Africa, Asia, and 

Europe, although non-endemic instances have been identified recently.(10) T. yaunndei, 

T. gourvilli and T. soudanense are endemic to Africa. Sporadic outbreaks can be 

caused by T. mentagrophytes, T. rubrum, T. verricosum, Trichophyton megninii, and 

M. gypseum(9). 

The causative agent of tinea capitis can be classified according to pattern of 

infection. Sheath around the hair shaft formed by arthroconidia can be seen in 

ectothrix infection, whereas in endothrix infection arthroconidia is formed within the 

hair shaft. In favic infection fungal hyphae fragment are seen in linear chain along the 

longitudinal axis of hair. The may be dry scaly patches alopecia or inflammatory 

pustules and kirions. There are four types of tinea capitis.  

Gray patch Tinea capitis: Hair growth is decreased or short stabbed at the site of 

infection in a circular or oval strongly defined area of partial alopecia.(9)  Hair may 

have tendency to break just above the infected skin. From the infected region, the 

lesion may extend peripherally to produce a patch with moderate inflammatory 

scaling. Some time resembles the dandruff.  

Black dot tinea capitis: Endothrix of hair can be seen in this type of infection leads 

to break arthroconidia laden stub visible.(9,11) When hair color is black the dot appears 

in black color. In case of other hair color dot appears in the color of hair. T. tonsurans 

is commonly isolated infective agent followed by T. violaceum and T. rubrum. T. 

yaunndei, T. gourvilli and T. soudanense are endemic in the parts of Africa.  
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Inflammatory Tinea capitis: All dermatophyte capable of producing tinea capitis 

can cause inflammatory tinea capitis the lesion may range from pustular folliculitis to 

kerions.  

Favus: Favus is another type inflammatory tinea capitis caused by T. schoenleinii and 

Scutula is a cup-shaped yellow crust that forms within hair follicles and is made up of 

hyphae, neutrophils, and epithelial cells. It produces bluish white florescence under 

Wood’s lamp.(1) 

1.5.4 Tinea barbae: It is the infection of the facial beard area if men caused by 

dermatophytes. Infection may transferred by contaminated razor used in 

barbershop.(12) T. mentagrophytes and T. verrucosum are the two main causative agent 

followed by T. rubrum T. megninii, T. violaceum, T. schoenleinii and M. canis. T. 

mentagrophytes and T. verricosum are zoophilic organisms that cause an 

inflammatory lesion with kerion with swampy development, raised nodule draining 

pustule and sinus tract, and hair that is loose, damaged, or missing on the affected 

region.(9) The chin and neck are also affected, with the problem spreading throughout 

the full beard. Secondary clinical presentation is non inflamatory or sycosiform and 

resembles the bacterial folliculitis. In case of T. violaceum or T. rubrum hair in the 

affected area may be loose, broken and resembles tinea corporis infection.(9) 

1.5.5 Tinea cruris: The dermatophytes causes the tinea cruris infection of the, 

inguinal, upper thigh, pubic and, perianal areas, with the buttocks occasionally 

affected. Crowded living condition sweating, tight clothes, and communal bathing 

facilities of the military forces, athletic team, or prisoner can be a predisposing factor 

for infection.(13) T. rubrum is the common eitiological agent followed by E. fluccosum 

and T. mentagrophytes. T. rubrum and E. fluccosum produces non-inflammatory 
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slightly erythema with distinct active margin. T. mentagrophytes produces 

inflammatory lesion with sever itching sensation.  

1.5.6 Tinea pedis and Tinea manum: Tinea pedis is a disease caused by 

dermatophytes, which causes the infection to the plantar surface of the toe web and 

foot, and T. mannum, is an infection caused by the dermatophytes to the palmer 

surface of the hand interdigital area. T. rubrum and T. mentagrophytes are common 

causative agent followed by E. fluccosum.(13) 

Clinical infection by tinea pedis generally fall into the following 4 types 

Moccasin, interdigitale, inflammatory and ulcerative.(8) Moccasin lesion is dry entire 

plantar surface is involved and extends to lateral foot. Hyperkeratic scales may be 

produced with fissure occasionally. Maceration, scaly, and fissures of the toe web 

characterize the interdigitale lesion. Between the fourth and fifth toe web skin is 

frequently damaged where T. rubrum is commonly isolated. Secondary bacterial 

infection is seen and which may results in dermatophytosis complex. Vesicular bulla, 

pustules, and vesicular hypersensitivity response are inflammatory lesions that appear 

on the instep or mid anterior plantar surface. Tiena mannum produces scale on palmar 

skin which is quite hyper 
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Table 1.1 Causative agent of dermatophytosis in different clinical condition. 

Sl. 

No. 
Clinical condition 

Commonly 

affected area 

Commonly isolated etiological 

agent 

1 Tinea corporis 
body, shoulders 

and legs, 

E. floccosum and Trichophyton 

spp 

2 Tinea capitis Scalp and hair 
Microsporum spp., E. floccosum 

and Trichophyton spp. 

3 
Tinea ungium 

(Onychomycosis) 
Nail T. rubrum and T. mentagrophytes 

4 Tinea cruris 
Pelvic, perianal 

and perineal region 
T. rubrum and E. floccosum 

5 Tinea manuum 

Palms and 

interdigital areas 

of hands 

T. rubrum 

6 
Tinea pedis (Athlete’s 

foot) 

Soles of feet and 

toes 

E. floccosum and Trychophyton 

spp 

7 Tinea faceae Face Microsporum sp. 

1.6 Immunology:  

Dermatophytes are usually found in the stratum corneum's dead keratinized 

tissue and may lead to mild to severe inflammatory response(14). The fungal infection 

is not recognized by a particular immune response to the surface cornified layer, 

although humoral immunity, cell mediated immunity, and specific or non-specific 

host defenses respond, the dermatophytes are finally eliminated and access into viable 

tissue is avoided. In the dermatophytosis infection the cells like Neutrophils, 
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lymphocytes, macrophages, and mast cells fights against dermatophytes as they have 

unsaturated transferrin, 2-macroglobulin keratinase inhibitor, epidermal 

desquamation, and macrophages, lymphocytes, macrophages, mast cells and 

neutrophils. Dermatophytes have two main antigens: peptidogycans and keratinase. 

Protein portion of the peptidogylcans are responsible for the cell mediated immunity 

whereas protein portion can stimulate humoral immunity.(14,15) 

1.7 Siddi tribals:  

Siddis are unique tribe who has African ancestry who are said to be direct 

ancestors of Africans transported to India by the Arabs, Portuguese, and Dutch. They 

originate from Ethiopia, Mozambique and Eastern African countries.(16–18) They have 

been living in India for many generations and never had been to their original land. 

Some previous studies have shown the genetic relatedness of the Siddi community 

with Africans.(19–22) However study conducted using autosomal and Y-chromosomal 

genetic marker has shown Siddis have likely ancestry of sub Saharan Bantus.(21) Many 

of the African farmers were settled in east African countries during Bantu expansion 

and Portuguese were predominantly ruling this region during 15th to 17th century and 

they might have brought them to India and sold to nawabs and sulthans.(23,24) 

Existence of Siddis were documented in 1100 AD, later in 13 century they brought to 

India in large group as their slaves.(24) Later in 17th – 19th century Portuguese brought 

them to India later many have become officials in Muslims and Hindus armies and 

rose to power in more than one place.(17,25) These Afro-Indians are known as 

Sidi/Siddi/Sidhi or Habshi/Habsi. Majority of them reside in the western coastal areas 

of Karnataka and few in Goa, Maharashtra and Gujarat states with nearly total 

population of 0.25 to 0.30 million.(26,17) 
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Fig 1.2 Siddi tribals 

 

In Karnataka, Siddis are spread over the forest areas of Uttara Kannada 

district, Siddis are escaped from Goa and later settled in thick green forest of Uttar 

Kannada district.(17,25,26) In Uttar Kannada district they are found in Yellapura, 

Ankola, Mundgod, Sirsi, and Joida taluka places. Few of them are also settled in 

Khanapura and Khalaghatagi of Belagavi and Dharwad district respectively as both 

talukas are bordered with Uttar Kannada district.(27,26) 
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Uttar Kannada district is coastal area, where western ghats passes through. 

Most of Uttar Kannada district is has thick forest with hill station lies between 130 and 

150 north latitude and 740 and 760 east longitude. Most of the Siddis are settled in the 

slop of western ghats with thick forest and valleys having spice and areca nut 

plantation.(25) Many Siddis are also scattered along the Hubli and Karwar road from 

east to west and Belagavi and Sirsi road from north to south. Most the Siddis live in 

small huts having hay roofing and outside wall of the house is built by mud and 

plastered with cow dung. Some of the Siddis also live in concrete houses.(19) Siddis 

lives in separate houses close by one another with minimum of 5 houses and 

maximum of 40 houses can be seen. In 1996 survey total population of Siddi 

community were 12,153 with 2405 families.(25) 

Siddis are adapted to the local regional culture and language. They belong to 

Christian, Muslim and Hindu religions, lead a simple life and live in small hamlets. 

Siddis can speak local regional language Kannada. In the region like Yellapur and 

Ankola they speak Kannada and Konkani, in Haliyal region Muslim Siddis can speak 

Kannada and Urdu whereas Christian Siddis can speak both Kannada and Konkani.  

Siddis are well built and short or tall with strong or medium physique. Siddis 

have dark complexion of skin. They have peculiar characteristic form of hair. Hairs 

are woolly, frizzy and curly known as helical hair. They have rough textured hair and 

very few may have wavy hair. Siddis have reduced beard and mustache.  

Most of the Siddis have nuclear family they divide and establish separate 

house after marriage. Joint families can also be seen in the community. Elder male 

heads the family and takes important decision in the family. These Siddi tribal 

community respect elders and have mutual obligation among living family members. 
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Few recognized people in the community acts as leader or Guru and give guidance to 

the community. Most of the Siddis follow monogamy, boys get married at the age of 

23 and girls get married by 19 years of age.(26) Early marriages are reduced in the 

community and child marriages are not been practiced in the community. The 

incidence of inter caste marriage is seen in the community.  

Most of the Siddi depends on agriculture for the source of income some of 

them are involved in forest labor, honey collection, and daily wage labor. Along with 

the agriculture they also volunteer to work in areca nut gardening, cut trees for forest 

contractors 

Humid and warm atmosphere of the Indian subcontinent is good growth 

environment for fungi, especially to dermatophytes.(16,18) The most common fungi 

causing dermatophytosis in this geographic area are T. rubrum and T. 

mentagrophytes. Although Siddis have adopted the local social and religious life 

styles, they form a different physical and genetic group as compared to local native 

Indians and hence, their health and disease status especially the 

susceptibility/resistance to certain infections vary. There are very few reports on 

health and diseases associated with Siddis especially the fungal infections. However, 

certain geographically restricted fungi have been associated with Siddi community, 

which are found to be closely related to the isolates reported from Eastern African 

Countries.(16,18) 

Even though this community never had been to their original land and never 

exposed to their ancestors but some rare infections are still prevalent in this 

population as compare to local Indians. Among them, some of the rare and exotic 

fungal infections specially ring worm/tinea infection/dermatophytosis are commonly 
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seen among this community. Even though such tinea infections are seen in native 

Indian of the region, but the species causing such infections are totally different and 

are rare. These species known to cause such infections among negroid people like 

Africans. Very few cases have been reported but such geographically restricted fungi 

in the past.(28) This peculiar observation has stimulated us to think can this fungi 

infection relate their ancestral relation to African origin 
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1.8 Objectives  

1. Isolation and identification of dermatophytes associated with skin infections in 

Siddi community. 

2. The prevalence of dermatophytosis in the Siddi tribal community.  

3. Phylogenetic analysis of the exotic and rare fungal isolates 

4. A comparison of the genetic relatedness of the research isolates with African 

isolates. 
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2.0 REVIEW OF LITERATURE 

Fungi are ubiquitous saprophytes generally involves in the decomposition and 

recycling of organic matters and have capacity to colonize in any environment. 

European physicians,  discovered the fungal etiology of favus, which began medical 

mycology.(29) 

2.1 Historical review: 

In India mycotic infection has been mentioned long back in ancient books in 

Ayurveda mentioned generally as skin diseases and the term “Dadru” was used to 

indicate the superficial infection. Based on the morphology of the fungus Planek of 

Vienna introduced classification of skin disease. Authers replaced the term prurrigo 

with tinea to put down leave tinea favosa (favus), tinea tonsurans and tinea 

dseclavans.(30) First human pathogen isolated and identified was the fungus by Remak 

in 1834. First clinical condition considered to be dermatophytosis was favus. Remak 

observed the presence of filament when examined tinea favosa. These filaments 

described as fungi by Schonlein (1839) and Weitzman and Summerbell (1995). While 

fungal infections are common in both temperate and tropical regions, the distribution 

of dermatophytosis, its etiological agents, and infection rates differ by geographical 

region and are influenced by a variety of environmental and cultural factors. 

During 1841-1844 Gruby explained the clinical features and microscopic 

characteristics of favus. He was completely unaware of Remak and Schönlein's 

studies on favus, he explained fungus can invade hair of beard and scalp to cause 

enctothrix and causative agent was named as M. audouinii. He also described the 
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endothix hair invasion and named the causative agent as Herpes (Trichophyton) 

tonsurans.(29,31) 

Dermatophytes were further classified by Sabouraud, a French dermatologist 

into four genera i.e., Achorion, Microsporum, Trichophyton and Epidermophyton 

based on  clinical type and culture characteristics, In 1910, he published his work, in 

which he explained about conidial characters, colony morphology, taxonomical 

characters and treatment. Robert W discovered the woods lamp which was used to 

detect the hair infection by fungus in 1925.(32) 

Chester Emmons (1934) categorized dermatophytes based on conidial 

morphology and accessory structure, emphasizing the anamorphic genera 

Epidermophyton, Microsporum, and Trichophyton while excluding Achorion.(29) 

2.2 Epidemiology:  

Dermatophytes, yeasts, and NDM are the most common fungal pathogens 

relevant in medical practice, according to Ajello (1962) and Weitzman and 

Summerbell (1995). Fungi are found in about 100,000 different species all over the 

planet. The capacity to digest keratin distinguishes the approximately 40 distinct 

species of dermatophytes that have been identified as human diseases. Trichophyton, 

Microsporum, and Epidermophyton are the three genera of dermatophytes that cause 

the majority of cutaneous fungal infections.(33,34) There is a substantial change in the 

epidemiology of dermatophtes over last few years,(35) epidemiology of dermatophytes 

are influenced by several factors like migration, climatic factors, growth in tourism, 

changes in socioeconomic conditions, overcrowding, healthcare, environmental 

hygiene and culture.(34,36–39) The dermatophyte infection is cosmopolitan etiological 
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agent vary in the different part of the world. Its incidence of dermatophytes may 

increased by the risk factors like high humid weather, over population and unhygienic 

conditions.(34,36,38–43) Its frequency may increase in tropical and subtropical 

countries.(44) The etiological agent and the anatomical site involved in the infection of 

the dermatophtes depend upon the geographical area and due to travel. The incidence 

of the dermatophytic infection may also increase in immuno-compromised patients 

like trauma associated with diabetes mellitus, patients on chemotherapy, and in HIV 

patients.(45) Other factors like air tight clothing and shoes during sports activity and 

communal swimming pool may also increases the incidence of dermatophytes. 

According to Erbagci et al., the dispersion of dermatophytes isolated from skin and 

nail diseases has improved significantly during the previous century (2005). E. 

floccosum and M. audouinii dominated human pathogenic dermatophytosis in the 

1920s, while T. rubrum was almost unheard of and although dermatophytic cases of 

tinea ungium(46,47) accounted for just 2.8 % of 106 mycoses diagnosed in 1938, their 

prevalence increased to 10.8 % in 1949 and Buchvald and Simaljakova (1995) all 

detailed these improvements (1995). 

Dermatophytosis is the common superficial infection. As per the CDC 

prevalence of dermatophytosis is 20-25% worldwide. 30 to 70% of adult host are 

asymptomatic for dermatophytic infection because of which incidence of the infection 

increase with age.(34,36,38,42,43) T. mentagrophytes is the most prevalent cause of 

dermatophytosis, which may be found in tinea corporis, tinea unguim, tinea faciae, 

tinea capitis, and tinea cruries. Some investigators have found that T. rubrum is the 

common cause of dermatophytosis.(48) T.  rubrum was found to have risen from 41.7 

% of all dermatophytic isolates in 1950 to 82.7 % in 1993, according to Marakiand 

Tselentis (1998). According to another study, 37 % of T. rubrum isolates were 
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retrieved from nail samples and 36.4 % from feet, accounting for 73.4 % of all 

isolates,(49) but recent studies showed the shift of trend from T. rubrum to T. 

mentagrophytes.(50–52) Tenia corporis is the common clinical manifestation in 

dermatophtosis.(50,51) 

Men are more likely than women to develop dermtophytosis, according to 

several studies. According to one of the latest studies, it is more widespread in men 

(84 %) than in women.(53) Khadri et al. recently published a study on the Clinico-

Mycological Profile of dermatophytes in Vijayapur, Karnataka, which found that 

dermatophytosis is most widespread in the age group of 21-30 years (37.5%), 

followed by 31-40 years (37.5%), 31-40 years (37.5%), 31-40 years (37.5%), 31-40 

years (37.5%), 31-40 years (37.5%), 31-40 years (37.5%), 31-40 years (3 (17.5% ). 

The sex-wise incidence indicated that males (55%) are significantly more likely than 

females to have it (45%). Tinea corporis was the most common form of 

dermatophytosis (57.5%). Tinea cruris (15%), tinea facei (10%), and tinea corporis 

(10%) are the most common clinical types (12.5%).(54) According to Philpot (1997), 

males may be more susceptible to infection because they are exposed to more fungal 

pathogens.(55) Increased occurrence may be due to the style of shoes and clothing 

worn, especially in the army, schools, and athletic events.(56,57) There were also 

differences in the prevalence of different clinical forms, such as tinea infection of the 

groin being more prevalent in males, while tinea infection of the foot and nail 

infection being more common in females.(58) 
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Interaction with animals, increased use of public sports facilities (especially 

swimming pools), wearing occlusive training shoes, the occurrence of diabetes 

mellitus and vascular disorders such as arteriosclerosis, and an ageing population are 

all factors that contribute to the development of dermatomycoses in socially and 

economically developing countries. This is in addition to well-known risk factors 

including a friendly demeanour, male gender, foot injuries, and cigarette smoking. 

Despite geographic features and predispositions for dermatophytic infections, 

Ceburkovas et al. (2000) discovered that the dermatophyte continuum is not 

stagnant(59). Global sporting events, mass tourism, and rising human migration all 

contribute to the import and spread of less common species to specific geographic.(60–

62) While dermatophytic infection is more prevalent in adults, especially those 

between the ages of 16 and 45, tinea infection of the scalp is widely believed to be a 

disease of children and young adolescents.(59,63) The continuum of dermatophytes is 

not static, despite geographic features and predispositions to dermatophyte infections. 

Less popular or forgotten species are being introduced and disseminated as a result of 

growing mass tourism, foreign sporting events, and increased migration.(34) 

Dermatophytes grow at surface temperatures of 25-28°C, according to Stiller 

et al. (1992) and Weitzman and Summerbell (1995), and infection of human skin is 

facilitated by warm and humid circumstances, as well as seasonal change, which aids 

fungal infection dissemination.(29) Cutaneous fungal infections are increasingly 

widespread in tropical areas as a result of these factors. Furthermore, dermatomycoses 

is more common in populations with low socioeconomic conditions, as well as 

crowded environments with many opportunities for skin-to-skin transmission.(64) The 

outbreak distribution of dermatophytes skin infection is exacerbated by inadequate 

sanitation and the lack or poor quality of medical treatment. The propagation of 
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zoonotic fungal infections in culture is aided by close proximity to domestic animals 

and livestock.(34) Despite geographic features and predispositions for dermatophytic 

infections, Hormonal modifications during puberty cause acidic sebaceous gland 

secretions, which are responsible for the decline in dermatophyte occurrence.(53) 

Deirdre and Buckley (2000) and Brouta et al. (2000), on the other hand, record only a 

few cases of adult infection.(65) 

2.3 Etiology:  

Many type of dermatophytosis has been reported in India, the commonly 

isolated etiological agents in India are T. rubrum, T. mentagrophytes. In the late 

twentieth century, T. rubrum was one of the most common causes of dermatophytosis 

in Asia, including India. In Jaipur, Rajasthan, Western India, T. rubrum reported 46 % 

and T. mentagrophytes reported 14 %in 2008,(66) Lakshmanan et al in 2011 were able 

to provide comparable findings from Tamilnadu, India for T. mentagrophytes. T. 

rubrum was discovered in 79 % of the cases, while T. mentagrophytes was found in 

14.5 % of the cases.(67) T. rubrum was the most common dermatophyte in Goa, 38.2 

% in Western India, followed by 27.2 % T. mentagrophytes.(68) Further many other 

researchers have also shown the highest prevalence of T. rubrum in the 

dermatophytosis infection.(69,49) There was an increased incidence of T. 

mentagrophytes was reported in south India in 2012 by Hanumanthappa et al. 58.9% 

T. rubrum was demonstrated where as T. mentagrophytes was accounted for 

24.6%.(70) Agarwal et al. have demonstrated 34 % T. rubrum, and 38 % T. 

mentagrophytes in northwest India.(71) However, T. rubrum was found in 66 % of the 

studied samples in North India in 2014, whereas T. mentagrophytes was found in 19 

%. Ramaraj et al. have shown 45 % of T. mentagrophytes and 49 % of T. rubrum.(72) 



Review Of Literature 

 

 Page 28 
 

In 2016, in north Karnataka region the commonly isolated causative agent of 

dermatopytosisis T. metagrophytes with prevalence of 48.3%.(73) Bhatia and Sharmain 

from Himachal Pradesh, India, conducted epidemiological study of dermatophytoses, 

and discovered 63.5% increase in T. mentagrophytes and T. rubrum 35.1 %.(74) 

Ramaraj et al. in the year 2016 isolated T. mentagrophytes and reported 44.75 % from 

Chennai which is a next most widespread causative agent of dermatophytosis 

followed by T. rubrum with the prevalence of 48.95%.(72) In multicentric study 

conducted by P. Nenoff et al. showed higher prevalence of T. mentagrophytes in 

93.21% and only 6.79% T. rubrum prevalence was observed.(68) Mahajan et al. 

performed a study called clinico-mycological study infectious dermatophytes and 

their antifungal susceptibility to the medications in a tertiary care centre in Uttar 

Pradesh, India. T. mentagrophytes was the commonly discovered species, with a 

75.9% isolation rate. T. interdigitale was found in 63 (94 %) of 67 dermatophytes.(75) 

Similar situation seen after second world was where there was shift in trend of 

etiological agent, where T. rubrum has replaced T. mentagrophytes. T. 

mentagrophytes was the predominant causative agent of dermatophytosis before 1935 

and thereafter increase in the prevalence of T. rubrum was observed Isolates of T. 

mentagrophytes per 100 dermatophytosis cultures dropped 80% - 20 % from 1935 to 

1954, according to researchers in New York, T. rubrum, on the other hand, was the 

opposite. T. mentagrophytes incidence decreased from 13 % in 1935 to 2 % in 1954, 

whereas T. rubrum incidence increased from 1.8 % in 1935 to 10 % in 1954.(68,76) 

Gong et al. were able to establish that highly discriminating microsatellites are linked 

to population divergence and genetic diversity in T. rubrum. They were the first to 

employ highly discriminating molecular markers to provide information about T. 

rubrum populations, suggesting that T. rubrum populations in densely populated cities 
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may be more adaptive due to greater genetic diversity under selective pressures. The 

shift was thought to be caused by external elements such as humidity, temperature, 

and stress, as well as internal factors such as the host-parasite relationship, host 

susceptibility, and immunological components.(77) 

Malhotra et al. found in 1979 that tinea capitis (94%) was the most frequent 

dermatophytoses among Libyan children. The most prevalent dermatophyte species 

was T. schoenleinii (69.5 %), followed by M. audouinii (23.8%). Mikhasik et al. 

identified T.rubrum (71.3%) and T. interdigitale (28.7%) as the most common 

causative agents in foot mycoses in Russia in 1990.(78)T. rubrum was the most well-

known dermatophyte in north and central Europe, primarily associated with tinea 

corporis and tinea cruris infections. Twenty isolates of T. viollaceum have been 

identified as being linked to tinea capitis and tinea corporis in Melbourne, Australia, 

over a 32-year period. Monod et al. (2002) identified T. rubrum as the most prevalent 

etiological agent in Switzerland, followed by T. mentagrophytes and M. canis.(79) In 

2002, Lacroix et al. reported that 45 % of runners in France were infected with T. 

interdigitale sores on their feet, whereas 31 % were asymptomatic. In tinea pedis, the 

primary etiological agents were T. interdigitale and T. rubrum.(80) 

T. rubrum was the predominant causative agent in Cleveland, Ohio, USA, 

Foster et al. reported T. rubrum caused skin mycotic infection with recurrence which 

was accounted for 64.4% in 1999 to 79.3% in 2002.(81) In 2004, Brilhante et al. found 

that 46.4 % of Brazilians had dermatophytoses. The most prevalent isolates were T. 

tonsurans (54.41 %), M. canis (38.97 %), T. rubrum (4.41 %), T. mentagrophytes 

(1.47 %), and M. gypseum (0.74 %)(82). Ioannidou et al. (2006) studied the 

epidemiology of onychomycosis in Crete, Greece, and found that 83.3% of patients 
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tested positive between 1992 and 2001. Onychomycosis was found in 24.3% of 

patients, with infected nails found in 10.7% of cases, with 36.7 % men and 63.3% 

females.(83) 

The presence of the uncommon geographically limited dermatophytes T. 

yaoundei and T. soudananse in the migrating Siddi ethnic population has been shown 

in several investigations.(16,18) In 1993, Hemashettar B.M. has isolated T. yaoundei in 

Siddi community. T. yaoundei was isolated from a 6-year-old Siddi kid who had 

numerous greyish white scaly lesions of varying sizes scattered all over his head and 

had characteristic negroid features. These lesions had started 6 to 8 months prior, 

according to the child's father. The patient had never left the North Karnataka area of 

South India, nor had he made contact with anyone who had lately visited Africa.(18) 

Hemashettar & Nadig identified T. soudanense, another geographically confined 

African dermatophyte, from a local patient in South India in 1980. The patient had 

never been abroad of the country, and the illness had no clear cause. The discovery of 

this unique fungus on India's west coast suggests the possibility of an African 

dermatophyte hotspot nearby.(16) T. soudanense was isolated outside of Africa as a 

result of its isolation, it’s been suggested that its existence outside of Africa might be 

a relic of the historic slave trade that took place between the 15th and 19th centuries. 

Studies conducted in the other part of the world have also reported the 

presence of rare dermatophytes in the migrated African population. Jacquelyn R. 

Coloe et al. have shown the presence of T. violaceum species (4.2%) and T. 

soudanense (1.6%) in children with tinea capitis.  Reported 86.2% of cases were seen 

in the African originated patients. The spread of T. violaceum outside of Africa has 

been linked to emigration from Africa.(84) 
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In Stockholm, Sweden, a tinea capitis pandemic caused by T. violaceum was 

reported (68 % of 92 isolates).  83% of these infants were born to African immigrants, 

with Somalia accounting for 41 %. T. violaceum was found to be present in 87 % of 

Somali individuals with tinea capitis.(85) T. violaceum discoveries among African 

immigrants have been documented in Florence Italy (24), Bordeaux France (25), 

Hamilton New Zealand (26), and Melbourne Australia (27). Between 1983 and 1994, 

209% rise in tinea capitis was seen in African Americans in California, according to 

Lobato et al.(86) Athanassios Kolivras et. al. reported the isolation of T. soudanense in 

35 cases (28.69%), T. violaceum in 22 cases (18.03%) of 122 children from Brussels 

Belgium. The infections linked with the bulk of TC cases in Brussels and other large 

European cities are anthropophilic dermatophytes, which represent primarily North 

and Black African population migrations.(87) 

Only a few times have T. violaceum and T. soudanense, which are common 

causes of tinea capitis in Africa and West Asia, been identified from patients in the 

United States. Among 14,696 dermatophytes isolated from patients at 54 locations 

across the United States from 1985 to 1987, only 12 were recognized as T. violaceum 

and only 2 as T. soudanense.(88-91) 

Shelley S. Magill et al. observed 25 T. violaceum and T. soudanense isolates 

from 24 patients.  To isolate these organism in Baltimore, Maryland in 2005 at the 

Mycology laboratory of John Hopkins hospital, 16 (67%) patients of 24 have given 

the country of origin where 14 (88%) patients of 16 patients were migrated from 

eastern African countries like Kenya, Uganda, Somalia, Tanzania, and Ethiopia and 

West African countries like Liberia and the Congo. 2 patients of 16 patients have 

given the history of US origin. 11 (69%) patients of 16 patients were living in US 
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since 2 years or less and 5 (31%) patients were living in US since more than 2 

years.(92) 

2.4 Molecular characterization of Dermatophytes.  

Physiology and feeding are less important in traditional dermatophyte 

classification than gross and microscopic appearance. However, because of their 

overlapping characteristics, unpredictability, and pleomorphism, identifying isolates 

has proven difficult. To go beyond traditional techniques of identification, many 

chemotaxonomic procedures have been developed and establish interspecies 

relationships. Disc electrophoresis of culture filtrate proteins,(93) pyrolysis–gas–liquid 

chromatography for fatty acid analysis,(29,94) polyacrylamide gradient gel 

electrophoresis of total cell protein extracts for zymogram patterns,(95) and isoelectric 

focusing of somatic extracts in thin-layer polyacrylamide gels are among them.(96,97) 

The investigation carried out by Davidson et al. and shown the base content of 

chromosomal DNA from 55 isolates of dermatophytes representing 34 species using 

CsCl density gradient centrifugation.(98) All dermatophytes species (Microsporum, 

Trichophyton, and Epidermophyton) examined had G+C content that fell within a 

short range of 48.7 to 50.0 mol%. And suggested that dermatophytes have great 

overall phenetic and genetic similarities, its classifications based on present 

phenotypical features cannot be entirely justified. Following that, taxonomy of the 

three dermatophyte taxa was determined using DNA homology by Davidson and 

Mackenzie,(99) purified DNA from ten isolates reannealed by hydroxyapatite 

chromatography. T. terrestre is the only exception, showed less similarity with A. 

benhamiae (T. mentagrophytes) and T. rubrum, DNA homology values of 65 to 80 % 

corresponded to species within a genus in 25% and 24 %, respectively, and Their 
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findings were in accordance with existing categorization system, notably in speciating 

different genera, whereas A. incurvatum (M. gypseum), which shown lowered 

similarity with M. canis of 28 %. The results of DNA hybridization between 2 strains 

of T. rubrum and A. benhamiae showed a close relationship of 73% and 76 % 

respectively. Mitochondrial DNA was used for the identify taxonomy as genetic 

marker during 1980.(100,101) 

Twenty two T. interdigitale isolated in Japan was investigated for its relation 

with other T. mentagrophytes complex by analyzing restriction enzyme like HaeIII, 

MspI, and HindIII.(100) They found T. interdigitale and T. mentagrophytes were 

showing close relation to the A. vanbreuseghemii when compared when restriction 

profiles of their T. mentagrophytes var. interdigitale isolates with A. simii, A. 

benhamiae, and A. vanbreuseghemii. A. simii shown the different restriction profiles 

from A. vanbreuseghemii's MspI and HindIII and A. benhamiae was different from 

the other species and to identify the taxonomic connections of Trichophyton species 

and create a sequence diverse based phylogenetic tree, researchers utilized 5 

endonucleases which includes HaeIII, MspI, HindIII, XbaI, and BglII.(101) Seven 

groupings of Trichophyton species were identified. T. rubrum was divided into 2 

groups group I and group II, group I was found to be more closer to A. benhamiae 

genetically when compared to group II, further Davidson and Mackenzie reported  A. 

benhamiae and T. rubrum were having 76% similarity in the DNA homology. T. 

mentagrophytes var. erinacei was closely linked to A. benhamiae. Similler restriction 

pattern was shown by T. rubrum type II, T. tonsurans, and A. vanbreuseghemii, 

suggesting that they are related or identical. According to Ajello et al., T. 

quinckeanum (T. mentagrophytes var. quinckeanum) and T. schoenleinii showed 

restriction profiles comparable to A. vanbreuseghemii. Pleomorphic strains were 
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identified via mtDNA analysis. The authors came to the conclusion that traditional 

taxonomy based on morphology does not always match results from mtDNA 

restriction profile research. 

Walberg et al. (2006) examined clinical specimens from 346 patients with 

suspected onychomycosis using 18S PCR, sequencing, and database searches in 

tandem with standard agar culture.(102) Using the ribosomal DNA (rDNA) gene 

complex in fungus to signify gene order and the position of the internal transcribed 

spacer, Yang et al. in  2008 developed a nested PCR approach that can be utilized 

directly on clinical samples and enhanced sensitivity detection (ITS).(103) Through the 

amplified products of the ITS1-5.8 SrDNA-ITS2 areas, Mirhendi et al. 2008 

investigated the use of PCR followed by enzymatic digestion for differentiating of T. 

rubrum and T. mentagrophytes.(104) Mirzahoseini et al. 2009 developed a PCR-RFLP 

analysis of the PCR-amplified ITS region of rDNA for fast identification of 

dermatophytes in clinical specimens, as well as demonstrating that this approach was 

a quick and accurate method for identifying major pathogenic dermatophytes. Using a 

common reverse primer and two distinct forward primers, Malinovschi et al. in 2009 

designed the PCR reactions to be efficient under the same PCR processes, allowing 

the detection of two fungi from one reaction volume.(105) 

Rezaei M et al. in 2012 used the universal fungal primers ITS1 and ITS4 to 

amplify the ITS1-5.8S ITS2 region of rDNA from various dermatophyte species and 

digested the PCR followed by MvaI-RFLP was shown to be a helpful and reliable 

method for identifying and distinguishing many pathogenic species, and it could be 

utilized for fast screening of even closely related dermatophyte species.(106) 
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2.5 Antifungal susceptibility Testing:  

In 1958 Genetles have demonstrated the griseofulvin oral therapy in guinea 

pigs by experimental dermatophytosis, revolutionized dermatophytosis treatment and 

was the first significant change in tinea capitis treatment since Sabouraud's work.(107) 

Dermatophytoses usually respond well to topical antifungal treatment, however it 

might be ineffective for severe infections/infections involving the nails or scalp, 

which necessitate the use of systemic antifungal agents. The vast majority of 

antifungals are fungistatic, with skin concentrations achieved when applied topically; 

dermatophytes grow more slowly and are eliminated with skin renewal, resulting in 

recovery.(108) However in the dermatophytosis the infected nail in case of tinea 

unguium will not respond to the antifungal agent.(109) 

Since past few years the recurrence of dermatophytosis has observed by many 

researchers, which have developed resistance to routinely used antifungal 

medications.  

The amount, location, and clinical type of infection must all be considered, as 

well as the etiologic agent, the antifungal's spectrum of activity and pharmacokinetics, 

any potential pharmacodynamic drug-drug interactions, adverse effects, cost, and a 

risk/benefit analysis. Azole antifungal medications reduce the synthesis of ergosterol, 

a major component of fungal plasma membranes, by inhibiting the cytochrome P-450-

dependent enzyme lanosterol demethylase azole antifungal medicines with two or 

three nitrogens in the azole ring are classified as imidazoles (e.g., ketoconazole and 

miconazole, clotrimazole) or triazoles (e.g., ketoconazole and miconazole, 

clotrimazole) in clinical use (e.g., itraconazole and fluconazole). Triazoles have a 

wide range of applications in the treatment of both superficial and systemic fungal 
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infections, whereas imidazoles are only used for superficial mycoses. Triazoles also 

have a greater affinity for fungal cytochrome P-450 enzymes than human cytochrome 

P-450 enzymes, which contributes to their improved safety profile.(110,111) 

Triazoles (itraconazole and fluconazole), imidazoles (ketoconazole), 

allylamines (terbinafine), and griseofulvin have all been proven to be effective against 

dermatophytes.(106,112) Recurrent dermatophytosis might be seen in case of treatment 

failure and the in vitro antifungal susceptibility test can assist us in overcoming the 

problem, selecting an appropriate antifungal drug, and optimizing tinea infection 

therapy. Many of scientific report evident the good result of MIC even though there is 

no standard susceptibility protocol is available for many of the antifungal 

agents.(113,114) Other reasons like poor adherence to treatment, use of steroid, medicine 

taken by oneself, and resistance to antifungal agent are the factors contributing factors 

for the current danger situation. In recent years, India has seen a number of instances 

with unique, atypical, and chronic/relapse/recalcitrant manifestations(115).  

The mechanism of antifungal resistance, in vivo correlation and invitro tests 

for susceptibility of antimycotic agents for dermatophytes, have not been well 

investigated. There is currently no breakpoint that can be used to lead us to antifungal 

treatment. Relapse is prevalent during tinea unguium treatment,(116) and it is linked to 

terbinafine resistance to some extent.(117,118) For T. rubrum isolates, terbinafine drug 

resistance and higher MIC of drug was reported by Mukherjee et al. to observe 

significant relationship.(117) In those isolates, they discovered leu393Phe and 

Phe397Leu substitution due to squalene epoxidase (SE) gene mutation.(118,119) 
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Onychomycosis instances that did not react to SE inhibitors (allylamines) have 

been recorded, even with low MICs.(116,120) Dermatophytosis is often treated with the 

triazole and imidazole groups of medicines. In dermatophytes, azole resistance has 

recently been discovered developed fluconazole resistance in T. rubrum isolates in 

19% of cases.(121,122) 
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3.0 METHODOLOGY 

Present study was conducted in Siddi residing area of North Karnataka Region 

in Uttar Kannada, Belagavi and Dharwad Districts of Karnataka, India during the year 

2015 to 2017. Samples were collected by conducting Skin camps, visiting directly 

Siddi residing area and in coordination with District health authorities. (Annexure No 

6) Patients belong to Siddi tribal community with clinically suspected superficial 

infection was enrolled in the study.  

Sample size 1000 samples was estimated using the formula N=Z2
αXpq/d2, 

since there is no data on community based on fungal infection prevalence in this part 

of Karnataka, it was assumed to be 50% (p), confidence interval of 99% and absolute 

error of 4% (d) were considered. Patient belongs to Siddi tribal community with 

superficial infection and all age group of both sex was enrolled in the study. Pregnant 

women and patients with conditions like leprosy, scabies and psoriasis was excluded.  

A total of 1004 samples from 937 patients were obtained with superficial 

infection Patients were examined for superficial infection and Samples like Skin 

scraping, Nail and Hair samples were collected depending on site of infection as per 

standard protocol. Further all samples were shipped to Microbiology department, 

Jawaharlal Nehru Medical College, Belagavi, Karnataka, India.  

Questionnaire was prepared (Annexure No 2) using question about age, sex, 

previous fungal infection, animal contact, soil contact, infected human contact, 

seasonal variation, type of house, type of family. The clinical examination was done 

by observing site of the lesion, type of lesion, multiple infections, presence of 

spreading erythematus lesion, type of onychomycosis like proximal subungual 
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onychomycosis, distal lateral subungual onycomycosis, whitish subungual 

onychomycosis, endothrix, total dystrophy of nail and hyperkeratosis in infected nail 

was observed.   

The KAHER’s institutional Human Ethics Committee gave their ethical 

clearance (Annexure No 1) (Institutional Ethical Clearance Reference Number 

KLE/Ethic/2015-16/D-51). Singed informed consent (Annexure No 2) was taken from 

patient or patient guardian after interviewing the patient.  

3.1 Specimen collection: 

Skin, nail and hair samples were collected aseptically from patient with 

superficial infection. All equipments were disinfected with 70% ethanol and dried 

before use. Samples were collected in sterile black card sheet paper with required 

patient details and kept in zip lock bag and transported to the laboratory for the further 

process.  

3.1.1 Skin sample: 

Patient skin was disinfected with 70% alcohol before collecting the sample. 

Using the blunt ended scalpel the active side of the lesion was scraped, and a 

significant volume of material was obtained. In case of insufficient sample sticky tape 

was pressed on the lesion and transferred to glass slide for transportation to the 

laboratory.(29)  

3.1.2 Nail sample: 

The infected area was cleansed with 70% alcohol, and the clippings were 

gathered with a sterile nail cutter. Discolored dystrophic or brittle nail was collected 



Methodology 

 

 Page 40 

 

from the infected area. Nail sample was collected by reaching as far as possible from 

the free edge and full thickness of the nail was included. In case of superficial whitish 

onychomycosis scraping from the white spot was collected after discarding the upper 

most layers.(123,29) 

3.1.3 Hair sample: 

Infected hair sample was selected and collected by removing those completely 

using epilation forceps. Scraping was collected with blunt scalpel blade. Specimen 

should contain hair stub, plugged follicle and skin scales.(124)  

 

Fig 3.1: Sample collection 
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3.2 Sample transportation:  

Sample was transported to the laboratory in sterile black card sheet kept in 

leak proof zip lock bag and transported at normal room temperature and stored in the 

laboratory at room temperature at 15-300 C.  

3.3 Direct Microscopy: 

All specimens were subjected to direct microscopy to see the fungal element 

in the specimen using potassium hydroxide (KOH) mount. KOH is a powerful alkali 

that is used to clean specimens so that fungus may be observed. Two to three drops of 

KOH were combined with the material on a clean grease-free glass slide, which was 

then covered with a sterile cover slip and examined under a microscope with a low 

power (10x) and a high power (40x) objective lens to check if fungal hyphae were 

present.(29)  

3.3.1 Nail Samples: 

Nail fragments are treated with 10-30% KOH and incubated at room 15-300 C 

for 30 minutes. When the nails are digested 2 to 3 drops of mixture was transferred on 

grease free clean glass slide and cover with clean glass cover slip without forming any 

air bubble. Excess KOH was removed by blotting and observed for fungal filament 

under microscope using 10x and 40x objective lens and 10x eye piece.  

Observation: Arthrospores are arising from fragmented hyphae forming the 

rectangular spores which are the characteristics feature of dermatophytic infection. 

Arthrospore formation cannot be seen in other mould infection of nail(29). 
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3.3.2 Hair sample: 

Hair samples collected and cut into 5mm above the root then treated with 20% 

KOH. Incubated at 15-300C for 20 min. 2 to 3 drops of the mixture is placed on clean 

grease free glass slide and covered with clean cover slip without forming air bubble, 

excess KOH was by blotting and observed for fungal filament under microscope using 

10x and 40x objective lens and 10x eye piece.(29) 

Observation: Arthrospores are seen and their arrangements as large arthrospores 

(Endothrix), small arthrospores (Exothrix) and favus type of infection.(29)  

3.3.3 Skin sample: 

Skin scraping is treated with 10% KOH for 20 min at 15-300C and observed 

under microscope using 10x and 40x objective lens.(29)  

Observation: branched mycelium with or without arthrospores was seen.  

3.4 Isolation of Dermatophytes: 

Samples were inoculated on two sets of tubes one containing Sabouraud’s 

Dextrose Agar (SDA) with antibiotics (Containing mycological peptone 10 G/ml 

Dextrose 40G/ml and Agar 15G/ml with Chloramphenicol and Cycloheximide). 

Sabouraud’s Dextrose Agar with antibiotic is used for selective isolation of 

pathogenic fungi from highly contaminated area like skin, hair and nail samples. 

Chloramphenicol inhibits the bacterial contamination whereas Cycloheximide inhibits 

many saprophytic contamination. Part of the sample was also inoculated on another 

tube containing plain Sabouraud’s Dextrose agar (Containing mycological peptone 10 

G/ml Dextrose 40G/ml and Agar 15G/ml).(125)(29)  
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3.4.1 Macroscopy:  

All isolates were studied macroscopic characteristic of the colony e.g. Rate of 

growth, surface texture, consistency, pigment production on both front (forward) and 

reverse of the tube and whether produced color diffuses in the media or not was also 

observed.  

3.4.2 Microscopy:  

3.4.2.1 Lacto phenol cotton blue tease mount:  

All isolates were observed microscopically for the identification. Areal 

mycelium was taken with the help of sterile inoculation loop and needle on a clean 

grease free glass slide with lacto phenol cotton blue. With the help of two sterile 

teasing needles mycelium was teased smoothly, clean coverslip placed on lacto 

phenol cotton blue stain (LPCB) excess stain was bloated and observed under 

microscope using 40x objective lens. Identification was made based on type of 

microconidia and macroconidia and hyphal arrangement.(29) 

3.4.2.2 Tape technique:  

Take 2 cm long cello tape touch sterile forceps/stick on one of the tape and 

touch lightly the colony with the sticky end of the tape. Place the tape with the surface 

containing on lacto phenol cotton blue on clean glass slide, detach the tape from the 

stick. Observe under microscope using 40x objective lens. 

Slide culture: slide culture was done when ever there was difficulty in 

identification of non sporulating moulds by tease mount. Cornmeal agar, potato 

dextrose, and other nutritionally deficient media were employed to boost sporulation. 
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A filter paper, V or U shaped glass rod, microscopic slide, and cover slip were placed 

in a 100 mm glass petridish, and the entire setup was covered in craft paper and 

autoclaved at 1210 C for minutes. Aseptically cut 1 cm square agar blocks from CMA 

or PDA were transferred to the glass slide in the setup, a small amount of colony was 

inoculated on four sides of the agar block, a cover slip was placed on the inoculated 

agar block with the help of sterile forceps, and 1 to 1.5 ml of sterile water was added 

to the pertridish without disturbing the agar block. Water keeps the agar block moist 

and prevents it from drying out. We also can add 5-20% glycerin to sterile water 

which prevents the condensation of moisture on the glass slide. Incubate the setup at 

15-300C in dark place. When mature conidia or spores are observed slide culture will 

be ready to take down and observe under microscope. A little quantity of LPCB 

(mounting medium) is put on a clean glass slide, the cover slip is gently removed 

from the agar block using sterile forceps, and the slide is swiftly passed through the 

blue section of the flame to heat fix the fungus and spores (over heating can damage 

or collapse the hyphae). Place the coverslip carefully on mounting medium without 

forming any air bubble, wipe the excess stain (mounting medium). Use nail polish to 

seal the edge. After removing the agar block from the apparatus, a second slide may 

be made from the tiny slide. Apply a drop of LPCB on the cover slip and seal it with 

nail paint. Observed using a 40x objective lens under a microscope.(29,124–126) 

Urease test: Urease test is done to differentiate the T. mentagrophytes from T. 

rubrum as T. metagrophytes produces urease enzyme and has the ability to hydrolyse 

urea and shows urease test positive where as T. rubrum shows negative result. 

Christensen’s urea agar slant is used for the urease test, isolate was inoculated in 

urease media and incubated at 15-300C color change from yellow to pink indicates the 

positive result.(29)  
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3.5 Antifungal susceptibility testing: 

3.5.1 Microdilution technique:  

This study was performed on 102 dermatophtes isolates including T. 

mentagrophtes, T. rubrum, T. tonsurance, T. terestreae and M. gypseum. All isolates 

were inoculated in distilled water and maintained at room temperature before testing 

and subcultured on PDA and incubated at 280C for two weeks Candida parapsilosis 

ATCC 22019 was used as controlled strain. Broth micro dilution for all study isolates 

was performed.  

3.5.2 Antifungal agent: 

13 different antifungal drugs obtained from manufacturer viz. sertaconazole, 

terbinafine, naftifine, miconazole, luliconazole, ciclopiroxolamine, ketoconazole, 

clotimazole, 0.00781to 4 μg/ml for voriconazole, itraconazole, amorolfine, 

fluconazole and griseofulvin were tested against study isolates, all antifungal agents 

were dissolved in distilled water except ketoconazole which was dissolved in 

dimethyl sulfoxide. Twofold serial dilution was done from stock solution to get a final 

concentration ranging from 0.0156 to 8 μg/ml for sertaconazole, 0.0156 to 8 μg/ml for 

terbinafine, 0.03125 to 16μg/ml for naftifine, , 0.03125 to 16μg/ml for miconazole, 

0.03125 to 16μg/ml for luliconazole, 0.03125 to 16μg/ml for ciclopiroxolamine, 

0.03125 to 16μg/ml for ketoconazole, 0.03125 to 16μg/ml for clotimazole, 0.00781to 

4 μg/ml for voriconazole, 0.00781to 4 μg/ml for itraconazole, 0.00781to 4 μg/ml for 

amorolfine, 0.125 to 64μg/ml for fluconazole and 0.25 to 128 μg/ml for 

griseofulvin.(127,128) 

 



Methodology 

 

 Page 46 
 

3.5.3 Preparation of Inoculum: 

Inoculum was prepared from 7 days old growth on PDA, fungal growth was 

treated with 2 to 3 ml of normal saline, and surface of the colony is scraped with 

sterile 1ml micropipette tip to get the mixture of fungal hyphae and conidia, the 

mixture was transferred to sterile tube and incubated at 280C for 20 minutes. Optical 

density of the mixture containing fungal hyphae and conidia was read at 530 nm and 

transmittance was adjusted to 65-70% (2-4×10cells mL-1).(127,128)  

Inoculum is mixed with Roswell Park Memorial Institute (RPMI) 1640 

medium to get the final concentration of approximately 4-5×104 cells mL-1. 100μl of 

Mixture is inoculated in micro titer plate containing 100 μl serially diluted antifungal 

drug of specific concentration and incubated at 280C.(128)(129) 

3.5.4 Results Reading:  

MIC: The lowest dosage of an antifungal drug that prevents the organism from 

growing which can be visually detected. The amount of the growth can be compared 

with the amount of the growth in the negative control.  

For flucytosine and azoles like fluconazole and ketoconazole slight turbid end 

point is allowed above the MIC which improved the interlaboratory agreement. When 

compared to the growth of the control (drug free) media, turbity permitted 

corresponds to develop at a rate of 50 % or more slower. 

The lowest medication concentration that stops obvious observable growth by 

100 % is interpreted as the MIC for itraconazole and novel triazoles, posaconazole, 

ravuconazole, and voriconazole.(128)(129) 
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3.6 Molecular Characterization 

3.6.1 Purification of fungal DNA: 

Purification of fungal genome was done by phenol chloroform method. 

Isolates were grown on SDA at 280C for 7 days. Mycelial mat of fungal growth was 

transferred to the sterile mortar aseptically, and liquid nitrogen was added to the 

mortar containing mycelia mat and grained quickly to make powder. 600 µl of lysis 

buffer (100 mM TrisHCl [pH8.0], 50mM EDTA, 3% SDS) added to the mixture and 

transfer to a micro-centrifuge tube. Add 1.4µl proteinase k (20mg/ml) and incubated 

at 560C for 30 minutes in water bath. Mixture was transferred to sterile microfuge 

tube and added 650 µl of phenol chloroform (1:1) and centrifuged at 12000 rpm for 

15 minutes, top aqueous phase was transferred to another microfuge tube without 

disturbing the interphase, an equal amount of chloroform isoamyl alcohol (24:1) was 

added, and the mixture is centrifuged for 5 minutes at 12000 rpm. Upper aqueous 

phase is transferred into a fresh sterile tube. 1/10th volume of sodium acetate and two 

volumes of chilled ethanol was added to allow the DNA to precipitate, gently invert 

the tube by mixing the content incubate the tubes at 2- 80 C overnight. Centrifuge the 

mixture at 12000 rpm for 1-5 minutes, discard the supernatant and the deposited pellet 

are washed with 70% ethanol. Allow the pellets to dry at 370 C till ethanol evaporates 

completely. Resuspend the pallets in 50µl of tris-EDTA buffer (TE buffer). The DNA 

is allowed to dissolve at least for 6 hours. 1µl of RNase is added and incubated at 370 

C for 30 minutes.(126)(129)  
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3.6.2 Quantification of DNA: 

Purified DNA was checked for its purity and concentration by NanoDrop 2000 

spectrophotometer.  Blank was adjusted using 1µl elution (TE) buffer before 

measuring to ensure accurate result, once the blank is adjusted 1µl sample was placed 

on the NanoDrop 2000 sensor. Concentration was measured and displayed on the 

computer screen. Purity of the extracted DNA was measured by 260/280 ratio. For 

DNA 260/280 ratio should be in the range of 1.8 – 2.0 for RNA 260/280 ratio must be 

above 2.0 Contamination by residual phenol, guanidine, or the other reagent 

employed in the purification process is indicated by an abnormal 260/280 ratio. The 

260/280 ratio may change if the nucleic acid content is very low.(129) 

3.6.3 Polymerase chain reaction:  

The universal primers ITS 1 and ITS 4 were used in a uniplex polymerase 

chain reaction (PCR). Each dNTP is at a concentration of 200 μM, each primer is at a 

concentration of 25 pmol, Taq polymerase is at a concentration of 1 U μ1, Taq buffer 

is at a concentration of 5 μl, and template DNA is at a concentration of 10 μl. To 

make the final volume of 50 l, nuclease-free water was added, and the PCR was 

performed using an Eppendorf thermal cycler. PCR amplification was carried out with 

initial denaturation at 940C followed by 35 cycles of annealing at 560C for 30 seconds 

and extension at 720C for 1 minute. Final extension was done at 720C for 10 

minutes.(129)  

3.6.4 Gel electrophoresis 

Gel electrophoresis was done to see the presence of PCR products and to 

verify the length of the DNA molecule, DNA molecule the gel was separated 

depending upon the size of the molecule.  The amplified products were seen on 
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agarose gel of 1.5% stained with ethedium bromide. Agarose gel was prepared by 

mixing in 1x Tris-Acetate EDTA buffer (TAE) buffer (40 mMTris base, 40 mM 

acetic acid, 1mM EDTA) and stained with ethedium bromide (final concentration is 

0.5 μg/μL). The PCR products and the molecular size marker (6-7 μL) was stained 

with methylene blue (loading dye) and loaded into the agarose gel ran at 100 volts for 

45-60 minutes until the line covers approximately 70 – 80 % of the way down the gel. 

Gel is visualized by Alpha-lmager® HP (Multi image light cabinet), Alpha innotech 

and the picture was taken with the help of Alpha-Imager software.(129) 

3.6.5 DNA Sequencing: 

ITS 1 and ITS 4 primers were used to perform sequencing PCR for both 

strands. BigDye Terminator Cycle sequencer kit version 3.1 and ABI 3130 genomic 

analyzer used to perform purification and analysis (Applied Biosystems). 

Sample was resuspended in 10µl HiDi (Formamide provided by AB). The 

pallets were mixed properly and subjected to shot spin and incubated at 370 C for 15 

minutes. Again pellets were mixed proper by tapping with short spin. Reaction 

mixture was treated at 950 C for 15 minutes and rapidly chilled in ice for 10 minutes. 

Load the sample into 96 wells plate as per the well description in the worksheet.(129)  

ITS sequence were analyzed using NCBI BLAST tool (https://blast.ncbi.nlm.nih.gov), 

Westerdijk Fungal Biodiversity Institute CBS database 

(http://www.westerdijkinstitute.nl/ Collections/ BioloMICSSequences.aspx) and the 

International Society for Human and Animal Mycology (ISHAM) ITS database 

(http://its.mycologylab.org/BioloMICSSequences.aspx). 
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3.6.6 Phylogenetic analysis: 

The Clulstal X2 programme was used to align the sequences utilizing the 

multiple sequence alignment method. Version 7 of the Molecular Evolutionary 

Genetics Analysis programme (MEGA-7) was used to export the sequence alignments 

(MEGA-7). The Kimura 2 parameter model with neighbor joining was used to create 

a phylogenetic tree with 1000 bootstrapping iterations.(129)(130) Factorial analysis was 

carried out using distance matrix generated by DARwin software 6.0.12.(131) 
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4.0 RESULTS 

4.1 Basic Clinical data: 

We have tested 937 Siddi patients for superficial fungal infection, generating 

1004 samples in total. During the years 2015 to 2017, sample collection was carried 

out from the Siddi population by holding health camps, physically visiting the Siddi 

dwelling region, and working with the Uttar Kannada district health officials. Skin 

scrapping (n=382), hair (n=244) and nail (n=378) samples were taken from suspected 

patients belongs to Siddi ethnic group. 478 were male and 526 were female, majority 

of the patients were female (52.4%) compared to male (47.6%) with median age of 31 

years with the interquartile range of 13 to 50 years. 
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Table 4.1: Age and sex wise distribution 

 Age Group Total 

<15 Years 16-45 Years 46-60 Years >60 Years 

Male 138 167 81 57 443 

Female 144 219 70 61 494 

Total 282 386 151 118 937 

Fig 4.1: Age and sex wise distribution 

 

4.2 Occupation wise distribution:  

Among 937 Siddi patients suspected for superficial fungal infection most of 

the patients were uneducated (73.7%) the infection commonly seen in farmers 

(47.1%) followed by students (20%), and daily wage labors (14.6%). 
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Table 4.2: showing Occupation wise distribution. 

Sl. No Occupation Frequency Percentage (%) 

1 <5 years 26 2.8 

2 Farmer 441 47.1 

3 Daily wage labor 137 14.6 

4 Government Employee 78 8.3 

5 Private Employee 56 6.0 

6 House Wife 12 1.3 

7 Student 187 20.0 

Total 937 100.0 

Fig 4.2: showing Occupation wise distribution. 

 

4.3 Distribution of Clinical Manifestation:  

Tenia unguium (35.6%) was the commonly encountered clinical type followed 

by tiniea capitis seen in 29.7%, tinea corporis in 22.2%, tinea cruris in 8.5%, tinea 

faceae in 1.8%, tinea pedis in 1.6% and tinea manum in 0.7%. 
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Fig 4.3: Distribution of clinical condition 

 

Tinea unguam was commonly seen in more than 15 years of age followed by 

tenia corporis whereas in below 15 years of age tinea capitus commonly seen 

infection followed by tenia unguium and tenia corpories.  

Fig 4.4: Age and clinical condition wise distribution of dermatophytes. 
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4.4 Basic Laboratory Identification:  

Out of 1004 sample collected from 937 patients 102 (10.15%) sample have 

shown culture positive and 193 samples were positive by direct microscopy, The 

majority of the patients (n=48, 53.33 %) were female, 28.5 years was the median age 

[IQR 15-40 years]. Agriculturists accounted for the majority (n=39, 43.33 %), with 

students (n=21, 23.33 %), field workers (n=17, 18.88 %), office employees (n=11, 

12.22 %), and others (n=2, 2.22 %) following closely behind.          

The majority of the patients (n=75, or 83.33 %) had a single site lesion. 

Patients with multiple site involvement accounted for 15 (16.66%) of the total. Tinea 

unguium (n=24, 32%) was the most frequent isolated lesion, followed by tinea 

corporis (n=23, 30.66%), tinea capitis (n=23, 30.66%), tinea cruris (n=4, 5.3%), and 

tinea pedis (n=1, 1.33%). 

The tinea corporis and tinea cruris combination (n=6, 40%) was the most 

prevalent among patients with multiple site involvement, followed by tinea unguium 

and tinea corporis (n=5 33%). 

Fig 4.5: Distribution of clinical features in culture positive isolates. 

 

25.50%

1.00%

32.40%

12.70%

28.40%

Tinea capitis Tinea pedis Tinea unguium Tinea cruris Tinea corporis



Results 

 Page 56 

Fig 4.6: Clinical case of dermatophytosis 

 

Spreading and erythematous lesions were observed in 45 (50.0%) and 27 

(30.0%) of the patients, respectively. Only 28 (31.11 %) of the patients had pigmented 

lesions.  
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Fig 4.7: Distribution of clinical features in tinea corporis cases. 

 

In 15 (16.66%) of the patients, the infection recurred or relapsed. Only four 

patients (4%) were able to provide precise corticosteroids dosages while using a 

combination of antibacterial and antifungal medications (Candid B, Itch-guard and 

Betnovate). Previous contact with an infected human, animal, or soil was reported in 6 

(6.66%), 43 (47.7%), and 56 (62.2%) of the cases, respectively.  

Fig 4.8: History of infection source contact. 
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Lesions lasting 1-2 months were found in 25 (27.77 %) of patients, whereas 

infection lasted from 2 to 6 months in 23 (25.55 %) of patients, and infection lasted 

from 6 to 12 months in 25 (27.77 %) of patients. However, 17 individuals (18.88%) 

admit to having had an infection in the previous 5 years. Only 5 (5.55 %) of the 

patients had diabetes mellitus. 

Fig 4.9: History of duration of infection 

 

In Onychochomycosis Proximal subungaual onychomycosis was commonly 

seen clinical condition in 66.66% cases followed by Distal lateral subungual 

onychomycosis was seen in 12.12%, Total dystrophy of nail in 18.18% and Whitish 

superficial onychomycosis in 3%. 
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Fig 4.10: Clinical features distribution in tinea unguium cases. 

 

T. mentagrophytes complex (67.64 %) was the common causative agent, 

followed by T. rubrum (25.49 %), T. tonsurans (2.94 %), M. gypseum (2.94 %) and T. 

terrestre (1, 0.98 %), were the most common agents. T. mentagrophytes was 

commonly seen in tinea corporis and tinea captis (30.4%), followed by tinea unguium 

(26.1%) and tinea cruris, T. rubrum was commonly seen tinea unguium (46.2%) 

followed by tinea corporis and tinea cruris (19.2%) and tinea capitus (15.4%). M. 

gypseum was seen in tinea corporis, tinea capitus and tinea unguium, T. tonsurans was 

seen in tinea corporis and tinea unguium, T. terrestre was seen in tinea unguium.  
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Table 4.3: Distribution of etiological agent in the study. 

Fungus Isolated Frequency % 

T. mentagrophytes 69 67.6 

T. rubrum 26 25.5 

M. gypseum 3 2.9 

T. tonsurance 3 2.9 

T. terrestre 1 1.0 

Total 102 100.0 

 

Fig 4.11: Distribution of etiological agent in the study. 
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Table 4.4: Distribution of dermatophytes in different clinical condition 

 Tinea 

capitus 

Tinea 

pedis 

Tinea 

unguium 

Tinea 

cruris 

Tinea 

corporis 

T. mentagrophytes 21 1 18 8 21 

T. rubrum 4 0 12 5 5 

M.  gypseum 1 0 1 0 1 

T.  tonsurans 0 0 1 0 2 

T.  terrestre 0 0 1 0 0 

Total 26 1 33 13 29 

 

 

 

Fig 4.12: Growth of T. rubrum Sabouraud Dextrose Agar 
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Fig 4.13: Growth of T. mentagrophytes on Sabouraud Dextrose Agar 

 

Fig 4.14: Hyphae bearing Microconidia of T. rubrum 

 

Fig 4.15: Microconidia of T. mentagrophytes 
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The tinea corporis and tinea cruris combination (n=6, 40%) was the most 

prevalent among patients with multiple site involvement, followed by tinea unguium 

and tinea corporis (n=5 33%). Spreading and erythematous lesions were observed in 

45 (50.0%) and 27 (30.0%) of the patients, respectively. Only 28 (31.11 %) of the 

patients had pigmented lesions. In 15 (16.66%) of the patients, the infection recurred 

or relapsed. Only four patients (4%) were able to provide precise corticosteroids 

dosages while using a combination of antibacterial and antifungal medications 

(Candid B, Itch-guard and Betnovate). Previous contact with an infected human, 

animal, or soil was reported in 6 (6.66%), 43 (47.7%), and 56 (62.2%) of the cases, 

respectively. Lesions lasting 1-2 months were found in 25 (27.77 %) of patients, 

whereas infection lasted from 2 to 6 months in 23 (25.55 %) of patients, and infection 

lasted from 6 to 12 months in 25 (27.77 %) of patients. However, 17 individuals 

(18.88%) admit to having had an infection in the previous 5 years. Only 5 (5.55 %) of 

the patients had diabetes mellitus. 

Fig 4.16: Distribution of dermatophytes in different clinical condition 
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Candida species was the commonly seen non dermatophytic fungi in 57.1 % 

of cases followed by Aspergillus species 21.4%, Fusarium species 17.9% and 

Cladosporium halotolarence 3.6%.  Candida species (87.7%), Aspergillus species 

(100%) and Fusarium species (83.3%) was commonly seen in Tinea unguium, 

whearas Cladosporium halotolerence which is considered as indoor fungus was seen 

in tinea capitus in twins on repeated sample collection.   

 

 

Table 4.5: Distribution of Non Dermatophytic fungi in the study population 

 Tinea capitus Tinea unguium Tinea corporis 

Candida species 1 28 3 

Fusarium species 0 10 0 

Aspergillus species 0 10 2 

Cladosporium halotolarance 2 0 0 

Total 3 48 5 
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Fig 4.17:  Distribution of Non Dermatophytic fungi in the Study population 

 

 

Fig 4.18: Table Distribution of Non Dermatophytic fungi in the Study population 
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4.5 Molecular characterization of suspected rare fungi:   

4.5.1 Trichophyton rubrum: 

Two dermaphytes isolates from the have shown microscopic and macroscopic 

appearance of African origin fungi. One isolate was obtained from a 9 years old child 

with tenia capitis since from one month and with no erythema. He also had a history 

of dirt and animal exposure. The fungus produced a slow-growing, flat, white colony 

with a suede-like texture, which eventually became yellow-orange in colour. Conidia 

were not visible under the microscope.  

Another isolate was slowly growing, with colonies waxy glabrous white 

without conidia after 9 days which was isolated from a 14 year old girl since one 

month suffering from onychomycosis who had a history of contact with animal and 

soil. 

Both the isolates were amplified using the pan fungal primer ITS 1 and ITS 4 

amplification was seen in length 690bp (Fig:4.20) for both suspected rare 

dermatophytes. Both the isolates were sequenced at ITS region and identified as T. 

rubrum using molecular tool like NCBI BLAST. The sequenced data was submitted 

in the NCBI Genebank with accession number MT280227 and MT280226. 

Phylogentic analysis of study isolates was carried out with standard isolates retrieved 

acquired from the NCBI database [T. CBS 374.92 (NR 144901), T. violaceum T. 

soudanense IHEM 19751 (NR 155948) T. soudanense IHEM 19751 (NR 155948) T. 

soudanense IHE T. rubrum CBS 392.58 (MH857821) and T. rubrum CBS 392.58 

(MH857821) T. mentagrophytes was taken as out group (KY761968). T. rubrum 

standard strain was found to be grouped with both study isolates (Fig: 4.21). Factorial 

analysis both the suspected rare isolates was done using the DARwin software 6.0.12 

which clearly showed grouping of isolates with T. rubrum (Fig: 4.22).  



Results 

 Page 67 

Fig 4.19: Growth of suspected rare dermatophytes on Sabouraud Dextrose Agar 

 

 

 

Fig 4.20: Agarose gel electrophoresis of suspected rare dermatophytes Lane 1 & 

2: Suspected rare dermatophytes and 3: T. rubrum 
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Fig 4.21: Phylogenetic analysis of suspected rare dermatophytes. 
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Fig 4.22: Factorial analysis of ITS sequence of suspected rare dermatophytes 
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4.5.2 Cladosporium species 

Non Dermatophytic mould Cladosporium species was identified in 7 years old 

twin patients with tinea capitis infection lesion since one year. Greenish colony was in 

with velvety surface. Conidia were ovoidal and terminal with unbranched cylindrical 

conidiophores. PCR and Sequencing was performed using ITS1 and ITS4 pan fungal 

primers and identified as Cladosporium halotolerans and submitted to NCBI Gene 

bank (accession number MT588811 and MT588810). Phylogentic analysis was 

carried out using the Cladosporium reference stains [Cladosporium halotolerans 

(LN834374, LN834375 and DQ780364), Cl. angustisporum (LN834356), Cl. 

asperulatum (LN834357), Cl. allicinum (LN834353), Cl. cladosporioides 

(LN834358), Cl. flabelliforme (LN834361), Cl. funiculosum (LN834364), Cl. 

herbarum (LN834378), Cl. subinflatum (LN834391), Cl. tenuissimum (LN834398)] 

study isolates were clustered with the Cl. halotolerans Reference strain (Fig: 4.26).  

Fig 4.23: 7 years old twins with Tinea capitis infection 
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Fig 4.24: Growth of Cladosporium species on Sabouraud Dextrose Agar 

 

Fig 4.25: Agarose gel electrophoresis showing the application of Cladosporium 

spp Lane 1&2: Cladosporium halotolerence 
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Fig 4.26: Molecular Characterization of Cladosporium Species. 

 

4.6 Molecular Typing of Trichophyton mentagrophytes 

Molecular typing of phenotypically identified 51 representative T. 

mentagrophytes isolates (Ref Table: 4.13) were carried out by sequencing the Internal 

transcribed spacer (ITS) region. Phylogenetic analysis of study isolates along with 

different ‘ITS Types’ of T. mentagrophytes [Type I (KC595991), Type II (KP308375 

and AJ270790), Type III (KJ606099), Type IV (AF170452), Type V (KJ606098 and 

KT253558), Type VI (MK722518), Type VII (KT253558), Type VIII (KY761968) 

and Type IX (MK447613)] was done further phylogenetic analysis have shown all the 
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study isolates have clustered with the T. mentagrophytes type VIII (Fig: 4.28).  To 

confirm the genetic relatedness seen in the genetic dendogram the factorial analysis 

was carried out, which is a different approach to analyze the species relatedness which 

clearly grouped the study isolates with T. mentagrophytes type VIII and separated all 

other genotypes (Fig: 4.29). 

 

Fig 4.27: Agarose gel electrophoresis of T. mentagrophytes Lane 1-9: “T. 

mentagrophytes type VIII” 
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Fig 4.28: Neighbor–joining (NJ) derived dendrogram of internal transcribe 

spacer (ITS) gene based sequences. All T. mentagrophytes isolates have clustered 

with T. mentagrophytes ITS genotype VIII 
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Fig 4.29: Factorial analysis of ITS sequence of 51 T. mentagrophytes study 

isolates with T. mentagrophytes genotype I to IX 

 

4.7 Antifungal susceptibility testing (AFST): 

AFST of 102 isolates was performed against 13 antifungal agents (terbinafine, 

sertaconazole, itraconazole, amorolfine, voriconazole, clotrimazole, ketoconazole, 

naftifine, ciclopiroxolamine, miconazole, griseofulvin, fluconazole and luliconazole). 

Azole like Voriconazole and itrconazole have shown the potent activity against 

dermatophytes whereas in allylamine group terbinafine was more potent than 

naftifine. Floconazole, terbinafine and nafifine have shown the higher MIC90 value, 
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whereas amorolfine, voriconazole, itraconazole, luliconazole, ketoconazole and 

clotrimazole have shown the low MIC90 values. The MIC90 of griseofulvine and 

ciclopiroxolamine were 2 mg/liter while MIC90 of miconazole and sertaconazole were 

0.5mg/liter.  

Table 4.6: MIC of 13 antifungal drugs against Dermatophyte isolates 

Antifungal agent Number of isolates Range MIC 50 MIC90 GM 

Sertaconazol 102 0.0156-8 0.03125 0.5 0.046948 

Naftifin 102 0.03125-16 0.0625 8 0.260404 

Terbinafine 102 0.0156-8 0.0156 8 0.066281 

Miconazole 102 0.03125-16 0.0625 0.5 0.090209 

Luliconazole 102 0.03125-16 0.0625 0.125 0.056386 

Ciclopiroxolamine 102 0.03125-16 1 2 0.553655 

Voriconazole 102 0.00781-4 0.00781 0.03125 0.01223 

Itraconazole 102 0.00781-4 0.03125 0.0625 0.026537 

Amorolfine 102 0.00781-4 0.00781 0.03125 0.012737 

Ketoconazole 102 0.00781-4 0.03125 0.25 0.048932 

Clotrimazole 102 0.03125-16 0.0625 0.25 0.091443 

Fluconazole 102 0.125-64 0.5 16 1.092362 

Griseofulvin 102 0.25-128 0.25 2 0.358391 
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Table 4.7: MIC of 13 antifungal drugs against Dermatophyte isolates. 

Antifungal agent 

  No. of isolates with MIC (mg/liter) of 

N
o.

 o
f i

so
la

te
s 

0.
00

78
 

0.
01

5 

0.
03

 

0.
06

25
 

0.
12

5 

0.
25

 

0.
5 1 2 4 8 16
 

32
 

64
 

Sertaconazol 102 0 46 17 11 10 2 11 5 0 0 0 0 0 0 

Naftifin 102 0 0 44 11 3 5 3 3 6 9 8 10 0 0 

Terbinafine 102 0 52 8 3 3 2 9 3 7 3 3 9 0 0 

Miconazole 102 0 0 47 5 15 21 13 0 1 0 0 0 0 0 

Luliconazole 102 0 0 32 58 5 6 0 0 0 0 0 0 1 0 

Ciclopiroxolamine 102 0 0 19 1 0 0 25 20 37 0 0 0 0 0 

Viriconazole 102 68 8 23 2 0 0 1 0 0 0 0 0 0 0 

Itraconazole 102 28 20 19 25 4 5 1 0 0 0 0 0 0 0 

Amorolfine 102 56 20 26 0 0 0 0 0 0 0 0 0 0 0 

Ketoconazole 102 29 0 25 7 10 29 1 0 1 0 0 0 0 0 

Clotrimazole 102 0 0 41 11 13 29 7 0 1 0 0 0 0 0 

Fluconazole 102 0 0 0 0 30 8 17 5 2 3 22 14 0 1 

Griseofulvin 102 0 0 0 0 0 81 0 10 11 0 0 0 0 0 
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Azoles like voriconazole have shown high potency against all the isolates [T. 

mentagrophytes (GM. 0.03mg/liter), T. rubrum (GM 0.010), M. gypseum (GM 

0.007mg/liter)], T. tonsurans (GM 0.007mg/liter) Single isolate T. terrestre has 

shown the lower MIC against voriconazole and amorolfine (0.0156mg/liter). 

Allylamine group showed high MIC90 against T. mentagrophytes [terbinafine 

(0.11mg/liter and naftifine (0.49mg/liter)], and showed low MIC90 against T.rubrum 

[terbinafine (0.021mg/liter and naftifine (0.069mg/liter)], M. gypseum [terbinafine 

(0.0156mg/liter and naftifine (0.039 mg/liter)] and T. tonsurans [terbinafine 

(0.031mg/liter and naftifine (0.049mg/liter)]. Fluconazole shown the higher MIC90 in 

T. mentagrophytes (16mg/liter), T. rubrum(8mg/liter) and M. gypseum (8mg/liter) 

where as ciclopiroxolamine shown higher MIC90 in T. tonsurans (1mg/liter).  
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Table 4.8: MIC of T. mentagrophytes isolates (n=69) against 13 antifungal drugs 

Antifungal gent MIC 50 MIC90 GM 

Sertaconazol 0.03125 0.5 0.063096 

Naftifin 0.25 16 0.490055 

Terbinafine 0.125 >8 0.117899 

Miconazole 0.125 0.5 0.116512 

Luliconazole 0.0625 0.125 0.057021 

Ciclopiroxolamine 1 2 0.669098 

Voriconazole 0.00781 0.03125 0.013301 

Itraconazole 0.03125 0.125 0.031554 

Amorolfine 0.0156 0.03125 0.014411 

Ketoconazole 0.0625 0.25 0.055397 

Clotrimazole 0.125 0.25 0.101226 

Fluconazole 2 16 1.619616 

Griseofulvin 0.25 2 0.369903 
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Table 4.9: MIC of T. rubrum isolates against 13 (n=26) antifungal drugs 

Antifungal gent MIC 50 MIC90 GM 

Sertaconazol 0.0156 0.125 0.024555 

Naftifin 0.03125 0.5 0.069533 

Terbinafine 0.0156 0.03125 0.021488 

Miconazole 0.03125 0.25 0.0547 

Luliconazole 0.0625 0.0625 0.05186 

Ciclopiroxolamine 0.5 2 0.42609 

Voriconazole 0.00781 0.03125 0.010754 

Itraconazole 0.0156 0.0625 0.017375 

Amorolfine 0.00781 0.0156 0.009927 

Ketoconazole 0.03125 0.25 0.031247 

Clotrimazole 0.03125 0.25 0.064189 

Fluconazole 0.25 8 0.437602 

Griseofulvin 0.25 1 0.335196 

 

 

 

 

 



Results 

 Page 81 

Table 4.10: MIC of M. gypseum isolates (n=3) against 13 antifungal drugs 

Antifungal gent MIC 50 MIC90 GM 

Sertaconazol 0.03125 0.03125 0.02479 

Naftifin 0.03125 0.03125 0.039373 

Terbinafine 0.0156 0.0156 0.0156 

Miconazole 0.03125 0.03125 0.03125 

Luliconazole 0.03125 0.0625 0.049606 

Ciclopiroxolamine 0.5 1 0.25 

Voriconazole 0.00781 0.00781 0.00781 

Itraconazole 0.03125 0.03125 0.02479 

Amorolfine 0.00781 0.0156 0.009836 

Ketoconazole 0.03125 0.25 0.039368 

Clotrimazole 0.0625 0.125 0.0625 

Fluconazole 0.5 8 1 

Griseofulvin 0.25 0.25 0.25 
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Table 4.11: MIC of T. tonsurans isolates (n=3) against 13 antifungal drugs 

Antifungal gent MIC 50 MIC90 GM 

Sertaconazol 0.0156 0.03125 0.019665 

Naftifin 0.0625 0.0625 0.049606 

Terbinafine 0.03125 0.0625 0.031233 

Miconazole 0.03125 0.125 0.049606 

Luliconazole 0.0625 0.0625 0.0625 

Ciclopiroxolamine 0.03125 1 0.099213 

Voriconazole 0.00781 0.00781 0.00781 

Itraconazole 0.0156 0.03125 0.015615 

Amorolfine 0.00781 0.00781 0.00781 

Ketoconazole 0.25 0.25 0.125 

Clotrimazole 0.25 0.25 0.25 

Fluconazole 0.5 0.5 0.39685 

Griseofulvin 0.25 0.25 0.25 
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Table 4.12: Antifungal Susceptibility of T. terrestre isolate (n=1) against 13 

antifungal drugs. 

Antifunala Agent MIC 

Sertaconazol 0.125 

Naftifin 1 

Terbinafine 0.25 

Miconazole 0.125 

Luliconazole 0.25 

Ciclopiroxolamine 2 

Voriconazole 0.0156 

Itraconazole 0.0625 

Amorolfine 0.0156 

Ketoconazole 0.125 

Clotrimazole 0.125 

Fluconazole 1 

Griseofulvin 2 

Out of 102 isolates 25 isolates have shown the higher MIC for terbinafine drug 

(>1mg/ltr). Three isolates have shown the MIC of 1mg/ltr, 7 isolates have shown MIC 

of 2mg/ltr, 3 isolates have shown MIC of 4mg/ltr, 3 isolates have shown the MIC of 

8mg/ltr and 9 isolates have shown the MIC of >8mg/ltr.  All 25 isolates shown 

resistance to terbinafine were T. mentagrophytes complex. Most of the isolates which 

shown higher MIC for terbinafine have also shown higher MIC for naftifine. Out of 

25 isolates with higher tebinafine MICs 24 isolates have shown higher MIC for 

naftifine.  
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The squalene epoxidase gene DNA sequences of dermatophyte with higher 

MIC was compared with the reference T. mentagrophytes isolates sequence retrieved 

from NCBI genebank with terbinafine resistance and known mutation in the squalene 

epoxidase gene (SE) with C1191A (MH618771 and MH618768)  and T1189C 

(KX906451 and KX906452) transvesion. T.mentagrophytes (KX906458 and 

KX906459) susceptible to terbinafine without any mutations in the SE gene used as 

control. Among 25 isolates with higher MIC for terbinafine 4 isolates have shown 

F397L mutation.  

Fig 4.30: Mutation in SE gene of terbinafine resistant T. mentagrophytes 
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Table 4.13: NCBI Genebank accession number of study isolates 

SI No Organism Name NCBI Gen Bank 
Accession No 

1.  T. mentagrophytes OK354208 

2.  T. mentagrophytes OK354207 

3.  T. mentagrophytes MN83098 

4.  T. mentagrophytes OK354210 

5.  T. mentagrophytes OK354209 

6.  T. mentagrophytes MN 30978 

7.  T. mentagrophytes OK354203 

8.  T. mentagrophytes MN830984 

9.  T. mentagrophytes MN830992 

10.  T. mentagrophytes OK354204 

11.  T. mentagrophytes MN830981 

12.  T. mentagrophytes OK354202 

13.  T.mentagrophytes MN830998 

14.  T. mentagrophytes MN830995 

15.  T. mentagrophytes MN830973 

16.  T. mentagrophytes MN830 985 

17.  T. mentagrophytes MN830972 

18.  T.mentagrophytes MN830991 

19.  T. mentagrophytes OK354205 

20.  T. mentagrophytes MN830960 

21.  T. mentagrophytes MN830983 
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22.  T. mentagrophytes MN830975 

23.  T. mentagrophytes OK354206 

24.  T. mentagrophytes MN830986 

25.  T. mentagrophytes MN830982 

26.  T. mentagrophytes MN830988 

27.  T. mentagrophytes MN830963 

28.  T. mentagrophytes MN830987 

29.  T. mentagrophytes MN831002 

30.  T. mentagrophytes MN831 001 

31.  T. mentagrophytes MN630966 

32.  T.mentagrophytes MN830990 

33.  T.mentagrophytes MN831000 

34.  T. mentagrophytes MN830989 

35.  T.mentagrophytes MNB30999 

36.  T.mentagrophytes MN830965 

37.  T. mentagrophytes MN 830969 

38.  T.mentagrophytes MN830966 

39.  T.mentagrophytes MN830974 

40.  T. mentagrophytes MN830967 

41.  T. mentagrophytes MN830994 

42.  T. mentagrophytes MN830964 

43.  T. mentagrophytes MN830979 

44.  T. mentagrophytes MN8 30993 

45.  T. mentagrophytes MN830976 
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46.  T. mentagrophytes MN830971 

47.  T. mentagrophytes MN830961 

48.  T. mentagrophytes MN830962 

49.  T. mentagrophytes MN830996 

50.  T. mentagrophytes MN830997 

51.  T. mentagrophytes MN830977 

52.  Cladosporium halotolerans MT588811 

53.  Cladosporium halotolerans MT588810 

54.  T. rubrum MT280227 

55.  T. rubrum MT280226 

56.  
T. mentagrophytes squalene epoxidase gene 

Submission ID 
2506064 

57.  T. mentagrophytes squalene epoxidase gene Submission ID 
2506064 

58.  T. mentagrophytes squalene epoxidase gene Submission ID 
2506064 

59.  T. mentagrophytes squalene epoxidase gene Submission ID 
2506064 
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5.0 DISCUSSION 

Dermatophytes are fungi that cause slow-moving infectious diseases in people. 

This fungus is only found in a certain geographical region.(81,38) Dermatophytosis is 

more common in persons with a low socioeconomic position and poor personal 

cleanliness, according to several epidemiological researchers.(132) Dermatophyte 

distribution varies by area, and is impacted by variables such as climate fluctuation 

and population socioeconomic level.(133) It occurs more frequently in tropical and 

subtropical areas, where dermatophytes thrive due to favorable environmental 

circumstances. The dermatophytosis causative agent spectrum has shifted 

dramatically during the last 100 years throughout the world.(35) 

Dermatophytic infection rates are growing by the day, according to a new 

study, as it has become one of the most prevalent infectious illnesses with a global 

distribution. Because there are numerous illnesses with similar clinical signs, it is hard 

to diagnose ring worm infection only on the basis of clinical manifestations. 

Dermatophytosis mimics the clinical characteristics of atopic dermatitis, seborrhoeic 

dermatitis, contact dermatitis, psoriasis, candida intertrigo, erythema and eczema,(134) 

it is diagnosis of tenia infection would be difficult in immune compromised patientss. 

Because of the dermatophyte’s infectious nature, it's important to get a diagnosis as 

soon as possible.(135) 

This study was conducted to evaluate the clinicomycological pattern if 

dermatophytosis in Siddi tribal community who are residing in Uttar Kannada, 

Dharwad and Belagavi district of north Karnataka region. Total of 1004 cases of 
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superficial fungal infection were included to assess the clinical pattern of 

dermatophytosis and see the presence of rare or exotic fungi in the tribal community.  

5.1 Sex wise distribution  

Females (52.4%) were commonly affected compared to male (47.6%) more 

prevalence of dermatohytosis in female may be due to reduction in personal 

inhibitions, a reversal of societal limitations, and a greater awareness of their own 

well-being. In contradictory to the studies done in the other parts of native Indians 

where male have the highest prevalence compared to female patients. A study from 

south India shown female were more affected with male and female ratio of and 2.7:1  

and 1.6:1 and in north India study conducted have shown the male and female ratio of 

and 4:1.(136,74) Whereas study conducted by Kaaman and Torssander (1983) have 

shown 38% of dermatophytosis in male patients.(137) Similar identification was found 

by other investigators also, In Baroda, Singh and Beena (2003) found 39.4 % of male 

patients with dermatophytosis.(138) Sandy (2008) reported similar results, with 210 

positive diagnoses by direct inspection and 180 positive diagnoses by culture out of 

590 samples examined. Increased incidence of dermatophytosis in female might due 

to most of the females are involved in agricultural activity, daily wage work in the 

village, poor hygiene and frequent sharing of cloths towel and other households.(139) 

5.2 Age wise distribution: 

Patients between the ages of 15 and 45 were the most often afflicted. Because 

this group of patients is socially engaged, the chances of them coming into touch with 

infected persons are significant. They may also get the disease while working in jobs 

like farming or physical labor.(11) These young people frequently migrate in and out of 
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their communities in search of jobs in other parts of the state. As a result, the risk of 

dermatophyte transmission throughout the population is increased. According to Vyas 

et al., 2013, 75 % (45/60) of dermatophytic infections occurred in children aged 5 to 

10, with 50 % (30/60) of the dermatophytes identified from tinea capitis clinical 

type.(140) In North India, Malik et al., 2014 and Bhagra et al., 2014 found that 

dermatophytic infections were prevalent in the 35.1% in 11 to 20 years and28 % in 21 

to 30 years age groups, respectively.(141,142) According to Mahale et al., 2014 from 

South India, Infection with dermatophytes was identified in 23.1% of children aged 1 

to 10 years and 23.1% of children aged 41 to 50 years.(143) According to Gupta et. al. 

2014, dermatophytes were often infected in those above the age of 60 (32 %).(144) 

5.3 Occupation wise distribution and socio-economic category:  

The Siddi community is a low-income population that mostly relies on 

agricultural and daily wage employment. They participate in income-generating 

activities such as fuel wood collecting or daily wage employment for local landlords. 

Around 72% of the patients were illiterate, whereas 24 % were students or had 

finished their elementary school. According to a recent poll, 40% of the Siddi 

population eats only two meals per day and is at risk of malnutrition.(145) As people 

live in overcrowded tiny hamlets with inadequate sanitation and regularly share 

clothing, towels, and other household goods, the risk of dermatophyte transmission 

can't be ruled out. Among Siddi tribals, farmers (47.1%) had contracted the greatest 

number of infections followed by students (20%), daily wage labors(14.6%), children 

less than 5 years of age(2.8%), house wife(1.3%) and others (14.3%). Increased 

incidence of dermatophytosis was observed in farmers in this tribal community as 

most of the population in the community dependent on the agriculture and also 
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inhabitants with domestic animal like buffalo, cow, dog and goat. This might result in 

the transfer of geophilic and zoophilic dermatophyte species to humans as in this 

study overall majority organism isolated was T. mentagrophytes which is a zoophilic 

organism. Agriculture was the most common occupation among the patients, 

according to Hay and Moore (2004).(146) 

Increased incidence of dermatophytic infection in students might be due to 

Certain factors, such as low parental education, are likely to reduce or eliminate the 

high prevalence of dermatophytes in the student population because it was their 

responsibility to teach their children the principles of hygienic and healthy living and 

most of the siddi tribals live in the interior forest region of the western Ghats and most 

of the students reach school by walking bare foot. According to Romani and 

Chepchirchir et al. (2009) majority of the school children affected by dermatophytosis 

under the age of 12 years indicating that ringworm infection is primarily a prepubertal 

illness, this might be due to poor hygiene and lack of saturated fatty acids, which act 

as a natural anti-dermatophytic mechanism.(147,148) Aside from this innate propensity, 

the level of exposure to etiological substances is also crucial. 

5.4 Clinical Pattern of Dermatophytosis: 

Tinea unguium was the common clinical presentation which is similar to the 

study conducted by Gosh et.al where they discovered that most prevalent clinical type 

was tinea unguim in 74.58 % of cases but the most common clinical type was tinea 

corporis in other regions of India, contrary to the current study. According to Jain et 

al., 2014, the most frequent clinical form seen was tinea corporis 35.2 %, followed by 

in 22.4 % of tinea cruris, 11.2 % of tinea capitis, 7.1 % of tinea mannum,6.6 % of 

tinea pedis, and % of tinea unguium.(149) Whereas tinea corpories is the commonly 
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Seen clinical condition in India in native Indians.Whereas in America and Africa, the 

prevalence was 0.07 % and 0.6 %. 

We found tinea capitis is the common clinical type after the tinea unguium 

seen in 29.7%, followed by tinea corporis in 22.2%, tinea cruris in 8.5%, tinea facea 

in 1.8%, tinea pedis in 1.6% and tinea mannum in 0.7%.   The present study show 

tinea unguium, tinea capitis and tinea corporis is the frequent clinical type of clinical 

presentation observed in the Siddi tribal community. Increased incidence of tinea 

capitis was observed in the tribal community whereas tinea capitus was not commonly 

seen in other part of India however Vyas et al., 2013 found that tinea capitus as the 

predominant clinical type in his study conducted Jaipur India.(140) Tinea capitis is the 

commonest clinical presentation in Africa countries.(150) The present study has shown 

the tinea capitis infection is commonly seen in the children below the age of 15 year.  

Simonnet et al. discovered that tinea capitis infection was more frequent in children 

under the age of puberty than in adults in a 2011 research. In a research done by 

Hanumanthappa et al in 2012, tinea capitis was shown to be prevalent in children 

aged 10 to 15 years.(70) In Africa, tinea capitis was the most frequent clinical pattern, 

accounting for 26.9% of all cases.(151) The scalp lesions ranged from typical alopecia 

to postulation in chronic infections, inflammatory to non-inflammatory type, and few 

patients reported with numerous small plaques of alopecia such as "trichophytic" type 

(64.2%) and large plaques of alopecia such as "microscopic" type (34.6%), and a few 

reported with nonspecific lesions (6.2%). (Kechia et al., 2014).(152) Sharing hair 

accessories, carrying things on the head, and overcrowding are the primary 

predisposing risk factors for scalp infections, according to Ayanlowo et al., 2014.(153) 
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5.5 Direct Microscopy and Culture: 

Environmental factors such as pH, temperature, light, incubation time, and 

culture media all influence dermatophyte development and antigen production. 

Temperature is a key environmental element that influences microbial growth and 

metabolite synthesis. Every fungus has a set of cardinal temperatures at which it 

grows at its fastest. Most fungi thrive at temperatures between 25 and 35 degrees 

Celsius. Similarly, pH is an essential element that impacts the development of 

dermatophytes. Every fungus, like temperature, has a pH range in which it thrives. 

Fungi thrive best when the pH is between 4.2 and 9.3.(154,155,156) 

In the Present Study out of 1004 samples 129 (12.8%) samples were positive 

for Dematophytosis from 937 patients by direct microscopy and Culture of which 27 

(20.9%) were positive by only direct microcopy, 5 (0.49%) were positive by only 

culture and 97 were positive by both culture and direct microscopy. Many 

epidemiological studies in India have shown high positivity rate of direct microscopy 

that the culture. Direct microscopy positive rates varied from 38 % to 96 %, with the 

lowest being 38.2 % in Meghalaya, East India and the highest being 96 % in Mysore, 

South India.(157,158) As per the epidemiological investigation conducted by Sofia 

Maraki et al. in 2006 have shown mycological positivity rate of 10.1% for 

dermaophytosis from 2910 patients.(83) The culture positivity rate in epidemiological 

studies with high direct microscopy positivity rates varied from 29.3% to 87.43%, 

with a low of 29.3% and a high of 87.43%.(157,159) It's possible that the low positive 

rate in culture is attributable to earlier antifungal therapy.(143) As a result, when 

sampling, patients should be selected based on certain criteria and a sufficient 

quantity of material should be obtained.(142) 
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Study conducted by Madhavi et al. in 2011 shown higher rate of culture 

positivity (58%) compared to direct microscopy (43%).(160) The low positive rate in 

direct microscopy might be owing to a strong inflammatory reaction that causes the 

fungal components to become blind or use of antifungal before sample collection.(142) 

Finally, the value of culture technique plays an important part in infection laboratory 

diagnosis. 

5.6 Etiological Agent: 

Out of 1004 sample 102 (10.15%) samples have shown the dermatophytic 

growth in which T. mentagrophytes (67.6%) was the prevalent dermatophyte isolated 

in the present study followed by T. rubrum (25.5%), T. tonsurans (2.9%), M. gypseum 

(2.9%) and T. terrestre (2.9%). Majority of the patients were infected by zoophilic 

dermatophytes T. mentagraphytes which is accordance with the study conducted by 

Bhatia and Sharma in 2014 in Himachal Pradesh, T. mentagrophytes was the most 

frequent species (63.5%), while T. rubrum (35.1%) was the second most common.(74) 

On the contrary to our study Mistry et al in 2014 have shown T. rubrum (53.9%) was 

the commonest dermatohyte isolates followed by T. mentagrophytes (27.9%).(161) T. 

mentagrophytes was commonly isolated in tinea corporis (30.4%) tinea capitus 

(30.4%), and tinea ungium (26.1%) whereas T. rubrum was commonly seen in tinea 

unguium (42.2%), tinea corporis (19.2%), tinea cruris (19.2%) and tinea capitis 

(15.4%) a study conducted by Sajjan and Mangalgi in 2012 have shown that most 

prevalent species identified from scalp infections were T.rubrum (50%) and T. 

mentagrophytes(47.36%).(162) These two dermatophyte species were often isolated 

from all tinea infections in India, according to several researchers. T. tonsurans (22.3 

%) was isolated from 206 patients, according to Jha and Murthy (2013), and this 
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dermatophyte was the second most prevalent species in Mysore, South India.(163) T. 

tonsurans (91.8 %) was commonly isolated species from scalp infections in Northern 

California, according to Mirmirani and Tucker (2013).(164) Tinea capitis and tinea 

corporis are common sources of T. tonsurans, an anthropophilic dermatophyte. T. 

tonsurans is found in around 1-2% of tinea faciei, mannum, pedis, and unguium, 

according to several researchers. In the present study T. tonsurans is isolated in tinea 

unguium (33.3%) and tinea corporis (66.7%).  

M. gypseum is isolated tinea  capitis, tinea unguium and in tinea corporis 

which is commonly seen in tinea capitis infection.(70,133) Furthermore, Microsporum 

species were isolated less often in India. Species like M. nanum and M. cookie were 

among the Microsporum species isolated.(140,161) In India, M. ferrugineum is a non-

endemic anthropophilic pathogen that was identified from 13 cases (or 9.75 %) in 

Lucknow.(165) 

T. soudanense was less frequently isolated from scalp and nail infections in 

Kolkata, East India.(166,167,152) But it was the most commonly isolated dermatophyte 

species from scalp infections Africa.(159,152) T. yaoundei and T. soudananse were 

isolated from patients with tinea capitis in previous investigations done on the Siddi 

population.(18,16) We examined the population of this community for superficial 

infections in the hopes of identifying uncommon dermatophytes among this distinct 

group that derives from Africa. Single isolate have shown the colony morphology and 

microscopic feature similar to T. soudanense (1, 0.98 %) in our investigation, further 

it was identified as T. rubrum after molecular characterization despite the fact that it is 

a geographically limited dermatophyte often isolated in African nations. Exotic fungi 

have also been found in migrating African populations in India and other areas of the 
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world.(18,16,168) From 2001 to 2006, T. soudanense accounted for 1.6 % of cases in 

Columbus, Ohio, according to a retrospective analysis(84) T. soudanense was also 

isolated from children with tinea capitis who had relocated from African nations by 

researchers from Belgium, Finland, and Sweden.(169,170,171) T. soudanense was isolated 

in 0.38% of all patients from eastern and western Africa in Baltimore, Maryland.(92) T. 

verrucosum was the most common dermatophyte species isolated from 

onychomycosis and scalp infections with only a few workers reporting that it was 

isolated from skin diseases less often.(159,143) 

T. concentricum (tinea corporis and cruris), T. megninii (tinea corporis and 

cruris), M. fulvum (tinea corporis, capitis, and barbae), T.terrestre (tinea corporis, 

mannum, and capitis), T. equinum, T. simii (tinea corporis and pedis), and M. pracex 

and M. langeronii were seldom isolated from skin and scalp infections, 

respectively.(159,149) according to Simonnet et al., 2011, who also reported that the 

latter was isolated from a patient who returned from Sub-Saharan Africa.(172) 

The tinea corporis and tinea cruris combination (n=6, 40%) was the most 

prevalent among patients with multiple site involvement, followed by tinea unguium 

and tinea corporis (n=5 33%). Spreading and erythematous lesions were observed in 

45 (50.0%) and 27 (30.0%) of the patients, respectively. Only 28 (31.11 %) of the 

patients had pigmented lesions. In 15 (16.66%) of the patients, the infection recurred 

or relapsed. Only four patients (4%) were able to provide precise corticosteroids 

dosages while using a combination of antibacterial and antifungal medications 

(Candid B, Itch-guard and Betnovate). However, rather than a typical skin lesion, the 

majority of the patients developed a wide spreading lesion with little erythema, 

comparable to lesions treated with corticosteroids.(68) Despite the fact that only 16.6 % 
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of patients had a history of relapse or recurrence, and only 4% had a complete history 

of corticosteroid usage, 31.1% of patients had corticosteroid modified tinea. As many 

as 4% of patients said they bought topical creams from a local medical store without 

consulting an authorized clinical practitioner. As previously reported, these topical 

steroid users had adverse reactions including as hypopigmentation and striae.(68,74,173) 

Previous contact with an infected human, animal, or soil was reported in 6 (6.66%), 

43 (47.7%), and 56 (62.2%) of the cases, respectively. Lesions lasting 1-2 months 

were found in 25 (27.77 %) of patients, whereas infection lasted from 2 to 6 months in 

23 (25.55 %) of patients, and infection lasted from 6 to 12 months in 25 (27.77 %) of 

patients. However, 17 individuals (18.88%) admit to having had an infection in the 

previous 5 years. Only 5 (5.55 %) of the patients had diabetes mellitus.  

The spread of dermatophytosis and its epidemiology has been comparable to 

other parts of India due to changing environment and migration of the community 

people in and out of the allocated area for Siddi community. 

The prevalence of 5.97 % was observed for non-dermatophytes, such as yeast 

and moulds in this research. It appears that tinea unguium was the most frequent 

clinical form, seen in 85.71 % of all cases. The risk factor for increased tinea unguium 

prevalence in superficial mycosis by non-dermatophytes could be due to frequent 

contact with soil during daily life, age, a history of similar infection, or frequent 

sharing of footwear. Tinea corporis and tinea capitis were found in 8.92% and 5.35% 

of the patients, respectively. In 2015, Kaur et al. discovered that nail infection is the 

most prevalent location for superficial infection, while Lakshmanan et al. reported in 

2015 that the most prevalent location of superficial infection is the skin, followed by 

the nail and hair. Outdoor laborers, such as farmers (57.14 %) and daily wage 



Discussion 

 Page 98 
 

employees (16.07 %), had the greatest infection rate, which was consistent with 

research conducted in other regions of India.(11,174,175,68) Candida species (20.25%) 

was the most common pathogen, followed by Aspergillus species (12.75%), Fusarium 

species (10.62%), and Cladosporium halotolerans (2, 1.26 %). In 2020, Hazarika et 

al. found that NDM were more common than yeast in causing superficial 

infection.(176) In 2015, Kaur et al. discovered that NDM was the most prevalent cause 

of superficial mycosis, followed by dermatophytes and yeasts.(1) According to 

Weinberg et al. in 2003 non-dermatophytes made up roughly 10% of the causative 

agents of onychomycosis,(177) however Batawi et al. 2007 found that 68.75 % of the 

causative agents of onychomycosis were non-dermatophytes and 0.1 % was 

dermatophytes.(178) Candida and Aspergillus species were commonly isolated from 

infections of the trunk, groin, scalp, and nails. Several non-dermatophytes have been 

isolated from onychomycosis, including Fusarium species, Penicillium species, 

Scopulariopsis species, Helminthosporium species (11 cases), and Trichosporon 

species (1 case), according to a few researchers Curvularia species (2.5%) and 

Paecilomyces species (0.6 %) were isolated from trunk, groin, and nail infections, 

respectively infections of the scalp.(140-143,149) 
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5.7 Molecular Characterization of Dermatophytes:  

5.7.1 Molecular typing of Trichophyton mentagrophytes/interdigitale complex:  

There is an increase in the incidence of superficial dermatophytosis in India 

since from last 4 to 5 years of time. Studies from different region of India have shown 

that an increasing trend in the prevalence of dermatophytosis.(179) There is a notable 

striking change in clinical features, response to the treatment and recurrent rate of the 

dermatophytosis many studies have also shown the prevalence of T. mentagrophytes 

as the common etiological agent for the dermatophytosis whereas T. interdigitale has 

been recognized as the infection causing fungi of the chronic, relapsing 

dermatophytosis epidemic in India. Many studies have confirmed the organism by the 

convention method and have not used the molecular method like polymerase chain 

reaction (PCR) to provide evidence.(68,180) To substantiate the problem Pietro Nenoff 

et. al. have characterize the causative agent of superficial dermatophytosis by 

sequencing ITS region and (TEF)-1α gene, T. metagrophytes (92.62%) was the 

predominant causative agent to cause dermatophytosis followed by T. rubrum 

(7.38%) and shown the remarkable shift from T. rubrum to T. mentagrophytes. further 

sequencing data have shown that all 138 isolates of T. mentagrophytes belongs to 

“ITS genotype VIII” they proposed to call as “Indian genotype”.  

In the present study T. mentagrophytes was the predominant dermatophyte to 

identify in the tribal community.(181) 51 isolates out of 68 isolates were sequenced in 

the ITS region. The phylogenetic tree was drawn. All isolates were clustered with ITS 

genotype VIII as per the classification of Heidemann et al.(171) Due to recent 

taxonomic instability among dermatophytes, it is difficult to differentiate T. 

mentagrophytes from T. interdigitale using phenotypic methods.(182,183) 
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However, only a few studies have proven that the ITS region of ribosomal 

DNA can distinguish between genotypes of the T. mentagrophyte/T. interdigitale 

species complex.(181,125) These various genotypes were also linked to clinical 

symptoms, geographic location, and antifungal resistance(182,183). Because the 

population was preserved, we thought the T. mentagrophytes identified from the Siddi 

community may be unique. Representative isolates phenotypically classified as T. 

metagrophytes were submitted to phylogenetic analysis based on the ITS region in 

this study. As previously stated, all of the sample isolates utilized in this investigation 

belonged to the ITS genotype VIII, which is the most prevalent infectious agent of 

dermatophytosis in India.(68,125) The prevalence of T. mentagrophytes ITS genotype 

VIII in the Siddi community might be related to local social and religious adaptations, 

as well as the fact that they are in close touch with other civilized parts of the 

state.(184) 

5.7.2 Molecular characterization of Trichophyton rubrum: 

The Siddi are an Indian tribal group having African origins who have resided 

in India for over five generations.(18,17) The existence of rare African dermatophytes 

among the Siddi tribal people in India was identified by researchers. In 1980, T. 

soudanense, and in 1993, T. yaoundei were identified in the community.(18,16) Only a 

little amount of research from across the world has indicated the prevalence of this 

illness in native and migrated African population.(185,186,168) To check for the existence 

of such uncommon African dermatophytes, we tested over 2000 members of the Siddi 

community in India's north Karnataka area. 102 Dermatophytes were grown on 

culture media out of the 1004 samples, with 9.6% prevalence.   In the Siddi tribal 

community tinea unguium was the major clinical condition seen in 32%, tinea 
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corporis was seen in 27.45%, tinea capitis in 25.49%, tinea cruris in 13.72%, tinea 

pedis in 13.72% and tinea faceae in 0.98 %. In 67.64 % of cases, Major etiological 

agent causing dermatophytosis in the tribal community was T. mentagrophytes, 

followed by T. rubrum in 25.49 %, Although two dermatophytes with phenotypic 

features of African dermatophytes such as T. violaceum and T. soudanense were 

discovered in 2 separate individuals suffering with tinea capitis and tinea unguium 

respectively, further by sequencing ITS region both isolates have been identified as T. 

rubrum. Both isolates grew slowly and did not produce macro or micro conidia. T. 

violaceum has been found in populations of native local provenance in India and other 

areas of the world, according to studies. Despite the fact that it is classified as an 

African dermatophyte, many researchers have shown the presence of T. soudanense in 

many region of the world in migrated African, according to multiple studies, and 

native population is rarely affected(185,186,168). S. S. Magill et al. in Baltimore Maryland 

reported T. violaceum and T. soudanense infection in 88% of migrated population of 

eastern Africa and West Africa who is staying America for 3 months to 5 years, and 

US native population have shown the 12 % of infection. T. violaceum, and T. 

soudanense was observed in 82.7 % of Africans immigrated to the United States, 4.93 

% in African Americans and 3.7 % in native white population(92), whereas  Elizabeth 

Gaviria Morales et. al observed prevalence of 77.27 % of T. violaceum infection in 

migrated patients from Africa and 15.90 % of infection in the native 

population.(185,186) In the year 2000 Graser et al. studied the anthropophilic 

dermatophytes taxa and noticed short molecular distance, and the majority of them 

were renamed T. rubrum or T. violaceum. T. violaceum was first discovered by 

Sabouraud in 1902 which is major infection causing fungi of tinea capitis which is 

slow growing and rarely sporulating organism. Later T. rubrum was discovered which 
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usually causes tinea corporis and tinea pedis.  Later on majority of the species were 

added to T. rubrum complex to explain the phenotypic variation, further many 

experimental methodologies were used to reevaluate the characters but the difference 

between the clinical site and the associated morphological difference of T. rubrum 

and T. violaceum remain unresolved.(187) 

We discovered no such uncommon dermatophyte of African species in the 

current investigation. It's possible that the lack of uncommon exotic African 

dermatophytes in the Siddi community, a migratory African group, is related to their 

residence in India for more than five generations,(26) Other researchers, on the other 

hand, have observed infection with African dermatophytes in African-origin people 

who have lived in the area for one or two generations.(185,186,168) According to a 

observation published in 2018, there has been a six-times increase in geographically 

restricted dermatophytes commonly seen in African countries among African ancestry 

children living in Canada for one or two generations.(168) A thorough investigation of 

population of African ancestry in other regions of India might show the occurrence of 

regionally limited dermatophytes.  

De Hoog et al. have done molecular phylogeny and shown T. violaceum is 

almost impossible to differentiate from T. rubrum based on multilocus sequencing 

results, which includes sequencing of regions like ITS, rDNA, LSU tubulin, and 60S 

L10 rDNA. Study conducted by Huilin Su et al. showed MALDI TOF can 

differentiate the T. violaceum from T. rubrum and T. soudanense but it has 

insufficient discriminatory power to differentiate T. rubrum and T. soudanense. 

Further other studies have also shown that adding the T. soudanense in the MALDI 

TOF database can mislead the identification of T. rubrum. Even though T. violaceum, 
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T. rubrum and T. soudanense shows the logical differences in clinical symptoms, 

physiology, colony appearance and molecular investigations, none of them are strictly 

used parameters for diagnosis. Further genetic entities of T. violaceum, T. rubrum and 

T. soudanense are similar this might be due to short time evolution and in sympatric 

evolution, these are distinct entities with imperfect lineage sorting. This type of 

changes has been observed in recently evolving dermatophytes. In dermatophytes, the 

ITS region of rDNA is utilized to identify taxa as well as to study their evolutionary 

relationships.(188) Our findings confirm a suspected phenotypically similar 

dermatophyte of African species as T. rubrum by sequencing at ITS region. Many 

additional studies have discovered these African anthropophilic dermatophyte species 

in migratory African populations all over the world.(185,168,189) Because the Siddi tribal 

group has resided in India for five generations and has adapted to local religious 

customs, our investigation revealed no such unique exotic dermatophyte.  

5.7.3 Molecular characterization of Cladosporium halotolerence:  

Superficial mycosis due to non dermatophytes was seen with the prevalence of 

5.97% in the present research. Tinea unguim was the common clinical condition seen 

in 85.71% of cases, frequent contact with soil and sharing footware regularly could be 

the possible reason. Other researchers have also shown the similar observation,(1) 

whereas in contrast to our study  Lakshmanan et al. found skin to be the most 

common site of superficial infection in 2015, followed by nail and hair.(190) Outdoor 

laborers, such as farmers (57.14 %) and daily wage employees (16.07 %), had the 

greatest infection rate, which was consistent with research conducted in other regions 

of India.(191,192,193) Candida species (20.25%) was the most common pathogen, 

followed by Aspergillus species (12.75%), Fusarium species (10.62%), and 
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Cladosporium halotolerans (10.32%). (2, 1.26 %). In 2020, Hazarika et al. found that 

NDM were more common than yeast in causing superficial infection.(176) In 2015, 

Kaur et al. discovered that NDM was the most prevalent cause of superficial mycosis, 

followed by dermatophytes and yeasts.(1) Cladosporium halotolerans was isolated 

from twins with tinea capitis in order to confirm the infection with Cladosporium 

halotolerans. Repeat samples were taken from both patients who showed 

Cladosporium halotolerans growth. Cladosporium is commonly thought of as an 

indoor fungus that is separated from environmental sources and geographical location, 

yet many Cladosporium spp are significant infective agent that infects plants, animals, 

and humans.(194,195) Cladosporium species isolated in most cases lack molecular 

confirmation; however, Cladosporium species isolated in this investigation were 

sequenced utilizing the ITS region and identified as Cladosporiumn halotolerans. The 

isolation of fungi such as Cladosporium halotolerants in the Siddi population may be 

due to their low socioeconomic condition and reduced cleanliness, as the bulk of the 

Siddi tribal group lives in poverty.  

5.8 Antifungal susceptibility Testing:  

Dermatophytoses are a major financial burden on medical establishment all 

over the world, with a global prevalence of 20-25 %.(87) As a result, the persistent 

dermatophytosis that has emerged in India has become a worrying medico-economic 

problem. Aside from dermatophytosis worldwide relevance as the most prevalent 

superficial infection, in vitro susceptibility testing is critical for determining 

developing resistance patterns among causative dermatophytes. Furthermore, because 

many antifungal medications have liver and cardiac adverse effects, it is critical to 

evaluate novel antifungal drugs. It's great to see new antifungal medicines with 
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excellent efficacy against dermatophytes being developed. All 102 dermatophytes 

were subjected to antifungal susceptibility testing against 13 antifungal drugs and 

resistance mechanism to the terbinafine drug. Geometric mean of voriconazole, 

itraconazole and amorolfine has shown low geometric mean of 0.013 mg/ltr, 0.031 

mg/ltr and 0.014 mg/ltr respectively for T. mentagrophytes. Whereas amorolfine have 

shown the lowest geometric mean of 0.009 mg/ltr for T. rubrum followed by 

voriconazole and itraconazole of 0.010 mg/ltr and 0.017 mg/lit. In case of M. gypseum 

and T. tonsurans voriconazole have shown the low geometric mean value (0.00781 

mg/ltr). voriconazole have shown the good activity against all dermatopphytes which 

in agreement the other studies conducted globally, whereas in a stud a study 

conducted by Salehi et al.  have compared the sensitivity pattern of triazole, 

uliconazole and lanocollnzole with the standard drugs like azoles and allelamines and 

showed luliconazole and lanoconazole have shown the potent activity against 

ketoconazole, terbinafine and griseofulvin which are considered as the first line of 

drug in the present days. In the present study luliconazole and griseofulvin have 

shown the higher MIC. luliconazole have shown the 0.0625mg/ltr and 0.125mg/ltr of 

MIC 50 and MIC 90 respectively whereas griseofulvin have shown the 0.25mg/lit and 

2mg/lit of MIC50 and MIC 90 respectively. Luliconazole have shown low MIC 90 of 

0.0625mg/ltr against T. rubrum when compared to T. mentagrophytes which is 

0.125mg/ltr. terbinafine, itraconazole and griseofulvin have shown lower MIC 90 

against T. rubrum compared to T. mentagrophytes, in contrast to our study lower MIC 

90 was observed by Salehi et al. in T. mentagrophytes isolates to terbinafine, 

itraconazole and griseofulvine when compared to T.rubrum. Fluconazole have shown 

the low potency against all the isolates in the present study with the geometric mean 

of 1.09mg/ltr. Overall MIC 50 and MIC 90 of fluconazole against study isolates were 
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0.5mg/ltr and 16mg/ltr respectively. 19% Resistance of dermatophytes against azole 

group of drug has been reported in the previous studies(121). In agreement to our study 

many have reported resistance against fluconazole antifungal drug. Hryncewicz-

GwodzA, have reported resistance of fluconazole in the T. rubrum isolate.(122) 

Allelamines like terbinafine and naftifine have shown reduced susceptibility 

against T. metagrophytes which is the commonly isolated dermatophytes in the 

present study. 25 isolates of T. mentagrophytes have shown the higher MIC against 

terbinafine which is considered as one of the effective antifungal drug against 

dermatophytes. Even though the Siddi tribal population stays in the rural area of 

North Karnataka region many the community members visit other cities of India and 

most of them are adapted to the local and social lifestyle of India could be the possible 

reason to acquire the resistance for terbinafine drug. Other researchers in India have 

also reported the increase resistance against terbinafine drug. Shivaprakash M. 

Rudramurthy et al. reported higher MIC in 20 Trichphyton species in North India out 

of 133 isolates. Ashutosh Singh et al. reported 29.85 % terbinafine resistance in 

Trichophyton species in 2017 in North India. Scanty reports are available in India on 

the susceptibility of dermatophytes against terbinafine antifungal agent.(117,119) In the 

last two decades, L393F and F397L substitutions were observed due to point mutation 

in the SE gene have been linked to terbinafine resistance in T. rubrum(117,119). Sixteen 

T. rubrum isolates and one T. interdigitale isolates with point mutations resulting to 

L393F, L393S, F397I, F397L, F397V, F415V, and H440T changes have been 

reported by Yamada et al.(196). Present study we identified the mutation which leads 

to the substitution of phenylalanine to leucine at 397 position (Phe397Leu) in 4 T. 

metagrophytes isolates with higher MIC.  Drug resistance due to the effect of amino 

acid substitution might aid in the understanding of drug and enzyme interactions. In 
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S.cerevisiae isolates, Atomic three-dimensional (3D) modeling of SE protein was 

demonstrated by Nowosielski et al.(197) The greatest drug-enzyme interaction was 

found at F402, F420, F417, C416, V92, and T90 in an amino acid found in the C-

terminal region of SE. The SE residue F402 matches to Phe397 in the T. rubrum SE 

gene.(196) The amino acid change at this location has a big influence on drug-enzyme 

interactions. It's unclear if terbinafine resistance develops spontaneously or as a result 

of medication use. Out of 20 Trychophyton isolates showing higher MIC for 

terbinafine drug only three have had terbinafine exposure history out of which only 

one isolate had shown the mutation in T1189C position of SE gene DNA sequence. In 

the absence of successive isolates, it's difficult to say if our isolates were mainly 

resistant or developed resistance over treatment. Additional genetic evolutionary 

investigations of isolates from the same patient in a row might help to clarify the 

question of primary and secondary resistance. 
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6.0 SUMMARY  

Dermatophytosis was found to be present with 9.6 % prevalence in Siddi tribe 

population, T. mentagrophytes complex was shown to be the most prevalent organism 

causing dermatophytosis among Siddis in this investigation. The distribution of 

dermatophytes in this population matched those of previous studies conducted across 

India. Patients in the 15 to 45 year old age group were the most often afflicted, as this 

group of patients are more socially engaged, the chances of them coming into touch 

with infected persons are high. They may also get the disease while working in jobs 

like farming or physical labor. These young people frequently migrate in and out of 

their communities in search of jobs in other parts of the state. As a result, the risk of 

dermatophyte transmission throughout the population is increased. Diabetes mellitus 

was previously thought to be a significant risk factor for the development of 

dermatophytes but only 5.5 % of patients in our research were diabetics, which is 

consistent with earlier findings from India. As previously stated, tinea corporis was 

the most common clinical manifestation. Tinea cruris was found to be less common in 

our study than in other Indian studies. The fact that the majority of patients 

hesitated/refused to show the infection ingroinsregion might explain the decreased 

rate of tinea cruris in our research. This preserved tribal community's high 

dermatophyte load might be attributable to their particular lifestyle and 

socioeconomic circumstances. The Siddi community is a low-income population that 

mostly relies on agricultural and daily wage employment. They participate in income-

generating activities such as fuel wood collecting or daily wage employment for local 

landlords. Around 72 % of the patients were illiterate, whereas 24 % were students or 

had finished their elementary school. According to a recent poll, 40% of the Siddi 
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population eats only two meals per day and is at risk of malnutrition. Because people 

live in overcrowded tiny hamlets with inadequate sanitation and regularly share 

clothing, towels, and other household goods, the risk of dermatophyte transmission 

can't be ruled out. 

The most prevalent etiological agent is T. mentagrophytes, which corresponds 

to the ITS genotype VIII. Despite their origins in African nations, the distribution of 

dermatophytes and their etiological agent in the Siddi tribal population is comparable 

to that of native Indians. The fact that this group has existed for many generations and 

has adapted to local social and religious traditions, as well as frequent interaction with 

nearby native Indians, might all be factors. Antifungal susceptibility testing of 

dermatophytes in the community might help us learn more about antifungal sensitivity 

patterns against dermatophytes in the community. Rare African species of 

dermatopytes were not found in the migrated Siddi tribal population, which might be 

attributed to the community's long history in India and adaptation to local social and 

religious customs. 

Non-dermatophytes such as yeast and non dermatophytic moulds, in addition 

to dermatophytes, were shown to be responsible for superficial infection in the Siddi 

tribal group, with a prevalence incidence of 5.97 %. In 85.71 % of patients, tinea 

ungum was the most prevalent clinical disease that caused superficial infection by 

non-dermatophytes. In the Siddi tribal community, Cladosporium halotolerans, an 

indoor fungus, can cause superficial infections like tinea capitis. A detailed study of 

the Siddi tribal community and native Indians to discover such superficial fungal 

infections may reveal interesting findings, which may aid clinician diagnosis and 

change treatment approaches. 
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All 102 dermatophyte isolates were subjected to antifungal susceptibility 

testing against 13 antifungal drugs. Voriconazole was the effective antifungal agent, 

whereas luliconazole and griseofulvin have shown higher MIC. Reduced 

susceptibility was observed against allylamine like terbinafine and naftifine. Present 

study shown mutation in the 1191th position which leads to substitution of 

phenylallamine to lucine at 397th position in Squalene Epoxidase (SE) gene.  
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7.0 CONCLUSION 

The prevalence of dermatophytosis in the Siddi tribal population was found to 

be 9.6 %, with Trichophyton mentarophytes type VIII being the most commonly 

isolated etiological agent. Despite the fact that the Siddi community originated from 

African countries, the etiological agents, clinical presentation and distribution of 

dermatophytosis are similar to that of native Indians. Non-dermatophyte mould such 

as Cladosporium halotolerance, an indoor fungus, can cause superficial infections 

such as tinea capitis especially among Siddi tribal community. 

Most effective antifungal agent was voriconazole, but allylamines such as 

terbinafine showed lower susceptibility with the F397L mutation in Squalene 

Epoxidase (SE) gene. 

Current study has been focused on the African migrant Siddi tribal population 

in north Karnataka region, while similar hamlets are also found in Andhra Pradesh, 

Maharashtra, and Goa. Thus, a systematic analysis of dermatophytosis among such 

other African migrants using more advanced genetic techniques such as next 

generation sequencing and whole genome sequencing might disclose newer findings. 
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Eligibility to Participate: After reading this study form and discussing with the study counselor, 

if you agree to join this study, you will be asked to sign this consent form. After you have signed 

this form, we will ask you few questions to see if you meet requirement for joining the study. 

We will confirm the following: 

• Person belongs to Siddhi community 

• Siddhi people suspected and diagnosed as case of Tenia infection 

• Adult children of both sex will be included 

• Siddhis having Tenia infection and on antifungal treatment 

The study counselor will then let you know if you are eligible to participate in the study. If you 

decide not to take part in the study or if you do not meet the eligibility requirement, we may still 

use the information collected from you to determine your eligibility. As part of this 

determination, some. basic information like your age, your HIV disease condition, your previous 

diagnosis may help us determine whether there are patterns or common reasons why people do 

not join the study. However we will not use your name in any publication related to this study. 

Procedure: If you agree to participate and are eligible, we will collect information about you and 

your overall health including your education, family, income and previous illnesses. Then we will 

collect skin/nail from affected area and infected hair. These clinical samples will be shifted for 

testing at JNMC Belagavi and the primary report will be informed by phone and by post. The 

isolates further tested at PG! Chandigarh. You will get one preliminary report at the end of one 

week of collection of samples and second report before a month. This will help you for 

undergoing specific fungal treatment. 

Risks/Discomforts and cost of participation: The procedure described above i; generally harmless. 

The treatment is not a part of the study and is not paid for by the study. 

Potential Benefits: Whether you participate or not, you will receive the report of the screening 

test that may indicate your fungal disease status. If you participate in this study, you will receive 

the test report which will help to treat your fungal infections. There are  no direct benefits from 

participating in this study. Information learned from the results of tests in this study may provide 

valuable support regarding prevailing Dermatophytes among Sidd community and their relation 

to prove that Siddi are direct descendents of Africans. 

Confidentiality: Your study records and test results will be kept confidential. We can assure you 

that we will not reveal your participation in this study. Your personal information may be disclosed 

if required by law. Any publication of the study will not use your name or identify you personally. 

Your record may review by the Ethics committee of the Jawaharlal Nehru Medical College (JNMC), 

PGI Chandigarh and Indian Council of Medical Research (ICMR), as well as the study staff and 

investigators and the study monitors. 

Problem/questions: For Question about this study Please contact Dr. Mahantesh B 
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Nagamoti, Professor, Department of Microbiology, J N Medical College, KLE University, Belagavi. Tel•. 0831 -

273777 extn:4070, cell no: 9448141342. 

Termination of Participation: You have the right to stop participating in the study at any time by 

informing us about your intent to do so. You may visit the clinic to indicate your preference or contact 

the study investigator by phone, as follows: Dr. Mahantesh B Nagamoti, Professor, Department of 

Microbiology, J N Medical College, KLE University, Belagavi. Tel: 0831273777 extn: 4070, cell no: 

9448141342. 

Contacting you: We will inform yourtest reports by cell phone or by post. The report will be 

informed to your PHC Medical Officer for your further treatment. Hard copy of the same will be 

given to you. 

Storage of Specimens: The organism isolated from your sample may be storage locally or in PGI 

(with usual protectors of identity) for an indefinite length of time and used for other Ethics 

Committee approved research studies on fungi. 

Signatures: You are not waiving any of your legal rights by singing this consent form. You are 

free to refuse all or any part of these activities, without any problem. When you sign or make  

your thumb print on the form bellow, that means that your questions and conce rns have been 

answered and you willing agree to undergo the study procedures. 

 

Participants full name with signature/thumb impression and date  

 

Witness name with signature and date 

 

Name of the person obtaining informed consent with signature and date  

 

Name of the investigator or designee with signature and date  
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INFORMED CONSENT FORM 

title: Isolation and Identification of Dermatophytes among Siddi community 

Protoc residin in North Karnataka region and Molecular characterization of Exotic/Rare 

fungi am Ong 

Rese h Scholar: Mr. Aruna C 

Res ch Guide: Dr. Mahantesh B Nagamoti 

he details of the research study in which I am expected to participate, for which I have to undergo 

history taking, clinical examination have been explained to me. 

I willingly, under no pressure from the researcher agree to take part in this study, and agree 

to participate in all investigations. I may withdraw at any time. I am not giving up any of my 

legal rights by signing this form. 

My signature below indicates that I have read this entire consent form or it has been read to 
me, and had all my questions answered. I will be given a copy of this consent form. 

SIGNATURE OF THE PARTICIPANT OR LEGALLY AUTHORIZED REPRESENTATIVE 

Participants Name Participants Signature 

Investigators Name 
Investigators 

Signature 

Witness's Name Witness's Signature 

Date 

Plac

e 
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